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THE PENNSYLVANIA RAILROAD. 
No. I. 

So little is known in this country of the actual 
details of construction of an American standard line 
of railway, of its station and shop arrangements, of 
its rolling stock, of the nature and extent of its 
traffic, its organisation and management, the cost of 
working and of maintenance, and the financial 
results obtained, that we believe a series of articles 
containing in the fullest details the whole of this 
information, will be gladly received, and read with 
interest. 

We have selected the Pennsylvania Railroad as 
an example, it being the most powerful railway or- 
ganisation in the United States, and representing all 
that is most advanced in the railway practice of that 
country. It must not be assumed, however, that 
the Pennsylvania Rai can be taken as a type. 
On the contrary, there are but {very few other com- 
panies in the country that can be compared with it. 

We propose, therefore, in the following articles, 
after a brief reference to the material features of the 
‘Keystone’ State—the Commonwealth of Penn- 
sylvania—and after tracing in some detail the history 
of this great railroad company, to publish detailed 
descriptions of its organisation, of the construction 
of its road bed, permanent way, bridges, stations, 
depéts, workshops, locomotives, rolling stock, and 
all other subjects connected with its fixed and 
moving plant; to give the cost of construction, and 
of repairs, to analyse the traffic, and the results 
obtained from it, and finally to review the present 
position of the company and its immediate pro- 
spects, 

To carry out this programme in its entirety, will 
be the work of many months, and make a large 
demand upon our space, especially as these articles 
will be illustrated by drawings showing everything 
of interest connected with the railway in the fullest 
detail, It is needless to say that such a work could 
not have been carried out withoat the assistance of 
the Pennsylvania Railroad Company, who have 
placed at our disposal, in the most liberal manner, 
the whole of the necessary data and drawings. 
remo | we have to acknowledge the courtesy of 
Colonel Thomas A. Scott, the President of the com- 

any, of Mr. A. J. Cassatt, Third Vice-President, of 
Mr. Frank Thomson, the General Manager, of Mr. 
G. Clinton Gardner, General Superintendent, and of 
Mr. Theo, N, Ely, Superintendent of Motive Power. 


INTRODUCTORY. 

The Commonwealth of Pennsylvania is without 
doubt the most important of the divisions of the 
United States, and possesses more advantages, na- 
tural, and developed by progress than any other 
State in the Union. Its cities are numerous, large, 
and prosperous, its surface is highly cultivated, 
while beneath lie almost inexhaustible supplies of 
minerals; it contains the only important supplies of 
anthracite in the world, while towards its western 
boundry, the hard fuel changes gradually into semi 
and finally into bituminous coal. In the western 
portion too, stretching from near Pittsburgh towards 
the north-east as far as Erie City, lie the wonderful 
oil-bearing sand strata from which a universal demand 
is almost entirely supplied, It is intersected by 
several important rivers, forming water communica- 
tions with the main streams of America, as well as 
to the seaboard, and these means of communication 
are further supplemented by an extensive system of 
canals, made before the network of railways with 
which the State is covered, were commenced, but 
still carrying large quantities of mineral and agri- 
cultural freight. The railway system comprises n0 
less than 1672 miles of railway, the chief of which 
is of course that to which the following articles 
will be devoted. Finally, the historical relations of 
this State are richer than those of any other. 





The form of Pennsylvania is almost rectangular, 
and it measures from its eastern to its western sides 
$10 miles, its breadth being 160 miles, To the 
north lies the State of New York, with the southern 
end of Lake Erie extending into it at the north-west 
corner ; on the east the boundary is the Delaware 
River, separating it from New Jersey and New 
York ; on the south are Delaware, Maryland, and 
Virginia; and on the west a part of Virginia and 
Ohio, It lies between latitudes 39° 42' and 42° 15’ 
north, and between 74° 40’ and 80° 35’ west longi- 
tude. The area of the State is about 46,000 square 
miles, and the mean elevation of its surface above 
the sea is 600 ft., the highest mountain ridges 
rising to 2800 ft. 

It will be impossible to do better than to borrow 
from Rogers’s great work on the geology of Penn- 
sylvania such leading facts as are necessary to 
preface the present subject, bearing on the general 
geographical features of the country. 

Dividing the State according to the contours of 
its surface, Professor Rogers classifies it into five 
distinct districts. 

The First District is that of the Atlantic Slope at 
the south-east portion of the State lying between 
the Delaware and the Susquehanna, and the south- 
east base of the South Mountains. 

The Second District includes the Appalachian 
Chain, including the ridges and table-lands between 
the south-east base of the South Mountains and the 
summit of the Allegheny Mountains, 

The Third District includes that part of the State 
north and north-west of the Allegheny Mountains, 
except the two districts north of the northern table 
lands of the bituminous coalfields. 

The Fourth District lies in the north-east, and 
is watered by the tributaries of the north branch 
of the Susquehanna, This is the highest of the 
series of plains descending to Lake Ontario. 

The Fifth District lies in the north-west portion 
of the State, and slopes down to Lake Erie. 

As to the natural drainage of the State of Penn- 
sylvania, it consists of three principal slopes, divided 
by two chief watersheds, that of the Appalachian 
range which separates the streams to the Atlantic 
from those flowing into the Ohio river, and the 
watershed to the lakes. The following summary 
shows this: 

Basin of the Delaware. 
Basin of Delaware jie of the Schuylkill. 


Bay, embracing Basin of the Brandywine, 


Atlantic With some minor streams. 
drainage 
Basin of Chesapeake ) Basin of the Potomac (only a 


| Bay, embracing 


re of the Susquehanna. 


= of this is within the 
tate. 


) 
Basin of the Allegheny. 
Basin of the Ohio { Basin of the Beaver. 
river in { Basin of the Monongahela. 
Pennsylvania. | And other smaller streams 
L flowing into the Ohio. 
Basin of Lake 


{ Ontario in 


Gulf 


Mexican 
oh 


Lake { basin of the Genessee river, 


drainage Pennsylvania 


Conneaut Creek and several 
Basin of Lake Erie { short streams, 


The first of these drains an area of 28,500 square 
miles, the second 12,632 square miles, and the third 
9500 square miles, 

Professor Rogers has admirably tabulated the 
water system of Pennsylvania, and as the Pennsyl- 
vania Railroad crosses its chief stream many times, 
while its chief cities are located upon oue or other of 
therivers, wereproduce the statement here. (See next 
page.) As a guide for future reference the various 
courses can befollowed upon a good map of the State. 

The geological formation of Pennsylvania com- 
_ only the more ancient deposits; there are 

ound in it none of the Tertiary, Cretaceous, or 
Oolitic periods, the strata belonging exclusively to 
the Gneissic, Paleozoic, and the Mesozoic, the 
second of these being the most extensive. No 
volcanic rocks appear, but a few dykes of trap are 





met with, and in the south-eastern part of the State 
an immense number of granitic veins. 

The gneissic or ancient metamorphic rocks and 
the mesozoic red sandstone formations occupy in 
about equal parts the south-eastern part of the 
State, On the other hand the palswozoic cover nine- 
tenths of its area, and preserving an enormous total 
thickness, are divided into many series and then 
into many formations; it is in this series that the 
wonderful coal and iron deposits of the State are 
ound. 

Upon this grand foundation rest the superficial de- 

ote. of the surface, including the Sree 
oams of the hematite iron ores and diluvium, 

The gneissic rocks include nearly all the varieties 
of felspathic, micaceous gneiss, and mica slates, 
and, properly belonging to the palewozoic system, a 
large series of indurated clay, chloritic and steatitic 
slates, thoroughly metamorphosed by the action of 

t, 


heat. 

The palzozoic system comprises a long succession 
of ferriliferous strata, ascending from the lowest 
class upon the gneissic beds to the highest or cool 
strata. Careful examination has shown that these 
rocks were deposited during the four earliest palso- 
zoic periods—the Cambrian, Devonian, and Carbo- 
niferous— the Permian not entering at all into the 
series, The aggregate thickness of these rocks is 
not less than 35,000 ft., and some of the separate 
formations measure from 3000 ft. to 5000ft. The 
strata of the Appalachian system consist of the 
three prevailing classes of sedimentary rocks, 
sandstone, slate, and limestone, and subordinate 
are the great beds of conglomerate of as pebbles, 
argillaceous limestone, and sandy shales, 


HISTORICAL, 


The history of railway communication in the State 
of Pennsylvania takes us back through a period of 
54 years, the legislature having in March, 1823, 
passed a Bill sanctioning the construction of a rail- 
road from Philadelphia to Columbia, in Lancaster 
County, a distance of 80 miles, 

Long before that time, however, the people of 
the United States had bestowed much earnest atten- 
tion to the subject of routes of communication 
between the sea- and what was then the 
‘‘ West.” The great river system lent itself to these 
undertakings, and the inland navigation works 
carried out were extensive at the beginning of the 
century, In 1791 a “‘ Society for promoting the im- 
provements of the roads and the inland navigation 
of Pennsylvania” was formed, having for its main 
object the creation and improvement of artificial 
and natural channels between the Delaware and the 
Ohio— Philadelphia and Pittsburgh—as well as the 
chain of lakes to the northward, Much was done 
to improve the great watercourses of the State—the 
Delaware, Schuylkill, Susquehanna, Juniata, Ohio, 
and their numerous tributaries—and to form the 
necessary su sare channels. Between Phi- 
ladelphia and Pittsburgh, however, running across 
the State of Pennsylvania, lies the Allegheny range, 
not very lofty it is true, but sufficiently high to 
interpose a formidable barrier to through traffic, 
and to render land carriage over the mountains an 
absolute necessity by the shortest route practicable 
that could be laid out to join the te points of 
navigation on the eastern and western sides of the 
Alleghenies. Meanwhile -Pennsylvania was pro- 
bably more advanced than any other State of the 
Union in the construction of roads. In 1807 the 
Lancaster high road was completed, and two com- 

ies had been formed to extend these roads as 
ar as Pittsburgh, Writing in thatyear, Mr. Gallatin, 
then Sec to the , stated that the 
Commonwealth of Pennsylvania had authorised the 
construction of 3000 miles of road, and he recom- 





mended the Government to sanction the construction 
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No. L.—Tue De.awaRe. 

; Rises in the north-east corner of Delaware County, about 
2000 ft. above the sea. It traverses Delaware County, New 
York State, flows between Pennsylvania and New ork as 
far as Carpenter's Point, thence between Pennsylvania and 
New Jersey, to the State line below Chester, and thence be- 
tween Delaware and New Jersey into Delaware Bay. 

Rises in Moosik Mountain, on 
the eastern borders of Wayne 
County, and flows eastward 


Counties. ‘The towns on it and 

Jounties, ie towns on it an 
The y — “ae its branches are: Belmont, 
° Mount Pleasant, Bethany, 
Homesdale, and Hawley. 


Empties into the Delaware, be- 
tween Mount Hope and Barry- 


ville. 

( Rises in the table land of the 
Pokono Mountain in Monrose 
and Lucertie Connties. Runs 
between Lucerne and Carbon 
Counties, across the latter, and 
between Lehigh and North- 
ampton, and acrogs the latter. 
The towns upon or near it are: 
Stoddartsville, Whitehaven, 
Pennshaven, Mauch Obunk, 
Lehighton, Westport, Parryville, 
Allentown, Bethlehem, and 
Easton. Empties into the Dela- 
. ware below Easton. 

{ Rises in the southern anthracite 
fields in Schuylkill County. 
Runs throughSchuy)kill, Berka, 
Montgomery, and Philadelphia 
Counties, The towns on or near 
it are: Tuscarora, Middle Port, 
Port Carbon, Pottsville, Schuyl- 
kill Haven, Orwigsburg, Port 
Clinton, Hamburg, Keading, 
Pottstown, Phoenixville, Morris- 
town, Manayunk, and Phila- 
delphia. 

aE the right from Broad 


The Lehigh River. ¢ 


from the right 


Tue DELAWARE 


The Schuylkill 
River, 


Mountain Mill Creek, West 
Branch, Tulpehocken, and 
French Oreek. On the left 
from Broad Mountain, Little 
Schuylkill, Maiden Oreck, 
Manatauny, Perkiomen, and 
Wissahickon. 

Empties into the tidal part of the 
ap ware oe, few miles below 


Rises in aoe teau of the Cata- 
kill Mountains, traverses Dela- 
ware County, New York, west- 

Empties into the Dela- 
ware at Hancock. 

Rises in the north of Ulster 
County, traverses this and Sul- 
livan Counties to the south. 
Empties in the Delaware below 
Port Jarvis. Principal town upon 
it is Monteceilo. 

Rise in Monmouth and Burling- 
ton Counties, New Jersey, and 
oases Burlington — 

he chief towns upon them are: 

a Pemberton, Mount Holly, Vin 

Jersey. centown, Eayrstown, and Lum- 
berton. Emplies into the Dela- 
ware below Burlington City. 

It passes by or near the towns of Narrowsburg and Port Jarvis 
in New \ork; Milford in Pennsylvania; Belvidere in New 
Jersey ; Easton and New Hope in Pennsylvania ; Trenton, 
.Bordentown, and Burlington, in New Jersey; Philadelphia 
and Chester in Pennsylvania; Wilmington in Delaware. It 
empties into Delaware Bay. 


8 


— 


It receives 








The Pawpacton. 





from the left 


Several lar, 


EB 
| 
| 








of four great water routes westward, with an outlay 
of 4,800,000 dols, Lines of communication of this 
nature were, in fact, rapidly pushed forward during 
the succeeding 20 years, until the inauguration of 
the railway system in this country awakened the 
people of the United States to the consciousness 
that a far better and more rapid means of transit 
than they had previously dreamt of was possible. 
Railroads had already been built in the United 
States, the first about 1809 in Pennsylvania from a 
stone quarry to a loading stage on one of the creeks 
running into the Delaware. In 1827 quite an ex- 
tensive railroad was made, conveeting some coal 
mines at Mauch Chunk, in the Lehigh district, with 
the Lehigh River. Altogether with branches and 
sidings it was 13 miles in length, and was worked 
by gravity and winding engines.. The following 
ear the first steam worked road in the United 
tates was commenced, that of the Delaware and 
Hudson Canal Company. The ‘‘ Stourbridge Lion” 
(vide ENGINEERING, vol, xxi., p. 564) was sent over 
from England, and cea upon this road on the 
8th of August, 1829. In 1828, too, the Baltimore and 
Ohio Railroad was begun, the work having been 
commenced on the 4th of July by the ‘ast survivors 
of those who signed the Declaration of Inde- 
ndence. It was on this line that the first engines 
uilt in America (by Mr. Ph. Davis, of New York) 
were set to work. ‘This was in 1831. 

As we have already stated, the State of Penn- 
sylvania had lon ng before been concerned in the 
question of railroads. In 1823, a charter was granted 

to John. Stevens, Horace Binney, and Stephen 
Girard, of Pennsylvanian celebrity, for the con- 
struction of a line from Philadelphia to Lancaster. 
Nothing came of this, however, and the scheme was 
dropped in fayour of the better-known system of 





No. Il. Taz SusquEHANNA. 

( Rises in Otsego County, oe York, near Otsego Lake, on an 

elevated table land. Enters Pennsylvania in Bradford 

County, and finally enters be meng Bay. 

f Rises in Madison County, New 

( The Shenango t — traverses —_ +" 

River, mpties into the deena, 
¢ Bingbampton, New York. 
in Stewben County, New 
York, traverses Stenben and 
re Cheming Counties, New York, 
| empties into Susquehanna at 
| Athens, 

Rises in Cambria County, Penn- 
sylvania, traverses Clearfield, 
= and is Coun- 

port, Clear- 
sed, Prutiamepete Muncy, 
Milton, Lewisburg, and North- 
umberland ; empties into Sus- 
quehanna at Northumberland. 
lt receives from right and 
left a number of creeks, some 

iderable size. 


The Chemung 
River. 


—, 


The great west 
branch of the 
Susquehanna, 


from the right 


Rises in the eastern slope the 
f Allegheny Mountains in Blair 
Bedford Counties, traverses 
Bedford, Huntingdon, Mifflin, 
Janiata, and Perry Counties, 
empties into the Susquehanna 
above Duncannon, Itreceives 
from right and left a number 
of ee some of considerable 


(Thioes on the border of Wayne 
and Susquehanna Counties, 
| traverses parts of Susque- 
hanna and Lucerne Uounties, 
passes Carbondale, Scranton, 
and Pittston, empties into the 
Susquehanna at Pittston. 
Rises in Schuylkill County, in 
the southern coal basin, tra- 
The Swatara verses Schuylkill, Lebanon, 
| Creek. } and Dauphin Counties, emp- 


The Juniata 
iver. 


A 








~ 


It receives. 





f 
The Lacka- 
wanna Creek. 





TuE SUSQUBHANNA 


ties into the Susquehanna at 
Midoletown. 
Rises in the southern corner of 





from the left 


Berks County, traverses Lan- 
caster County, passes Morgan- 
town, Churc! town, Lancaster, 
and Safe Harbour, empties 
into the Susquehanna near 
Safe Harbour. 

Rises near the eastern rilge of 
Lancaster County, empties 
into the Susquehanna above 
Port Deposit. And a number of 
smaller creeks and streams, 

It ses by or near the’towns of Unadilla, Great Bend, 

nghampton, Owego, Athens, Towanda, Tunkhannock. 
Pittston, Wilkesbarre, Berwick, Bloomsburg, Danville, 
Northumberland, Sunbury, Dauphin, Harrisburg, Marietta, 
Columbia, Port Deposit, and Havre-de-Grace, I: empties 
into Chesa: Bay, in Maryland, 12 miles south of the 

\ State live of Pennsylvania. 


water transport. Canal construction had, indeed, 
been pressed on rapidly in Pennsylvania ; in ] 824, 
the line to Pittsburgh was unbroken save for the 
short but difficult portage over the Alleghenies, a 
second water route bet tween the same terminal points 
was shortly after commenced, and a. board of State 
Canal Commissioners was organised. In 1826, an Act 

was passed for the building of the Columbia, Lan- 
caster, and Philadelphia Railroad, cen about 
the same route as that previously. proposed by John 
Stevens and his friends. Like the earlier scheme, 
too, the later one came to no practical issue, and the 
following year the State itself, convinced that works 
of this sort were beyond the scope of private enter- 
prise, resolved upon taking up the matter on behalf 
of the Commonwealth. Besides other projects, the 
Canal Commissioners, in whose hands the works of 
carrying ont these novel projects was placed, were 
instructed to lay out and contract for the construc- 
tion of a railroad from Philadelphia vid Lancaster 
to Columbia, and to examine into and report upon 
the practicability of building a line from Hunting- 
don on the east, to Johnstown on the west of the 
Alleghenies. An appropriation of 2,000,000 dol- 
lars were made for these works. From this time 
forward, railway construction was pushed on, not 
only by the Commonwealth, but also by private 
enterprise, and, of course, the same movement was 
being made in other States. Pennsylvania was 
called upon to spend 2,000,000 dollars a year through 
many years, before the main canal from Columbia to 
Hollidaysburg on one side of the mountains, and 
from Johnstown on the other to Pittsburgh was 
completed, and in 1834 the unbroken line to the latter 
place was finished by the two sections of canal and 
the line of railways—Philadelphia and Columbia, 
and the Portage road over the mountains from 
Hollidaysburg to Johnstown. — ‘The latter was built 
with a single track, and the former with a double 
line of rails. This energy on the part of Penn- 
sylvania was chiefly due to the fact that New York 
State by the completion of the Erie Canal had 
ereated an easy and unbroken line of travel, which 
opened the closed doors of the great lake to the 
Atlantic. 

This route from Pittsburgh to Philadelphia, th- 


The Conestoga 
Creek. 








The Octorara 
Cree! 











No. IlI.—Txuz ALLEGHENY RIVER. 


( Rises near the centre of Potter County, 1700 ft. above the 
sea. Traverses Potter and McKean ounties, enters New 
a ae to Pennsylvania in north east corner of Warren 
aunty, 
Venango, Clarion, and Armstrong apg to Pittsburgh ; 
where it unites with the Monongahela and forms the 0! io, 
traverses Allegheny and Beaver Counties, and forms the 
boundary between Ohio and Virginia. 
ss f Rises in Catarawgus County, New 
York ; traverses that county and 
Warren County, Pennsyl 
ratios into the Allegheny at 


arren, 
Rises in Chatauque County, New 
York, near Chatauque Lake, 
traverses Chatauque County 
—. = Erie, Crawford, and 
Counties, Pennsyl- 

|_vania passes town of Meadville, 
and a ese into Allegheny at 


Franklin. 
The Beaver Creek, | 


The Conewango { 





The French River. 


A 


from the right 


Rises ‘in north-west corner of 
Crawford County, passes towns 
of Lawrence, Newcastle, Sharon, 
and Greenville, and receives the 

Mahoning river and Neshannock 
Cresk; empties into the Alle- 
gheny at Beaver. 

Ft eon Warren pg traverses 

south east of Warren and east 

—— ge { of Mino County, empties 

He Allegheny at Tionesta. 

E in the south part of McKean 


000 ft. traverses Elk, Forest, 
and Clarion Counties, passes 
towns of Ridgeway and Clarion, 
suption into the Allegheny at 


‘oxburg. 
rRises in west of Clearfield County, 
pe ceesey one an See. 
strong Counties, passes town o 
Brookville, empties in the Alle- 
fnenys near Vanburen. 
Hises 1 the west of Clearfield 
ye oan traverses Jefferson and 


The Clarion River. 


It receives 


The Redbank 
Creek, 


THE ALLEGHENY 


The Mebmieg Counties, passes 
— wr Punxatawney and 
Nicholsburgh, empties into Alle- 
i: above Kittanning. 

in Indiana County, traverses 
Indiana and Armstrong Coun- 
ties, cinasing into heny 
below Ki 

( Rises in 2 eayorses P veserrsiny 


("ana WwW 

Co \ shanto 
- — Bolivar, ‘Sisinvilie, Johnwiown, 
and Leechburgh, empties into 

Bay at ao 
County, Virginia, 
he “yr Harrison, aod 
aon Gee Counties, and Al le- 
County to Pittsb 

poe — the Cheat and Youghio. 
heny rivers, and empties into 
the Allegheny at Pittsburgh, 

— — it forms the Ohio. 
Washington County, 
which me traverses, and the 
southern part of Allegheny 
County, passes near town of 

Washingwn, and empties in Ale. 
“ gheny 3 miles below Pitts bargh. 
Passes by or near the towns of Dendemmnete Olean, Warren, 
Franklin, Kittanning, Free 
changes its name at Pittsbu on its confluence with the Mo- 

nongahela, into the Ohio, which empties into the Mississippi 
l at Cairo inthe! State of Illinois. 
forerunner of the Philadelphia division of the Penn- 
sylvania Railroad, was a grand work, reflecting 
eredit alike on the enterprise of the "State that 
authorised, and of the engineer who constructed it. 

The Columbia Railroad was 82 miles in length, 
badly laid out, and with curves as small as 630 ft. 
radius. The gradients, however, were. easy, seldom 
exceeding 30 ft. to the mile, but reaching in one 
place 45 ft. to the mile. The permanent way ap- 
pears to have been of a somewhat mixed nature, 
part of it being of flat, and} part of edge rails, 
secured to granite blocks or to wooden ties. The 
cost of the line was about 666,000/., or 8100/. 
mile. At each end there was an inclined plane, that 
at the Philadelphia terminus having been 2714 ft. 
long, with a rise of 1 in 14.6, the total rise being 
185 ft. The other at the Columbia end was | in 
21.2, the length being 1914 ft. and the total rise 
90 ft. These planes were worked, at a very large 
cost, by stationary engines, the annual expense of 
working, maintenance, &c. of the large plane having 
been about 8000/., and that of the smaller 3500/. 
Between the planes, horses hauled the cars for two 
or three years, and the 7 performed the journey of 
82 miles in 9 hours. The first engine put on the 
road was sent from England, but she proved a 
failure and was removed. In 1836 a useful class of 
engines superseded horse power entirely. The 
motive power belonged to and was worked by the 
State, while the cars were the prope te rivate 
individuals who paid a fixed toll for the privilege 
of having their vehicles transported. 

At the terminal station at Columbia, passengers 
and freight were transferred to boats running on 
the eastern division of the Pennsylvania Canal, 
which ‘extended to Hollidaysburg at the eastern 
base of the Alleghenies, The canal itself was quite 





from the left 


= 
| 
The Crooked E 





River. 


| 
H 
L 
(a 
The Heavies E 


The Charlian [wi 
0 reek, { 
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a considerable work. It was 172 miles long, and 
cost about 3450/. per mile. There are 33 aque- 
ducts upon it, and 11] locks, the total height over- 
come being 585.8 ft. A part of this water naviga- 
tion consisted of the Jatiatasant uehanna, 
which were suitably dammed for the purpose. At 
the junction between the two, rivers. the canal 
crossed the latter, a dam being constructed across 
it, and the boats were towed on the stream by horses 
traversing a path made ona,.bridge crossing the 
Susquehanna at a height of about 80 ft. above the 
water. Hollidaysburg was, from the fact. ‘of its 
being the terminus of the canal, a central depét, and 
therefore of considerable commercial importance, 
but for many years it has declined, and is to-day 
but the shadow of its former self... The Alleghenies 
at this point vary in width from 100 to 150 miles, 
but the heights nowhere exceed 3000 ft. The:sides 
are timbered to the summits, and the steepest sides 
face towards the east. The formation of transition 
and secondary rocks with a westward dip, includes 
extensive coal and iron deposits;-which are not 
however largely worked. It, was over this barrier 
that’ the Portage Railroad was carried, some years 
after the National Road was formedsto 
the route to Pittsburgh. The Portage.tead 
over half a million sterling. It was commenc 
in 1831, and was opened for traffic on the 26th 
November, 1833, but the second line of rails was 
not laid down until two years later.. The crossing 
was located at a pass called Blair's Gap, the summit 
level of which was 2326 ft. above the sea. The 
formation width of the line was 25ft., and for a 
considerable distance it was formed entirely of side 
cutting and embankment with heavy revetment 
walls, sometimes 100 ft. high, and built with a 
batter of one-half to one. The drainage of the line 
was a matter of great trouble and expense, on ac- 
count of the heavy rainfall which not unfrequently 
swept in torrents down the mountajn side, and 
flooded the line. The, works on the railroad ‘in- 
eluded 153 culverts and 4 viaducts, and the line 
was boldly laid out skirting the edges of. precipices, 
One of the viaducts crossed the Conemaugh ata 
height of 70 ft. above the water level, There was only 
one tunnel 900 ft. long 20 ft. wide, and 19 ft, high. 
The most striking features of the line, however, 
were the inclined planes. There were ten of these 
- in the whole length of 36 miles between Hollidays. 
burg and Johnstown, five on one side of the range, 
and five on the other. The total rise and fallin 
whole distance was. 2571 ft., of which 2007 ft. were 
graded on the planes, and the remainder of the easy 
ients of the intermediate sections. From Hol- 
lidaysburg to the summit was 10 miles, and the height 
to be overcome was 1398 ft. On the other side the 
distance was 20 miles and the height 1172 ft. 
The lengths, gradient and total rise of the series 
of planes are given in the following Table. 


Tasiz No. IV.—The Portage Railroad Planes. 
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No. _|Length fifft,| Gradiont. | Height. 

ft. 

Plane No. 1 ...... 1607.74 1 in 10.71 150 
50D ccsse 1760.43 1 ,, 13.29 182.40 
» 8. 1480.25 1 ,, 1134 | ;180.50 
99h cccene 2195.94 1 ,, 11.68 187.86 
$9- - seecee 2628.60 1 ,, 13,03 201.64 
rds Pace 2713.85 | 1,, 10.18 | 266.50 
e: ieos 2655.01 | 1 ,, 10.19% 260.50 
ae 3116.92 1 ,, 10838 807.60 
95. senses 2720.80 1 ,, 14,85 189.50 
96: WD sebsee 2295.61 1,, 12,71 180.52 





The gradients between the planes varied from a 
horizontal length of .15 mile between the foot of 
plane No. 6 and the top of plane 7, and 1 in 133 for 
a length of 3.75 miles from the foot of No. 10 plane 
to the Hollidaysburg. A pair of twenty horse power 
horizontal engines were placed at the top of each 
plane. One of them sufficed to drive the’ rope to 
which the trains were attached, and thé “engines 
were driven on alternate weeks, The water supply 
for the boiler was a matter of considerable trou e 
and expense, In somie cases it was brought through 
wooden pipes from points more than a mile distant. 
The ropes for working the traffit were around 
horizontal wheels placed at'thetop and bottom of 
each plane, The upper wheels were provided with a 
powerful brake to retard the @éscent of the trains, 
and they were driven from the engine. The ropes 
at first used were 7}in. in circumference, but they 
were afterwards enlarged to 8 in., as the smaller ones 





occasionally sli from the grooves in the wheels. 
As Sends tated, the line was laid with a double 
track, and the traffic was worked so that a descend- 
ing and ascending train were always attached to the 
rope at the same time. The trains were secured 
only by a smaller rope made fast to the main one, 
at each end of the train, and secured to the coup- 
lings of the first and last wagons, and several devices 
for safety brakes were also employed, 

The following extract from the report of the 
Pennsylvania Canal Commissioners for the year 
1836, gives a clear idea of the practical working of 
this great undertaking, so long abandoned, of which 
to-day scarcely the traces remain, ‘The Portage 
Railway, however complicated in its operations, and 
limited in its capacity by inclined planes, as 
are by locks, is nevertheless adequate to the trans- 
faction of a vast amount of business, Occupying 
as it does a nearly central position on the main 
line between Columbia and Pittsburgh, the capacity 
of the planes ought to be equal to the canal locks 
on these divisions. Many suppose the planes fall 
very far short of that limit, and that their full 
capacity is nearly reached. It is, however, due to 
our commercial interest, and to the public at large, 


depistate that the maximum of that limit is very far 


rom. being obtained, The length of the largest 
plane is very nearly 3000 ft.; the time occupied in 
moving up or down is 5 minutes, the time occu- 
pied in attaching a train is 2} minutes, making 
7 minutes, or 8 ts per hour of three loaded cars, 


carrying 8 tons each, making 24 cars or 72 tons per 
hour It will oe Chearcet 


the report of the 
superintendent that the number of cars weighed 
at Holidaysburg, and transported from east to west, 
rom April 1st to October 31st, is 14,300, making a 
Soa of a. number not exceeding 100 per day; 
but instead of this number when the trade demands 
it, 24 cars canbe passed up, and the same number 
down the largest. _ in each hour, making 288 


tars each way in the day of 12hours, and 576 cars in 
onedirectionin 24 hours. fi ag ST pags Be by 
and night, with a double set of 


fan thie the true limit of the capacity of th 

Ss. is e limit of the ca: of the 
road,” ».During the six months ending October 31, 
1876, there were19,171 ome conveyed over the 
ine, and 37,081 tons of freight carried in 14,300 cars, 
Of bourse, e ia beieoon, by_ this — was 
slow. ‘Mr, Davi I son, writing in 1837, says 
with ‘reference to it: “The Pots which I lett 
Hollidaysburg at 9 in the morning, reached the 
summit at 12, where it an hour, and arriyed 
at Johnstown at 5 P.M, 7 
pied in travelling over 36, 
in ascending and d 






tion of this really great w 
of the Pennsylvanian Canal. Bon ' 

were 64 locks, 16 aqueducts, 152 bridges, and a 
tunnel 1000 feet in length. It ran through the val- 
leys of the Conemaugh and Allegheny rivers, and 
was 105 miles in length. To-day it remains wi 


nm bridges, stagnant and un- 


ruined and 
prongs «ry ea engineering.” Upon 
this journey from P. phia to Pittsburgh in 1836, 
Mr. Stephenson observes: ‘I travelled this dis. 
tance (395 miles) in 91 hours, The ayerage rate of 
travelling was therefore 4.34 miles per hour. One 
hundred and eighteen miles of this 
journey were performed on railroads, and the re- 
maining 277 miles on canals. The charge made for 
each passenger conveyed the whole distance was 3/., 
being at the rate of twopence per mile.” re 
This line was operated for twenty years, and one, 
of the most interestin gro massed oo was made 
a it, related to the facilities for orti 
f peehtd from the canal to the railway Sithout real 
ing bulk, For this purpose the canal boats were 
built in sections of convenient size, and so ar- 
ranged as to be easily detached. On arriving at the 
end of the canal where it joined the railway, the 
sections were separated, and brought upon trucks 
which were e@ up, into a train, The operation 
was reversed at the ps end of yest, the 
ms. being again united so as to form a boat, 
which was then towed up the canal. 
"The total cost of the line to the State was as 
follows : 





& 
Columbia Railroad Ses see 4,204,969 
Eastern Division of Canal we Wace 1,736,599 
— no Canal og Sf aede oro 
ortage eee oe eet 
Western Division of Canal ... 93,069,877 
14,361,328 


IRON AND STEEL AT PHILADELPHIA. 
MANUFACTURES AND WORKS IN THE UNITED STATES, 
By A. L. Hotiey and Lénox Suir. 

No. ITI.—BELG@IaN AND FRENCH EXHIBITS. 

Tue Belgian exhibits of iron and steel, at the late 
Centennial Exhibition, although somewhat limited 
both in number and in extent, were interesting and 
characteristic. The Société des Laminoirs, Forges, 
et Fonderies de Jemmapes made a fair exhibit of 
pig metal and various shapes of wrought iron, 
and the Messrs, Bonehill Freres showed a large 
number of sections of girders, channels, angles, 
&c. The Société Anonyme de la Fabrique de Fer 
de Charleroi showed merchant and plate iron, 
which although limited in amount,was effective in 
proving that good products may be got out of ores 
of very ordinary quality. Many of the specimens 
were fractured, showing a fine silky structure, and 
were twisted both hot and cold without cracking. 
The iron was chiefly puddled in the Pernot furnace, 
with the use of kryolite. Whether the kryolite or 
good careful boiling in a mechanical furnace,” 
accounts for the quality is perhaps an unsettled 
question, The Société Anonyme de Regissa ex- 
hibited iron and Bessemer steel sheets which were 
very creditable in finish, the quality of the iron being 
shown by the display of cooking utensils stamped 
from it by Messrs. Tremouroux hice, of Brussels, 
The difficult shapes of these vessels is a crucial test 
of the quality of the metal. Edouard Bonehill ex- 
hibited a considerable variety of shapes of rolled 
beams, while the Société des Aciéries d’Angleur 
made a creditable i a of axles, rails, and tyres 
of Bessemer steel, although there was no remarkable 
proof of quality. 

The Providence Iron Works exhibited a large 
number of sections of iron beams, and proposed. to 
furnish these beams at 40 dols., per ton delivered 
f.o.b. in New York, which may be considered prac- 
tical proof of the possession of good facilities for 
manufacturing these articles at low cost. The same 
establishment showed some railway car wheels formed 
of wrought-iron discs with the bosses forged on, the 
rim, upon which the tyre is fastened, being upset 
upon the disc by rolling. 

Valére Mabille exhibited some railway car buffers 
which were in respect of finish among the most per- 
fect ty forgiugs in the Exhibition. His finest 
exhibit, however, was of heavy iron forgings ;.some 
of them, difficult and complex, and all well finished, 
were displayed in the remarkable Chaudron shaft- 
sinking apparatus, which formed such a striking and 


| creditable feature of the Belgian Department. 


The Belgian iron exhibit could not be considered 
as fairly representative of this intérest in a country 
which ranks high among the iron manufacturing na- 
tions of Europe, sopecely since its most extensive 
establishment, the John Cockerill Works at Seraing, 
did not participate in the exhibit. It was, however, 
a practical display of Belgian products, and indicated 


th | excellent facilities for manufacturing the more ordi- 


nay forms of good quality and at low cost. 
he French exhibit of iron and steel products was 
more limited than that of Belgium, and contained 
none of the products of the great establishments 
which until recently contended for a share of the 
American trade—es ly those at Creusét and 
Terrenoire and that of Petin Gaudet and Co. 
Lucien Arbel, of Rive-de-Gier, exhibited a very 
in collection of locomotive and car wheels 
stamped out in one piece under a die from a pile of 
wrought iron inthe shape of a wheel. The anvil 
contains half the matrix of the wheel and the 
hammer die the other half. ‘T’he character of work dis- 


played was very superior, and judging from samples 
"4 Pe eols Ring teow sry it is evident that the forging 


‘was made with little waste, there being but a very 
small portion of the metal squeezed ont between the 
dies during the operation. The process of manu- 
facturing these forgings has recently been explained 
in detail by the inventor in a paper read before the 
American Institute of Mining Engineers. Messrs, 
Brunnow Fréres also exhibited -wrought-iron car 
wheels of somewhat different construction from M. 
Arbel’s. They are pressed out between dies by 
hydraulic power; the same establishment also exhi- 
bited some railway car buffers, which were very cre- 


ditable f showing good material and well- 
adjusted ery. 

The wnie des Fonderies et Forge de Terre- 
noire La Voulte et Besstges exhibited specimens of 


ferro-manganese containing from 30 to 75 per cent. 
metallic manganese. The company now manufac- 
tures ferro-manganese in the blast furnace instead 
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of making it in reverberatory furnaces, which was 
the practice formerly pursued. 

The iron and steel exhibits of France as a whole 
were, as compared with the exhibits of other coun- 
tries, the least illustrative of the real facilities, skill, 
and successes of the manufacturers concerned. There 
were none of the fine forgings, the excellent ship 





frames plates, and th structive steels 
rally, ‘ithe manufacture of which the’ French have 
LITERATURE. 
Applied Mechanics... By Captain ALLAN CUNNINGHAM, 
; B.E., : 1876. 
A FEW months ago* we had occasion to speak in 
terms of ung of an important 


ap robation 

and exhaustive series 0 tydraalic experiments, ini- 
tiated and conducted by in Cunningham, 
R.E,, essor of mathematics at the Thomason 
Civil ineering College, Roorkee. We are now 
called upon to review an original and comprehen- 
sive treatise on “ aeened Mechanics,” by the same 
indefatigable and able officer. 

The general of the work under notice will 
be best alheped ivan a short summary of its 

, contents. We may state, then, that in the first 
part, comprising about 150 pages, Captain Cun- 
ningham treats on Direct Stress, that is to say on 
the general laws of tension and compression, and 
their practical application to simple members such 
as ties, struts, and columns, and to framed structures 
such as roof trusses. The second part, consisting 
of nearly 300 additional pages, is devoted chiefly to 

roblems relating to transverse strength, all prac- 
ical cases receiving due attention from the simple 
bar to the bowstring girder and continuous beam. 
. To convey in the space at our disposal a fair 
idea of the amount of labour and research, in- 
volyed in the production of the present work 
will hardly be possible. Captain Cunningham’s 
style is by no means discursive, and yet he re- 
quires 500 pages for disburdening his mind. We 
must, however, call special attention to two fea- 
tures which distinguish the present from most 
6ther treatises on Applied Mechanics, the first 
being the extended application of the Clark-Max- 
well graphical mr to the determination of strains 
ed structures, and the second the treatment 
of the complex problems relating to continuous 
girders in such a manner as to render their solution 
possible to the ordinary engineering .student or 
draughtsman, 

The author states that since it is wished to make 
his Manual available as a work of reference (as well 
asa mere text-book for students), the stress dia- 
grams fora great many of the ordinary forms of 
roof trusses have been drawn to scale, and inserted 
with pening letter-press and formule in each 
case, e.may add that the application of the de- 

duced stresses in determining the proper scantlings 

of roof trusses have been duly illustrated, and in a 

manner which proves the author to be endowed 
with considerable practical knowledge, and a proper 
sense of the limitations which in certain cases attach 
to theoretical conclusions, © 

The treatment of continuous uniform beams 
hey by the author, is justly claimed by him to 
be different to that hitherto employed in English 
treatises, the theory being made to depend on the 

‘Theorem of Three Moments” (as advanced by M. 
Bresse in his ‘‘ Cours de Mécanique Appliquée”), by 
the aid of which theorem cases of uniform continuous 
beams are solyable by elementary algebra and 
geometry, Since the author himself reduces a great 

many of the results to a form at once available for 
practical men, it will besatisfactory to some to have 
the assurance of the able principal of the Thoma- 
son College, Major A. M. g, R.E., that “ the 
well-known mathematical acquirements and abilities 
of the author will be sufficient warrant that his 
original investigations and the results deduced there- 
from can be confidently accepted by the engineer. 
ession, 


Roathot oa i inSalgenee for any errata which 
may have esca: is detection, on the very reason- 
able grounds that, the work was set u chiefly by 
native compositors ig of English Under 
these circumstances ition of words and 
other mistakes are inevitable, though of course ex- 
tremely undesirable in a work of this character. 
For instance, by the substitution of the word 





* ENGINEERING, vol. xx., p. 517. 


‘‘ stronger” for ‘‘ weaker” on page 26, the author 
is made to say that ‘thick castings are propor- 
tionately stronger than thin ones,” ‘large forgings 
than small forgings, and common plate than boiler 
late.” Fortunately the Admiralty specification 
ioe first and second class plates, cited by Captain 
Cunningham later on, will a — student right 
as de the plate question. is specifications, i 
go to tl Continent he should know that ‘19 tons 
= aiuto: is read by a Belgian, German, or 
eal 


janufacturer as ** No, 2 iron,” and ‘22 tons 
uareinch” as ‘‘ No. 3 iron,” or boiler plate, which 
is worth 12 to 16 shillings per ton more than ** No, 2,” 
The erraéum is not so apparent in the case of the cast- 
ings, ially 4s the matter has been somewhat 
muddled by some ordnance riments in America 
wherein thick castings, from difference of conditions 
really were made to appear stronger than thin cast- 
ings. Great care is necessary in the interpretation of 
experiments or false deductions are inevitable; for 
instance, a few months ago Kirkaldy tested some 
boiler plate of Krupp’s, and in'every instance when 
holes were drilled in the plates the remaining metal 
sustained a higher unit strain than the undrilled 

te. Of course the explanation of this fact is not 
that drilling strengthens a plate, but that the highly 
ductile metal of Krupp cannot “flow” so freely 
when the minimum section is short in length as it 
does when the section is uniform, and so in effect 
the surplus metal in oné part of the drilled plate 
helps the weaker portion, 

4 many respects almost all engineering text- 
books are unsatisfactory to an extent which only 
young engineers suddenly placed in responsible posi- 
tions can fully appreciate. For instance, circum- 
stances frequently occur when it becomes essential 
to load an existing structure with a greater weight 
than it was designed to sustain, and the young 
engineer is then called upon to take the respon- 
sibility of possibly overloading the structure on 
one hand or of incurring a large expense in 
strengthening it on the other. Should he con- 
sult Stoney, and read ‘‘in my own practice I adopt 
a factor of safety of one-sixth, and find it satisfac- 
tory,” he will reasonably feel affronted, for the same 
thing might be said if the factor were one-sixtieth, 
What Mr, Stoney may do is a matter of profound 
indifference to engineers who want to know what 
ironwork will do, and it is the duty of writers to take 
some pains to collect facts bearin g upon thisquestion, 
How useful, for instance, might it be to our student 
to know that the cast-iron girders over the dining- 
hall at King’s College, in the words of the secretary, 
Mr. Cunningham, ‘ had stood firm and solid for a 
period of 36 years, that frequently there had been 
on public occasions great crowds assembled on the 
terrace to see the ing of processions,” and yet 
the dead load upon the girders was equivalent to 
25 tons at the centre, whilst the ascertained break- 
ing weight by experiment was 40 tons only! Again, 
refer for a moment to the question of expansion, 
The student does not require to be told that iron 
expands, he learnt that at school, but he does require 
to be told to what extent this law may be ignored 
in practice. Mr. Stoney advises sliding junctions if 
the spandril girders of contiguous iron arched 
bri are connected ether, but he has arrived 
at his conclusion by the simple process of reasoning 
that since all iron expands, and the spandril girder 
is iron, therefore it should be provided with an ex- 
5 emga joint. The student may be entrusted to 

raw such inferences himself; the teacher might have 
been expected to have informed him that such joints 
with sliding surfaces, india-rubber washers, and what 
not, were provided for the four 175 ft. spans of the 
Victoria Bridge, Pimlico, but that no movement in 
them was ever detected, and, as a consequence, when 
the bridge. was. widened no provision for expansion 
was made. Similarly, when the young engineer has 
to construct a building partly on girders, he may very 
naturally infer, as we once did, that the expansion of 
the ironwork would be sure to crack the brickwork, 
and that it would be well therefore to substitute 
timber for brickwork over the girders. Noticing, 
however, no appreciable movement in structures so 
executed, we grew gradually bolder, and finally did 
not hesitate to build an ornamental ashlar front on 
& continuous girder 120 ft. long, and construct a 
floor of iron girdersand jack arches 620 ft. in length, 
without any provision for expansion, nor has there 
ever been the appearance of the slightest crack in 
the masonry during the ten years which have 
elapsed since the work was executed. What text- 
book will assist the engineer in coming to a de- 








cision upon the very first question which presents 


itself in designing an iron roof, namely, is it necessary 
to provide for longitudinal expansion in the purlines ? 
In fact, as a rule, writers content themselves with 
elaborating obvious deductions from certain simple 
laws, while they entirely ignorethe difficulty of apply- 
ing these deductions in practice, and the impunity 
with which in many instances they may be and are 


somittedfrom “the consideration by experienced 


engineers. Captain Cunni has evidently been 
conscious of this defect in text-books and desirous 
to avoid falling into the same fault himself. 

It is far better to maintain a discreet silence than 
to give doubtful information. Latham has much to 
answer for in his treatment of the “‘ bearing area” of 
rivets in bridgework.. To what, extravagancies his 
theories may lead is well illustrated in Mr. Reilly's 
‘“‘ Studies of Iron Bridges,’’* where we have a little 
girder 22 ft. span loaded with 25 tons only—a toy 
girder in fact—put together with 2 in, rivets at the 
unprecedented pitch of 2 in. It was nothing to Mr. 
Reilly that thousands of girders were in existence, 
far more heavily loaded than his, in which the 
ordinary pitch of 4 in. had proved perfectly satisfac- 
tory—so much the worse for the facts. A single ex- 
periment would have shown him that the 2 in. pitch 
was based upon a false hypothesis. We once tested 
a couple of girders, of practically the same span and 
depth as Mr. Reilly’s, with a load of 102 tons at the 
centre of each, and yet, although the pitch of the 
# in. rivets was 4 in. as usual, there were no signs of 
permanent set, or of the rivets or the 4 in. web having 
suffered to the smallest extent, whereas the girder 
must of course have been practically destroyed with 
a far less stress if Mr. Reilly's hypothesis had been 
even approximately true. 

Similarly as regards Mr. Reilly’s pet hobby 
‘uniform stress.” At South Kensington there is 
exhibited the drawing of a little bridge 50 ft. only 
in span, which has its girders resting upon a sand- 
wich of planed bedplates, rockers, expansion rollers, 
vulcanised india-rubber, and dressed stone! Had 
the girders been of antique Venetian glass greater 
solicitude could not have been manifested. Thesecon- 
trivances to obtain theoretical as distinguished from 
practical uniformity of stress are expensive, useless, 
and unscientific. The fact is Nature abhors uniform 
stress in the sense in which Mr, Reilly understands it. 
For instance the girders in question, about which so 
much special pains have been taken to secure 
uniformity of stress, are really worse off in that re- 
spect than ordinary girders, for from certain 
peculiarities of detail it is only necessary for the 
rays of the sun to fall on the face of the girder, and 
so warm up one set of bars, to upset all the elaborate 
calculations, and impose strains of vast ¢heoretical 
importance, As an example of a piolation of that 
practical uniformity of stress which every engineer 
aims to attain we may refer to Bridge No. 2 in the 
‘* Studies of Iron Bridges” already cited. Here Mr. 
Reilly assumes that the weight upon each of the two 
wheels on a locomotive driving axle will remain 
‘* sensibly” constant, and so makes his cross girders 
of the form of a queen-post truss. Now it is hardly 
necessary to tell our readers that so long as cranks 
placed at right angles and connecting rods are in 
vogue, and so long as balance-weights for the re- 
ciprocating portions of the machinery are employed, 
the variation in the weight on the respective wheels 
will be measured by tons. Itis only necessary to 
glance at Mr. Reilly's cross girders to see that the 
consequent excess of strain per square inch 
upon the metal will also be measured by tons. 
Again the various hypotheses made by Mr. 
Reilly in his web calculations, although justified 
by many eminent authorities, would lead to self- 
evidently ridiculous results in the instance of 
longer and deeper girders. In ninety-nine cases out 
of one hundred the strength of a web is not deter- 
mined at all by the resistance of the plate to buck- 
ling. We once made to a scale of } in. to the foot 
a little model of a girder 32 ft. long, 3 ft. 6 in. deep, 
with stiffeners 6 ft. 4 in, apart. The flanges and 
stiffeners in the model were of thin wood, and the 
framework without the web was entirely destitute 
of stiffness. We then ars to the does of the 
woodwork two stri paper to represent 
the J in. plate; web of the full-sized girder. The 
model girder so pre sustained a load of 44} lb. 
applied at the stiffener nearest the centre of the 
. "The resultant “ shearing” strain upon the 
paper was 26.7 Ib. which, by experiment, proved to 

e just one-half the tensile strength of the web 
longitudinally. So much for the model. Two full 
sized girders were tested by us (eight years ago) with 

* Proc. Inst. C.E., vol. xxix. 
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a load of 75 tons at the stiffener nearest the centre, | sioners, Professor Willis, observed sometwenty-seven |SOUTH STREET BRIDGE, PHILADELPHIA 
the corresponding ‘‘ slpering’ strains on the} in. years ago, /‘ the results should convince engineers | Wx give on {14 andiS of the 4 number two 
web being 45 tons and’'30 tons. Two similar] that they have nothing to fear” from the increased | views of the South-street Bridge, Philadelphia, erected by 


girders with 3 in. web were tested with 110 tons, the 
shearing strains in this ‘instance being 66 tons and 
44 tons. The pressure was removed and re-applied 
many times over, but in no case did any buckling 
of the web occur, although the strains upon the 
flanges was 8} tons per square inch and the deflection 
nearly 2 of an inch. In fact, the thin iron web plates 
no more did their work as aseries of ‘‘ long columns” 
amenable to Gordon’s rules than did the paper web 
of the model. Itis only by a constant reference to 

ractice that the soundness of any hypothesis can 
be satisfactorily tested. If the sandwich arrange- 
ment of rockers, rollers, and india-rubber for the 
50 ft. girders be imitated by any well-intentioned 
youth, the original perpetrator of the desigi should, 
as a punishment, be interned in a terrace similarl 
bedded (for brickwork expands as well as iron, an 
we do not see how uniformity of stress can be other- 
wise spa the chairs and ts should have 
three legs only (for theoretically i6 is impossible to 
get a satisfactory bearing with four légs), . he 
should be detained in the said, terrace rie ey 
designed, say, a ship, complying’ with ‘all in 
ditions of uniform stress, or, at least, admitted that 
the engineer should not merély -content. himself 
with drawing special deductions from general prin- 
ciples, but should, in each instance, verify’ his de- 
ductions by an appeal to actual practice, and then, 
and then only, take steps to give effect to his con- 
clusions. 

It is much the same when the strength of masonry 
is in question. Mr. Stoney gives a table of “‘ working 
pressures on masonry,” which is one of the finest ex- 
amples of the scissors-and-paste method which his 
work affords, Of the only two modern examples, one 
is the Charing Cross bridge, where the brickwork is 
enclosed in an iron cylinder, and where consequently 
it might carry 1200 tons per square foot as well as 
12 tons, if the envelope were strong enough. We 
filled, one day, a light deal box with moulding sand, 
bedded a wrought-iron sleeper of about one-half the 
area of the box in the sand, and applied a pressure 
of 70 tons per square foot with no other result than 
bending the sleeper = of an inch, driving it 1? in. 
into the sand, and slightly bursting the deal box, 
but the sand carried the load without further 
settlement. According to the recent soundings 
of the Challenger the soft sea bottom off Japan 
must be subject to a pressure of 800 tons per 
square foot—in fact, there is no limit to the re- 
sistance of material to compression, if it cannot run 
away, so what is the use of misleading a young en- 
gineer by citing the pressure on brickwork in a 
certain iron cylinder, as if it afforded data of 
general —— ? How will it help him, for in- 
stance, if he wants to know how near the curve of 
equilibrium may be allowed to deviate from the 
centre of a brick arch subject to unequal loading? 
Obviously nothing at all, and we may add that we 
do not know any text-book.to which he could refer 
for assistance in such a , case. Pro- 
fessor Rankine touches upon the subject, but we 
must say, with all respectfor so ily eminentian 


ai that silence would have been preferable, 

since he instructs the student that the deviation of | ratio of length to depth)=400—point off last three 
the curve of ure should not exceed one-sixth | figures =.4 in, deflection, Captain Cunningham 
the depth of the arch ring, and adds, that although | makes it } in., but he has taken a higher mo- 
in some arches this condition is not complied with | dulus than is given by ‘joists and has over- 
the stability of such is “either now precarious or| estimated the moment ofresistance ‘of his cross 
must have been precarious when the mortar was/section. Similarly a 200-ft.“Mgridgé with girders | ; 
fresh.” Now there are hundreds of instances where | 90 ft. deep and a strain of 5 t0 rf square inch, 


this condition is not even approximately complied 
with, and on the Metropolitan Railway aione we 
have no doubt a complete compliance with it would 
have involved thousands of pounds additional ex- 
penditure. A saving has been effected, and no in- 
convenience has resulted, so Professor e's 
dictum requires closer examination. It will be 
found to involve two fallacies ; the one that ‘‘fresh” 
mortar is — of developing an ‘elastic reaction 
like so much metal; the other that the remote 
chance of the occurrence of a ibly microscopic 
and certainly harmless crack is synonymous with 
the word “precarious” when brickwork is in ques- 
tion. Bars 

When a second edition of the work under review 
is called for, we shall be glad to have the question 
of live load treated on a little more fully by Captain 
Cunningham. We are heartily sick of the ‘‘ Com- 
missioners’ report always cited by authors, and 
never in the least by any experienced prac- 
tical man, and of which indeed one of the commis. 





strain due to a rolling. load. Every old millwright. 
instinctively felt the difference between “live” and 
‘‘ dead” load, but the phenomena which engaged his 
attention were not increased deflections from sud- 
denly applied loads, but the graiiu 
materials under shocks and strane val yi 
and intensity. Herr Wohler submitted nam 
to alternations of strains invol Se in el 
upwards of a hundred million aR 
load, and he was led to conclii® 
square inch in a bar subjected 
ression and extension, is q 
couble that strain if constant & 
still resulting from a “live’’ loac 
ductions of no less practical 
tade from his invaluable réseare 
consider these in connexion\with” E 
Weber's observations, on the vatiation 
Lf 























instances 
of the 


t 
. 


on, the driving wheels of engineg.in ordinary work. |. 
ing, amounting in some instances-to..100 per.cent., 
we see at once that the ‘ Commissioners’ ” i- 
ments, on suddenly applied loads were conceived in 
& wrong spirit, that they. only tend to divert 

: s attention from th 2 \ture 


structive action of.a live ls 

og thatia reference to # 
future text-books, . 

ing the est 

problem, but M. Bresse exhauste 


0. . 
“ewe were pleased to note that Captain Cunning- 
ham has scattered “ tical remarks” about his 
work, and we think the scope of these might be 
usefully extended ina future edition. Engineering 





‘that. vein years 


students should be put through a course of what we 
may term’ “ judging distance drill” before they are 
allowéd to join their corps”. It is tly amusing 


sometimes to see how ss el y ignorant some 
really intelligent young engineers may be made to 
appear by a few common questions. Ask them for 
instance how much iron there isin a certain rail- 
way bridge, and they may guess anything from 
100 to 1000 tons. 
it out, and of course they can answer the question 
approximately, but if they had been informed in a 


‘‘practical remark” that the weight in cwts. per} 


foot run of a bridge fora double line is about 7 cwt, 
to 8cwt. per foot for thé cross girders, and about 
one-tenth of the span in feét for the main girders, 
they would have been able to say at once with pro- 
— quite as near an approximation to the truth, 
an would be about 18 ewt. per foot run, and if 
200 ft. about 28 cwt, per foot run. Ask them again 
how much.a certain steel. rail will take to it, 
and in nine cases out of ten they will look béwil- 
dered, yet it is only necessary to remember that at 
5 ft. bearings the breaking weight is abont equal to 
1000 times the weight of the rail in et bs wut 
yard. Equally easily remembered ruleg to 
the deflection of girders. Take Contig 
ham’s example of a joist 20 ft. long 1 
under its working load, what will be the deflec- 
tion? Answer—20 ft. span x 20 (which is’ the 





would deflect 20010=2.000 in. if uniform in sec- 
tion and the load be applied in the middle, and one 
anda half times that amount of the metal be re- 
duced everywhere in proportion to the strain. By 
a judicious system of this ‘* judging distance” drill, a 
oung engineer would be spared much ch 

fn the future should he wanes 8 be costic 
clutches of an opposing counsel; who, he may be 
sang; ‘Will 6: vowel’ make him We 

ignorant pretender. 

Captain Cunningham has taken then, we think, a 
step in the right direction in scattering ‘‘ practical 
remarks” about his 8, and no one dispute 
that he has done good service to the profession, in 
illustrating so completely the subject of the 
graphical determination of stresses and the strains 
on continuous girders, 





Give them a day or two to work |» 


the weight of-iron in the bridge if 100ft, in} 


possible look “an | 







> 
the late Mr. John W. Murphy. The bridge‘commences at 
the intersection of Chi and South streets upon the 
eastern side, to the hig und of the Almshouse property 
beyond the Junction West Chester Railroads on the 
west side of the river, connecting with Spruce-street. The 
entire length of the structure is 1934 ft. 7 in., consisting 
of two fixed spans 195 ft. 8 in. each, and a draw 198 ft. 2 in. 
in length, supported by a pier at each end of the draw and 
one in the centre to receive the pivot. Each end pier is 
formed by two columns of cast iron 8 ft. in diameter, cast 
in sections 10 ft. in length, 1} in. thick, with inside flanges 
2% in. wide, by 1} in. thick at top and bottom of each sec- 
tion. The flanges are pierced with holes 5 in. apart, from 
centre to centre, to receive 1} in. bolts. The bottom flange 
is omitted in the section forming the bottom of the column, 
when in position, for greater facility in Fagg ing the soil. 
This end is not bevelled, as is generally done, but left square, 
so as to retain the full value of the thickness of the onium 
for a i on the rock, each section weighing 
about 14,600 lb., averaging seven sections to each sg 
ig pivot, or centre pier, is formed by a cluster of nine 


weet A pg in the centre supporting the pivot 






















ft. a a ns circle of cig . ayy nee 

diameter, ying. t on which the draw 
revolves. This viele to 36 ft, Hs diameter from out to out, 
whilé the lumng are placed with their centres directly 
under the main chords of the making them 36ft. apart 
: centre to centre; and at angles to the centre line 
‘ # of 77 ft. on each side in tho 

: = , average 10,800 lb., 
. These columns were 
Wy made from cold 

mable material for 


placed in ‘position by the use of 
by the plenum pneumatic process, 


by » in —_ a coal shaft 
¢ Loi t~ M4 through a stratum of 

sand, “&c., overlying the coal stratum at the Bridge of 
Macon, by John Hughes, at the Rochester Bridge in 
at Kehl, on the eas rder of France, in 











































‘and 
tral bridge ores the Rhine, but more commonly 
Bid" posuatis cylinders,” Mr. Margi introloset o 
pneumatic cylinders,’ Mr. Murphy introduced a 
more economical air-lock than was rene. used, which 
enabled the workmen to pass from the normal atmosphere 
outside the column, to the denser atmosphere of the interior, 
to prevent the escape of the compressed air while so 
d ’ adopted, for the first time, brackets in 
and extending clear round the whole inner circum- 
ce of the bottom of the column, and secured to its side 
uf 1¥i. tap bolts, and to the rock by four bolts 18 in. 
pifox wedges at the lower end, and thread and 
thereby adding much to the stability of the 


‘ necessary on account of the small 
‘holding ground for the cylinders, overlying the 
the Schuylkill, at the site of the bridge, is a mi- 
8) , undulating in surface, with overlyin; 
tough, compact mud, intermingled wit 
. 1 ders. Lying directly on the rock, con- 
quantities of driftwood were found, its appearance 

reat age and a long o tion of its present posi- 

‘he average depth of this, m material is about 
the western pier columns, diminishing to only 5 ft. 
pier, At the draw the thickness is about 


7 Sy ' 
bridge is 198 ft. 2 in. long from 
23 ft. wide between cen of 
of 6 ft. Sin. in the clear, 
to out 39 ft. 4in., equal 
of the pivot cluster of columns sup- 
centre, two water ways of 
point f: ™ ° h 
rom . (the 
to 89 ft. 4 in, is saluctenals tes 
width of 55 ft. would have made 
uot only a wider span, but also a much longer draw span 
Gaeeemery_tomane, of th, egereneals ot narigntze) 

enormously ly vi eat (bein 
now nearly 400 tons), and involving Gieatinonl dinsendlons 
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he two permanent spans, 
but modified in section and position of members, so oop 4 


meet the duties required, namely, as a bridge supported on 
a pivot at its centre when opened for passing saoel, and 
as (which practically it becomes) a permanent span when 


The piyot on which Mr. 
of two smovth lubricated surf 









arranged 
From the large 
p fistributed load would 
have about square inch. This was a 
feasible plan, and perhaps the most economical way of 
solving the problem. But this was c to a pivot 
sities “whlch ta now woking solisiasloapi< tie oaks 
8, W is now wor' sa! + The enti 

ey Rhee directly by the stone filling of the central 
6 ft. cylinder ; an ment of radial arms with wheels 
under the circular curb (rhich is 82 ft. in diameter) which 
prevents any undue ti of the span when open or during 
the ing or closing of the span. 

The width of the approaches is 55ft., consisting of carriage- 
way 35 ft. wide, and two footways 10 ft. wide on each side. 
The eastern approach is 518 ft..10 in. in length, i ing 

oO 








Scrnp1an Strate Raruway.—A portion ofthis line has 
been opened for traffic. 


consisti 
of 363 ft. 6 in. of broken range asblar retaining wall 
sandstone, and 114 ft.6in., being three conoidal or flae 
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STEAM TROLLY FOR THE OUDE AND ROHILKUND RAILWAY. 
CONSTRUCTED BY MR. JOSEPH GREEN COOKE, LOCOMOTIVE AND CARRIAGE SUPERINTENDENT. 
(For Description, see Page 10.) 


1 


7 
a? 


a: 
_* 
[ 


arches of original design, composed of brick with stone 
rings and a granite abutment of 40 ft. 10 in., with pilasters 
_ The western approach is 826 ft. 6 in. in length, consist- 
ing of 87 ft. 4 in. of regular range ashlar retaining wall of 
pt ye -_ ee ft. 9 in. - u 
ported iron columns over the Ju 
and West Chester Inelineae to an abutment of 62 ft. 4 in. 
in length, and thence by nine brick arches 43 ft. 6 in. 
span, from centre tocentre, with stone rings, 391 ft. 3 in. 
long, with granite piers, to a granite abutment of 40 ft. 10 in., 
same character as eastern abutment. 

The contract price for the bridge was 770,000 dols., but 





the ice breakers or fenders for the centre pivot pier of the 
draw span formed an extra contract, for which Mr. 
Murphy received 65,000 dols. additional. In conclusion we 
should state that for the descriptive 5 ig above given 
we'are indebted to a memoir of the late Mr. Murphy written 
by Mr. W. Barnet Le Van, of Philadelphia, to whom we 
are also indebted for the photographs from which our illus- 
trations have been prepared. 








Frencu [ron Imports.—The total imports of pig and 
cast iron into France in the first eleven months of last year 
were 169,000 tons. The ing imports in the corre- 
sponding period of 1875 were 174,500 tons. 





ee 


ITALIAN RatLway ExTENSION.—The two following lines 
have been recently opened in Italy: Vicenza to Schio and 
Fiene ; Cirie to Lanzo. 


THE LONDON ASSOCIATION OF FOREMEN ENGINEERS 
AND DRAUGHTSMEN.——The 25th annual meeting of the 
London Association of Foremen Engineers and Draughts- 
men is appointed for to-morrow (Saturday) night, at the 

i oF Arts. The President (Mr. N ) will deliver 
, the election of offi year will 

follow, and the auditors willthen present the wnce- 
and thei for the last half-year. The chair will be 
taken at 7 o'clock. 
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APPARATUS FOR BURNING CRUDE PETROLEUM IN LOCOMOTIVES, 


DESIGNED BY MR. THOMAS URQUHART, LOCOMOTIVE SUPERINTENDENT, GRIAZI-TZARITZIN RAILWAY, RUSSIA, _ 


UP 
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Fig.7. 













































































Although successful from an engineering point 
of view, yet the use of perdyem on locomotives 
dogs not pay commercially in Russia. In.1874 
the price of petroleum on the Volga was 40 kopecks 

pood, or about 18d. per 861b. On a trial with 
a train of 30 empty covered wagons weighing about 
176 tons and taken up an incline of 1 in 125, the 
consumption was about 2 poods per yerst, or about 
1091b. per mile, a quantity too great. to warrant 
the adoption of such.a system. At the same time 
circumstances may arise in which petroleum, may 





WE annex engravings showing arrangements for 
burning crude petroleum in locomotives, designed 
by Mr, Thomas Urquhart, the locomotive super- 
intendent of the Griazi-Tzaritzin Railway, on which 
line the apparatus has been successfully used. The 
rapid construction of railways in Russia during 
late years has given rise to a proportionate in- 
crease in the price of wood fuel, while the mineral 
resources of the country have not yet been snfii- 
ciently developed to enable the railways to be 
supplied with coal in large quantities: It was 
under these circumstances that Mr. Urquhart was 
asked by Mr. Xloodinoff, the managing director of 
the above-named line, to design an apparatus for 
burning crude petroleum, this petroleum being 
found at Baku on. the Caspian Sea, and transported 
by water up the Volga to the terminus of the rail- 
way at Tzaritzin. 

The arrangement of the apparatus will be readily 
understood from our engravings. From the general 
view, Fig. 1, it will be seen that the crude petro- 
leum or naphtha refuse is carried in portable tanks | to which the petroleum has access, and it thus injects 
placed on the tender, these tanks being connected to each | a spray of petroleum into the firebox. As will be seen 
other, and also to a flexible pipe leading to the engine. from Fig. 3 provision is made for taking in air mixed with 
Figs. 2, 3, and 4 show the arrangement fitted to the fire- the steam. 
box, while Fig. 5 is a section of one of the jets drawn to| On several occasions when the apparatus was first tried 
a larger scale. From these views it will be seen thatthe | gas explosions occurred on the firing door being opened, 
firebox is fitted with five parallel pipes, which spring from | these explosions being accompanied by a loud report and 
a cross pipe at the rear of the firebox, this cross pipe | large volumes of flame rushing from the firehole. Such 
receiving a supply of petroleum by the pipe leading from | explosions, however, can, of course, be avoided. When 
the tender, as shown. Below each of the five parallel | running, steam is maintained very easily. When standing, 
pipes above mentioned is a co: mding steam pipe, | much smoke is sometimes made, but when running and 
each steam pipe being fitted with four jets of the con- | with a fair draught sufficient air is taken in to consume 
struction shown in Fig. 5. From this view it will be seen | the smoke properly. The water in the ash serves to 
that each steam jet is surrounded by an annular passage | receive any drops of petroleum which may leak over. 








be profitably used by locomotives running. in the 
neighbourhood of oil wells, and for this reason. the ex~ 
perience of Mr. Urquhart is of much interest. 





Tue AMERICAN Navy.—A monitor named the Mianto- 
nomah has been launched at Chester, Pennsylvania. . Her 
extreme eS Fs ee ee m, 55°ft. ; 
and her depth of hold, 17 ft. $ 


WxsterRn AUSTRALIAN TELEGRAPHY.—A line. of tele- 
graph of considerable length is being carried out. between 
estern Australia and South Australia. On the Western 
ion of the line, there were 500 miles of line 
poled, and three stations erected at the date of a recent official 
report, leaving about 250 miles of wire, and two stations, to’ 
be erected. The South Australian section of the line has been 
completed to Fowler’s Bay, a distance of 530} miles ;' the 
has also erected 30 miles. of line west of Fowler’s 
Bay, and poles and wire have been carted as-far as Fallo- 
ware. Itis that the line will be opened throughout 
between the two colonies by. the close of April, 1877 


New York Cenrrat RaRoav.—The total length of 
ingle track owned a py 
miles. 


bene 
Com] is ie ‘weight of the rails on 
the main teach, 8 steel, is 65 Ib. per y Thé company 
has 61 engine houses and shops, 557 locomotives, and 8 
dummies, 416 first-class passenger ¢ars, 83 sécond+class and 
emi t ot 215 ge, mail, 5 an oben and 
15,310 freight cars. run pas- 
senger trains in the your ending ber 30,1876, was 
4,743,485 miles, by freight trains 9,278,266-miles,.and by 
switch and work trains 4,224,856 miles; making an 

gate of 18,246,607 miles. The av Tate of of 
ordinary passenger trains, when in motion,‘ was'iast year 
80 miles per hour ; of express passenger tra i 
hour ; and of freight trains 15 miles per honr:*~ The weight 
of the freight trains averaged 400 tons. ~ ~ “> ° 
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GERMAN MARINE ENGINES. 


We publish with the present number a double-page 
engraving of the ete rey engines of the German 
ironelads Kénig Friedrich der Grosse and Grosser Kur- 
first. The former vessel was built in the Government 
yard at Kiel (from the designs of Herrn Geheimrath Koch, 
the chief constructor of the German Navy,) and had her 

fitted there; the latter is now in ess of con- 
struction at Wilhelmshaven. The Kénig Friedrich is a 
double turret vessel very like the Monarch. Her prin- 


cipal dimensions are : 
Metres. Feet. 
t 298.2 
93.4 306.4 
15.86 52.0 
6.86 22.5 
es pe . 4117 tons (German) 
Her armament consists of four 26-centimetre (10.24 in.) 
guns, two guns of 17 centimetres (6.69 in.), and fou™ 
8 centimetres (3.15 in.) 

The engines are of a type well known in this country, 
although now almost superseded, along with many others, 
by compound engines; the type, namely, in which three 
equal and independent cylinders are used, placed side by 
side, and working cranks set at 120 deg. apart. This 
arrangement of engine (with trunks instead of return 
connecting rods) has been advocated in Germany by the 
engineer-in-chief of the German Navy, Herrn Geheimrath 
Coupette, to whose energy is dye much of the progress 
now being made in marine i g in his country. 
The type has consequently been much used there in 
vessels of war. It allows the whole machinery to be very 
simple and straightforward, but (as we have found out 
tong enough ago) it cannot compete as regards economy 
in the use of steam with the compound type. 

In our engravings, Fig. 1 is a section through the 
middle cylinder—looking forward—and Fig. 2 a plan of 
the whole engine, with a section through a part of the 
valve gear. The cylinders are made with separate liners, 
} in. space being left for jacketting. The slide valves are 
treble-ported, and on account of their length the end por- 
tions of their flanges are made quite separate from the body 
of the valve, but connected to it by links and held against 
the face by light springs. These long valves are found 
to wear more truly when made in this way than when 
all in one piece. The valves work on faces which are 
separate from the main easting, and each is worked 
from a crosshead by double rods. Each valve chest 
has its own steam branch, but only the outer cylinders 
have exhaust pipes, the exhaust from the middle cy- 
linder being arranged to pass over both of the outer 


ones. 
The design and arrangement of the framing will be re- 
ised at once by English engineers as very familiar. 
sell’s valve gear, once used so much by Maudslay, is that 
employed, This gear is so well known that it is not 
necessary that we should describe it here, while the con- 
structive details of this particular example of it are clearly 
shown in the engravings. Combined steam and hand 
starting and roversing gear is fitted, the starting engine 
being a little double-cylinder vertical engine shown in 
Fig. 1, The spur wheels and frame of the valve gear are 
ced by the counterweight upon the vertical screw 
(Fig. 1.) This weight is shown in its lowest position, 
the little arm upon it being in contact with the lower of 
two collars upon a light hanging rod. In its uppermost 
position it comes into contact with the upper collar, and 
these (by means of the levers and rods shown in Figs. 1 
and 2) form a self-acting stop gear. 

The two surface condensers are quite separate ; they are 
placed on the starboard side of the vessel, the starting 
engine and platform coming betweeh them. Each has its 
own air pump (horizontal double-acting) worked direct 
from one of the main pistons. The feed pumps are 
worked by separate rods, the arrangement being shown in 
Fig. 2. The two circulating pumps are centrifugal ; they 
are driven by a pair of vertical engines (with cylinders 
19 im. in diameter WY — in. stroke) between them. 
These engines are fitted with expansion valves. The cir- 
evlating pumps are made to draw either from the sea or 
bilge and pump into the condensers, or, when required, 
direct overboard through separate valves. The bilge 
pemps are placed forward of the engines, and worked by 
a rocking lever driven by a connecting rod from the end 
of the main shaft. Hand (gab) gear is provided for 
di; connecting these pumps. 

The following are the principal dimensions, &c., of the 
engines, given in English measurement : 


Diameter of cylinders 
99 trunks ... sa 
Fffective diameter of cylinders 


Heating surface in ney | 


17,736 sq. feet 


Grate surface ,, ;; 
ame des on Sts feet 
Indicated horse power 5400 eatbe 

The whole machin has been constructed by the 
Mirkisch Schlesische hinenbau und Hiitten Actien 
Gesellschaft (of Berlin and Tegel) from the designs of 
Herr Jiingermann, the “technical director” of the 
company. This firm is at present making, we under- 
stand, eight or nine pairs of large engines of the type 
illustrated for the German Navy, as well as a pair of 
oscillating engines of 3000 horse power for the imperial 
yacht building in a private yard at Kiel. These latter 
engines we shall illustrate shortly. Herr Jiingermann 
was engaged at one time with some of our principal 
marine engineering firms on the Thames, and was known 
here as an engineer of great ability. Since returning to 
his own country he has devoted himself with great and 
acknowledged success to the improvement of its marine 
engineering. The constructive details of the engines of 
the Konig Friedrich are in many respects admirably 
worked out. 
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STEAM TROLLY. 

We give on page 8, two views, prepared from photo- 
graphs, of a novel form of steam trolly constructed by 
Mr. Joseph Green Cooke, the locomotive and carriage 
superintendent on the Oude and Rohilkund Railway. Of 
the two views, the upper one represents the trolly placed 
on the line of railway ready for travelling, while the 
lower one shows it in course of removal from the rails to 
admit of the passage of an expected train. The trolly is 
capable of being removed from the line by three men in 
50 seconds, and for that purpose is formed in three parts ; 
namely, 1, the fuel and water boxes; 2, the boiler, frame, 
engine, and om pair of wheels ; and 3, the leading wheels. 

In removing the trolly from the rails, the front end is 
lifted, and the small turntable or pivot is let down, and 
rests upon the ballast, as shown in the lower view on 
page 8. This operation leaves the leading wheels 
standing upon the rails; the man who raised the front 
end of the trolly then removes the wheels from the rails, 
and the two other men remove the fuel and water boxes 
from the other end. The men then return to the trolly, 
and pull it off the line, having previously turned it on 
the turntable or pivot at right angles to the rails, as 
shown in our illustration. 

The trolly has one steam cylinder only, this being 3} in. 
in diameter and 6 in. stroke, and the connecting rod 
being coupled direct to the one end of the driving axle. 
The boiler is constructed on the Field system, and is 
similar to the Field boilers adopted by Messrs. Merry- 
weather for their steam’ fire engines, with the exception 
of the chimney, which in this case is outside, and not 
through the centre of the boiler. There are 12 square feet 
of heating surface composed of 36 Field tubes. The 
working pressure is 100 1b. to the square inch, and the boiler 
is fed by a pump worked by hand, as shown in our illus- 
tration. The diameter of the wheels of the trolly is 2 ft., 
and the speed, in fair weather with seven persons, is from 
18 to 20 miles per hour ; against a heavy wind, the trolly 
has done as much as 10 miles per hour. 

The boiler maintains steam perfectly. It weighs when 
empty 156 Ib., and contains from 3 to 3} gallons of water. 
The fuel box and water tank together weigh when empty 
50} Ib., and will carry 50 Ib. of charcoal and 6 gallons 
of water. 

Each pair of wheels with their axle weighs 85 Ib. 
The engine weighs 45 1b., exclusive of the crank and axle, 
and the total weight of the trolly in running order is 9 cwt. 
3 qrs. 11 Ib. The water tank is too small for a long run, 
but with the addition of a leather “ mussok,” which the 
water carriers use, arun of 15 miles can easily be made. 

The object of this trolly is to enable resident engineers 
who have long lengths of open railway to took after, to 
inspect their works with rapidity without being obliged 
to travel by train. This trolly has been only an experi- 
mental one, and Mr. Cooke considers that many improve- 
ments can be made, should others be built, particularly 
in the boiler, which in its present shape is not economical, 
owing to the absence of water round the firebox, and the 
consequent loss of heating surface. The arrangement for 
removing the trolly from the line of railway has worked 
so satisfactorily, that more weight may be added, without 
taking in the least degree from the efficiency of the trolly. 
As will be seen from our illustrations, the whole of the 
arrangements are very simple and the general details of 
the design are well worked out. 








FOREIGN AND COLONIAL NOTES. 

Protection of Inventors —A meeting of American in- 
ventors has heen held at Philadelphia with the view of form- 
ing an association to aid and protect inventors in the asser- 
tion of their patent rights. The idea is to form an organisa- 
tion which will sp throughout the United States, and 
by which inventors will be enabled to learn anything of 
interest and advantage to them. 


Paris.—The new Hotel de Ville at Paris is not 
to be inangurated before 1879. The Prefect of the Seine 
has, however, given orders that most external work 
shall be com by the end of 1877. thi 


expected 





visitors to the Universal Exhibition of 1 





under their eyes the ruins to which the old Hotel de Ville 
was reduced in 1871. 


The German Navy.—The German ironclad frigates 
Frederick Karl and Kronprinz have received orders to 
leave the Mediterranean and to Wilhemshaven. 
The last-named vessel will probably return to her old station. 


American Raihways.—Steps are being taken to open a 
new trunk line between New York and Chicago and the 
south-west at an early day, vid the Canada Southern Rail- 
way. A continuous line will also be established to Logans- 
port, Indiana, and thence to Lafayette, St. Louis, Omaha, 
&c. The Boston and Albany and the New York Central 
i Companies are stated to be engaged in a move- 
ment to secure the control of the Hoosac tunnel line. 


Gas in Belgium.—The profits realised in 1875-6 by the 

ian General Company for Lighting and Heating by Gas 
amounted to 63,2011., or 69701. more than the correspond- 
ing profits for 1874-5. The profits thus expanded last year 


to the extent of 12 cent. although the sales of gas 
effected only inasensel § per cent. 

A New River.—A new river has been discovered at Trinity 
Bay, Queensland. It is navigable within one mile of the 
ascent of the range on the road to the Hodgkinson, thus 
saving the crossing of any other rivers between Trinity Bay 
and the Mitchell river. 

Antipodean Telegraphy.— The Eastern Extension 
Pen ma ot mg and Chi Si Company has submitted 
2 pecgeenl to the Secretary of State for the Colonies to 
lay aduplicate cable between Penang and Rangoon. A con- 
ference of representatives of the various Australian 
colonies is to be held shortly to consider the whole 
question of telegraphic communication between the group 
and Europe. 

Steel Rails in Germany.—Contracts are about to be let 
for the supply of the steel rails required for 12 miles of 
line on the , ee and Altona tramway; and for the 
supply of 3430 tons of steel rails for the Westphalian Rail- 
way. 

The Belgian Coal Trade.—The advent of cold weather 
may, perhaps, give some impulse to the demand for 
domestic qualities of coal in Belgium. The general aspect 
of the Belgian coal trade must be said, however, to be dull ; 
the iron trade is consuming less and less, and prices are 
stationary. 


The East River Bridge.—The fifth and last of the cradle 
cables of the East River Bridge at New York has been 
stretched from tower to tower. The cradie was drawn 
across the river by a carrier rope worked by an engine at 
the New York anchorage. The next work will be the 
stretching of the several cables to the proper deflection, so 
that above the middle of the river they will hang about 
68 ft. below the tops of the towers. The two storm cables 
will then be placed in position, after which work will be 
begun upon the foot-bridge. 


New South Welsh Coal.—Mr. Hall, of East Maitland, 
New South Wales, has been sinking for coal near the 
borough pasturage reserves, and not far from a spot where 
a similar work was prosecuted some time since. Mr. Hall 
commenced by putting down a shaft to a depth of about 
60 ft.; but finding — but hard rock, difficult to pene- 
trate, he resolved to try the less expensive method of boring. 
At a depth of about 75 ft. from the surface a seam of coal 
was recently struck. The thickness of the seam has not yet 

n ascertained, but specimens of coal brought to the sur- 
face indicate that the quality is better than thatof a seam 
worked in the same locality some years since. 


Queensland Railways.—The sanction of the Queensland 
Parliament is to be solicited for the construction of. the 
following railways in that colony : From Warwick to Stan- 
thorpe and the Benden, from Comet to Emerald Downs, 
from Maryborough to Gympie, and from Bundaberg to 
Mount Perry. Sanction is to be also applied for for the 
completion of an extension from to Roma. 


Railroads in Winois.—The total length of main line and 
branches in the State of Illinois is 7276 miles. This total 
presents an increase of 168 miles, as compared with the last 
annual return. The total number of stations in the State 
is 1432, and of junctions 321. 


The French Coal Trade.—In consequence of the dulness 
of the French coal trade, the extraction is about to be re- 
duced in the Nord and the Pas-de-Calais. 


Victorian Railways.—The Avoca line has been opened 
by his Excellency the Governor. It is 15 miles in length, 
and forms an extension of the Maryborough line. 


American Telegraphy.—The net profits of the Western 
Union Telegraph Company for the quarter ending Sep- 
tember 30, 1876, amounted to 833,770 dols., or 37,178 dols. 
in excess of the estimate. Mr. Jay Gould is talking of 
establishing a company for transmitting short telegrams at 
25 cents (say 1s. English) per telegram. 

A Great American Bridge.—A bridge over the Ken- 
tucky river on the line of the Cincinnati Southern Railroad 
is rapidly approaching completion. The bridge is 1125 ft. in 

h, Ae it is divided into three spans of 375 each, and 
286 ft. above the water. 


Belgian Enterprise —M. Demonceau has succeeded M. 
Philipport as managing director of the Belgian Railway 

ion Company. 

Bridging the Murray.—The South Australian Govern- 
ment is now throwing a great bridge across the Murray. 
The iture made upon the bridge, and its approaches 
to the close of September 1876, was 68, It is expected 
that the total outlay upon this interesting and important 
work will be something under 100,000/. Bridges are 
at present somewhat rarities in connexion with Australian 
rivers. 
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CONTINUOUS BRAKE TRIALS ON THE NORT 















































| 
1 | Reference numbers to diagrams... 2)\,3 1/5 || 
- S.V.|W.A. sfv.lu 
2 | Speed of train in miles per hour at moment of ee of brakes 29.5 30 | 40 | ¢ 
3 | Number of seconds occupied in making stop... oe ode 17.25} 13 | 20.25) | 
4 | Number of feet run in making stop - ee 480 | 328 | 740 | 5 
5 | Percentage of efficiency of Vacuum - Dita with Automatic (time perry in iabitee stop) 75.4 7 
6 | Percentage of efficiency of Vacuum compared with Automatic (distance run in making stop) ...| 6 74.3 
7 | Foot-tons of energy in train eagecpens influence of wheels at moment when 
brakes were applied. . ve ee vee .| 5036 | 4995 | 9256 | 8 
8 | Mean resistance in tons offered A. stop... oe ose -/10. 411 fi 15.23 [12.507 | 1¢ 
9 | Retarding power of brakes in pounds per ton deduced from distance run after eppliation of| 
brakes (excluding influence of wheels) ... eee eee 204.1 $161.51 |21¢ 
10 | Retarding power of brakes in pounds per ton, deduced from time ntinstehs in sation stop be 9 
ohare of wheels) ese ove eee ooo ose ese ee-|169.82 |235.4 [199.02 |25% 
il tarding pow er of brakes in pounds per ton deduced from distance run 
after E Oplication of brakes (including influence of wheels) ove --+|146-31| 221-9 |175-84! 23 
12 ing power of brakes in pounds per ton deduced from time Agnes in — stop 
Cineleding influence of wheels)... eee eee ooo ooe|184.47 [256.6 [216.56 |27' 
13 | Retarding power of brakes in pounds per ton of load resting on wheels fitted with ieciheis de- 
duced from distance run (including influence of wheels) ia és one o++/166.52 |258.8 [192.00 |27! 
14 | Retarding power of brakes in pounds per ton of load resting on wheels fitted with brakes, de- 
duced from time occupied (including influence of wheels) ... ove eee e-|209.80 |299.2 1246.48 |32% 
15 | Percent. of reduction in speed after application of brakes in running from 0 ft. to 100 ft. ooo} 0 5.28 62 
16 | Speed of train after brakes had been applied over 100 ft. (miles per hour) ---| 29.5 | 28.25} 39.75} 3: 
17 | Foot-tons of energy in train after brakes had been applied over 100 ft. 5036 | 4429 | 9130 | 87 
18 | Per cent. of reduction in speed between 100 ft. and 200ft. after brakes had been applied 6.74 | 20.8 3.75) § 
19 | Reduction in foot-tons of energy after brakes had been applied over 100 ft. 0 556] 126) | 
20 | Foot-tons of — -caspmes influence of si haas absorbed vat brakes in a over the 
first 100 ft. .. bes oe 0 617 }137.3 ] 
21 | Retarding power of brakes in mesatiie per ton in running over the first 100 ft. «| © | 76.14] 17.84) 1: 
22 | Speed of train after brakes had been applied over 200ft- (miles per hour) ---| 27.5 | 22 | 38-25) 36 
23 | Foot-tons of energy in train after brakes had been applied over 200 ft. 4362 | 2686 | 8454 | 7: 
24 | Per cent. of reduction in speed between 200 ft. and 300 ft. after brakes had been applied 14.41 | 30.0 5.62) 1: 
25 | Reduction in foot-tons of energy after brakes had been applied over 200 ft. 674 | 1743 | 676 | 1: 
26 | Foot-tons of energy ‘em influence of rae absorbed 7 brakes in oe between 
100 ft. and 200 ft. os ‘ ese +++|734.6 | 1900 [736.8 | 1 
27 | Retarding power of brakes in silaili per ton in running between 100 ft. and 200 ft. 95.13 [234.5 | 95.41 |19 
28 | Speed of train after brakes had been applied over 300 ft. (miles per hour) ---| 23-25) 13 | 36.00) 3: 
29 | Foot-tons of energy in train after brakes had been applied over 300 ft. 8116 | 938 | 7489 | 5: 
80 | Per cent. of reduction in speed between 300 ft. and 400 ft. after brakes had been ais 19.15} 43.3] 8.75) 1 
to stop 
81 | Reduction in foot-tons of energy after brakes had been applied over 300 ft. 1246 | 1748 | 965 | 1: 
82 | Foot-tons of energy gare influence of —_ absorbed i brakes in ne between 
200 ft. and 300 ft. * +++|1859.1 |1905.4 ]1051.8 | 2¢ 
83 | Retarding power of brakes in ins per ton in running between 200 ft. and 300 ft. +++|176.6 | 235.1 4136.20} 2% 
34 | Speed of train after brakes had been applied over 400 ft. (miles per hour) 17.5 32.5 | 2 
85 | Foot-tons of energy in train after brakes had been applied over 400 ft. 1760 6088 | 3 
86 | Per cent. of reduction in speed between 400ft. and 500 ft. after brakes had been — +-«| 59.79 12.25 | 2 
to stop 
87 | Reduction in foot-tons of energy after brakes had been applied over 400 ft. «+-| 1356 1401 | lf 
88 | Foot-tons of energy epee influence of — absorbed a d brakes in essepege between 
300 ft. and 400 ft. ee 1478 1527.3) 1! 
89 | Retarding power of brakes in cotta te per ton in running between 300 ft. and 400 ft. o++| 192.1 198 }24: 
40 | Speed of train after brakes had been applied over 500 ft. (miles per hour) 27.5 | 1 
41 | Foot-tons of energy in train after brakes had been applied over 500 ft. eee 4362 | 1 
42 | Per cent. of reduction in speed between 500 ft. and 600 ft. after brakes had been applied oes 13.75) 4 
to: 
48 | Reduction in foot-tons of energy after brakes had been applied over 500 ft. 1726 | 2 
44 | Foot-tons of energy (including influence of peste absorbed 7 brakes in pe between 
400 ft. and 500 ft. ps 1881 | 2] 
45 | Retarding power of brakes in tie per ton in running between 400 ft. and 500 ft. 244.3 | 2¢ 
46 | Speed of train after brakes had been applied over 600 ft. (miles per hour) we 22 
47 | Foot-tons of energy in train after brakes had been applied over 600 ft. eos | 2805 
48 | Per cent. of reduction in speed between 600 ft. and 700 ft. after brakes had been applied 17.5 
49 | Reduction in foot-tons of energy after brakes had been applied over 600 ft. “a oon 
50 | Foot-tons of energy (including influence of wheels) absorbed si brakes in —— between 
500 ft.and 600ft. —... “ : e : wee | 1697 
51 | Retarding power of brakes in sai per ton in running between 500 ft. and 600 ft. . “| .. 1219.76 
52 | Speed of train after brakes had been applied over 700 ft. (miles per hour) -.-- 15 
58 | Foot-tons of energy in train after brakes had been applied over 700 ft. ‘s 1300 
54 | Per cent. of reduction in speed between 700 ft. and 800 ft. after brakes had been spplied om See os Eat! 
to stop 
55 | Reduction in foot-tons of energy after brakes had been applied over 700 ft.. oo] aX 1505 
56 | Foot-tons of energy (including influence of See absorbed by brakes in malnapecy betw reen| 
600 ft. and 700 ft. eee : , ‘ eo iook * ieee 1640 
57 | Retarding power of brakes in caides per ton in running between 600 ft. and 700 ft... eee $168.9 
58 | Speed of train after brakes had been applied over 800 ft. (miles per hour) see] on 
59 | Foot-tons of energy in train after brakes had been applied over 800 ft. one} 
60 | Per cent. of reduction in speed between 800 ft. and 900 ft. after brakes had been applied 
61 | Reduction in foot-tons of energy after brakes had been applied over 800 ft. os - ‘ 
62 | Foot-tons of energy (including influence of ites absorbed by brakes in ae between} 
700 ft. and 800 ft. ose eco on oe eve oe 
63 | Retarding power of brakes in pounds per ton in running between 700 ft. and 800 ft... | 
64 | Speed of train after brakes had been applied over 900 ft. (miles per hour) 
65 | Foot-tons of energy in train after brakes had been applied over 900 ft. ove eee eee 
66 | Per cent. of reduction in speed between 900 ft. and 1000 ft. after brakes had been applied _... ae 
67 | Reduction in foot-tons of energy after brakes had been applied over 900 ft. eee os. its 
68 | Foot-tons of energy (including influence of oe absorbed phe brakes in running between 
800 ft. and 900 ft. eve ose ove ove ese ose ° 
69 | Retarding power of brakes in pounds per ton in running between 800 ft. and 900 ft. is ‘F 
70 | Speed of train after brakes had been applied over 1000 ft. (miles per hour) --- - ‘ 
71 | Foot-tons of energy in train after brakes had been applied over 1000 ft. ove a 
72 | Per cent. of reduction in speed between 1000 ft. and 1100 ft. after brakes had been ite a ‘ wis 
73 | Reduction in foot-tons of energy after brakes had been applied over 1000 ft. eve ° 
74 | Foot-tons of energy aes influence of — absorbed - brakes in hee in oe 
900 ft. and 1000 ft. : ; eee eee ° 
75 | Retarding power of brakes in cecil per ton in running between 900 ft. and 1000 ft. id - oot ° 
76 | Speed of train after brakes had been applied over 1100 ft. (miles ons hour).-- - a at 5 « 
77 | Foot-tons of energy in train after brakes had been applied over 1100 ft. : ee eee ° 
78 | Per cent. of reduction of speed between 1100 ft. and 1200 ft. after brake had been mayan P id 
79 | Reduction of foot-tons of energy after brakes had been applied over 1100 ft. ods 
80 | Foot-tons of energy (including influence of wheels) absorbed by brakes in apps between 
1000 ft.and 1100 ft. ... “a sol oe ons . 
81 | Retarding power of brakes in east per ton in running between 1000 ft. and 1100 ft. : ee ‘a roe 
82 | Speed of train after brakes had been applied over 1200 ft. (miles per hour) we | aes 
83 | Foot-tons of energy in train after brakes had been applied over 1200 ft. a 
84 | Per cent. of reduction in speed between 1200 ft. and 1300 ft. after brakes had been applied ‘ts ea 
85 | Reduction in foot-tons of energy after brakes had been applied over 1200 ft. ~~. ae _ ies pe 
86 | Foot-tons of energy (including influence of er absorbed sty brakes in dieses between 
1100 ft. and 1200 ft. ... ove o 
87 | Retarding power of brakes in ear per ton in running between 1100 ft. and 1200 ft. ° ove 
88 | Speed of train after brake had been applied over 1300 ft. (miles ost hour) --| . oe “ 
89 | Foot-tons of energy in train after brake had been appiied over 1300 ft. eco eco o 
90 } Per cent. of reduction in speed between 1300 ft. and stop ie ei jaa ane ” 
91 | Reduction in foot-tons of energy after brakes had been applied over 1300 ft. ese 
92 | Foot-tons of energy (including influence of wheels) absorbed by brakes in ie between| 
1200 ft. and 1300 ft. ... ees oe vs] oo * eee es 
93 | Retarding power of brakes in pounds per ton in running between 1200 ft. and 1300 ft. cool ese ove eee * 








ORTH BRITISH RAILWAY: TABLE OF RESULTS. 


| { 
5 |516/]4114/) 4/15|61]7/] 619/71/1 
of lwea. S.V.|W.A.]S.V. | W.AJS.V. |W.AJ S.Vv.IW.AIS.V. |W. S. 





12] 11 | 10] 13) 14 
W.AJS.V> |W.A.TW.A.|W.A- 


<b 








40 | 40 40 | 40 | 40 | 40 | 49.5 | 49.75] 49.5 149.75/49.5 | 50 | 54 
20.25; 16 | 23 16 | 22.5 | 16 27 19 | 26 | 19 | 27 | 18.75] 28 
740 | 550 | 860 | 550 | 810 | 550 |1250| 798 |1175 | 798 | 1195| 777 |1310| 952 |1375| 910 | 1172 | 1158 
7 | .. $5] .. [711] .. $74) . Cee Bee | 2. 09S | A, 8 oe 
74.3 otis 63.9 es 67.9 ds 63.8 éso 67.9 a 65 mee 72.6 ae 66.2 


54 | 55 | 55 | 56 | 54 
21 | 28 | 21 | 26 | 26.25 


9256 | 8880 9256 | 8880 | 9256 | 8880 -sssleanel lca ee 16,184}17,450|16,789}17,405|16,184 
12.507} 16.14]10.762| 16.14]11.427) 16.14 [11.325| 17.2 [12.048] 17.2 [11.847 |17.85 ]12.861/17.00 }12.682/18.44 | 14.9 | 18.97 


161.51 |216.4 |137.81|216.4 }147.55 216.4 [146.41 |230.7 151.56/280.7 [153.13 |239.8 ]166.27 226.9 }164.34\247.3 199.1 [187.3 





199.02 |255.0 4177.39 |255.0 ave wis 187.00 |267.0 [194,19 |267.0 [187:00 |272.0 [196.71 |262.3 1200.35 |267.2 [219.7 |209.8 
175.84) 235.8 |150-85| 235.8 ome 235.8 |158.24) 250-3 1168.33] 250.3 |165.51|260.8 |179-63| 247.2 177.54) 269.5] 215.9] 204.2 


216.56 |277.5 [193.41 |277.5 |197.33|277.5 [203.5 |290.6 9211.32 /290.6 (203.5 [296.0 [214.07 |285.8 = 290.8 [239.4 |228.7 


| 


| 
192.00 |275.0 [170.83 |273.8 [181.52 |273.8 [180.33 291.9 [191.51 291.9 [188.30 304.1 )204.45 |288.3 ]201.41/814.8 ]251.8 |238.2 














} 
246.48 /323.6 [219.00 |323.6 [224.58 |323.6 [231.61 |838.9 Si leis bor. 845.2 243.56 |333.3 [248.11 /339.1 [279.2 [266.7 


62} 62] 62] 62] 63) 63] O| S|] 0] 60] .50/ 5 | 46) 139] 45] cog 1.8] .091 
39.75 | 39.75] 39.75 | 39.75 | 39-75 | 39-75} 49-5 | 49-5 | 49.95) 49.5 | 49.25 | 49.75] 53.75 | 53.25] 54.75/ 53.75] 55 | 53.5 
9130 | 8769 | 9130 | 8769 | 9130 | 8769 ]14,159 |13,599] 14,008 13,599] 14,003} 13,76] 16,680] 15,737] 17,294] 16,084] 16,789]15,886 

8.75| 8.75] 1.25) 688] 1.87|/ 6.88] 5 | 402] 50 | 402] Lol) 35] .92| 231] 1.86] 3.18] 3.12] 2.78 
126 | 111] 126] 111] 126) 111] © | 187] 156] 187] 156/ 139] 160] 447] 156] 755] 616] 298 
137.8 | 121 fis7.3 | 121] 187.3} 121] © | 149] 170] 149] 170| 151 fi74a | 487] 170] go3] 672] 395 
17.84| 14.93] 17.84| 14.93] 16.78| 14.93] 0 | 1888] 29%1| 18.38] 22.01 | 18.69] 22.58| 60.09] 22.01 |101.8 | 82.5 | 40.1 
38.25 | 36.25] 39.5 | 37 39 37 | 49.25) 475] 49 | 475 /48-75| 48 |53.25|) 52 54 52 | 53.25) 52 
8454 | 7293 | 9005 | 7598 | 8789 | 7598 |14,008 |12,522] 18,848] 19,529) 13,733 19,787 16,385] 15,007] 16,825] 15,007] 15,787| 15,007 
5.62| 12.5 | 3.10] 10.0 | 2.50} 100] 1 | 8.04) 161] 8.04] 151) 9.5 | 1.85] 6.95] 1.82] 727] 3.03] 5.55 
676 | 1476 | 125 | 1171 | 341 | 1171 | 156 | 1077] 155 | 1077] 270| 949] 295 | 730] 469 | 1027] 1052] 879 


736.8 | 1609 |136.2 | 1976 | 871.7| 1276 | 170 | 1174] 168 | 1174 | 294.8/ 1034 [321.5 | 796 [511.2 | 1119 | 1146 | 958 
95.41 |198.5 | 17.60|157.5 | 48.13| 157.5] 22.01 144.9] 29.90 144.9 | 38.11 |197.5 | 41.63| 98.2 | 66.2\198.1 1141.4 |118.2 
36.00 | 31.25] 38.25] 33 | 38 | 33 | 48-75| 435 |4895| 43.5] 48 | 4325)52.25| 48.25] 53 | 48 | 515 | 49 
7489 | 5420 | 8454 | 6044 | 8334 | 6044 [13,733 |10,502] 18,465] 10,502) 18,314! 10,382] 15,762) 12,921] 16,207] 12,787] 14,720] 18,825 
8.75| 14.37] 5.00] 18.12] 7.50) 18.12] 1.51] 7.08] 2.52] 7.03] 2.52| 10.5 | 1.85] 6.48] 1.82] 9.09] 5.90] 4.68 


965 | 1873 | 551 | 1554 | 455 | 1554 | 270 | 2020] 383 | 2020] 419 | 2405] 623 | 2086] 618 | 2290 | 1017 | 1682 


1051.8| 2041 } 600.6 | 1694 | 496 | 1694 | 294.3] 2202 J417.5 | 2202 1456.7 | 2621 | 679 | 2274 |673.6 | 2490 1108 | 1833 
136.20 | 251.8] 77.78) 209.0] 64.23 | 209.0] 38.11) 271.7] 54.06 /271.7 | 59.15 |823.4 | 87.83 | 280.6] 87.23 |298.6 [136.7 |226.2 
32.5 | 25.5 | 36-25) 25.75] 35 | 25.75] 48 | 40 | 47 | 40 [46.75| 38 [5125/4475] 52 | 43 | 4825) 46.5 
6088 | 3609 | 7602 | 3680 | 7064 | 3680 }13,314| 8880 [12,752 | 8880 | 12,642) 8014 | 15,148) 1114 | 15,592) 10,262} 12,921] 12,000 
12.25} 21.25] 9.37] 23.12] 9.87) 32.12] 2.52) 10.05] 6.06 | 10.05] 5.05) 9.00] 5.09] 7.87] 3.64] 7.27] 5.80] 6.02 


1401 | 1811 | 852 | 2464 | 1270 | 2464 | 419 | 1622] 718 | 1622} 672 | 2868] 614 | 1807] 615 | 2525 | 1799 | 1825 


1527.3| 1974 | 928.7] 2686 | 1880 | 2686 | 456.7| 1768 1777.2 | 1768 |732.5 | 2581 | 669 | 1969] 670 | 2752 | 1962 | 1444 
198 }248.6 [120.26] 331.5]179.92| 331.5] 59.15) 218.2]100.64 |218.2 | 94.85 |318.5 | 85.95 /243.0 [141.86 |889.5 [242.0 |178.2 


27.5 | 17 | 32-5 | 16.5 |31-25| 16.5 |46.75| 35 | 44 | 35 | 4425) 33.5 | 48.5 | 405] 50 | 39 | 45 | 43.25 
4362 | 1604 | 6088 | 1511 | 5635 | 1511 [12,642| 6798 [11,220| 6798 |11,815| 6228 | 13,566) 9104 | 14,425) 8441 111,288] 10,882 


13.75| 42.5 | 11.25| 41.95) 11.85| 41.95] 4.04| 11.05] 4.04] 11.05] 4.04| 12.00] 4.63| 7.41] 4.55] 7.27] 6.24] 6.02 


to stop to stop to stop 
1726 | 2005 | 1516 | 2169 | 1429 | 2169 | 672 | 2082 | 1582 | 2082 | 1327 | 1786 | 1582 | 2010 | 1167 | 1821 | 1688 | 1618 


1881 | 2185 11652.4| 2169 | 1558 | 2169 | 732.5| 2269 | 1670 | 2269 }1446.4;| 1946 | 1724 } 2191 | 1271 ; 1985 | 1884 | 1768 
244.3 | 269.6]213.98] 299.5] 202.4| 290.5] 94.85) 280 | 172.0; 280 [187.3 |240.0 [222.04 |270.4 | 165.2| 245 [296.8 |217.5 











22 ode 28 - 126.5 | ... 144.75] 28-57 42 | 28.5 | 42.25) 27.5 | 46.25) 3651475 | 35 | 41.5] 40 
2805 | ... | 4515] ... | 4044] ... $11,560) 4508 [10,178] 4508 }10,293| 4197 ]12,348| 7894 113,008] 6798 | 9558 | 8880 
17.5 ow | 13.75) ... $15.00! ... 5.55 | 15.08] 6.56] 15.08] 75.75) 15.00] 6.02| 12.04] 4.55] 12.72] 6.24} 5.08 
1557 1571 | ... | 1591 | 1082 | 2290 | 1047 | 2290 | 1022 | 2081 | 1218 | 1710 | 1417 | 1643 | 1680 | 1502 
1697 | ... [1612.4 1734.2 1179.4 | 2497 | 1188 ( 2497 | 1114 | 2218 [1384.3| 1864 [1544.5| 1794 | 1833 | 1637 
219.76| ... 4208.84 224.58 152.73 |308.1 }138.61 |808.1 [144.26 |273.1 | 178.1} 280 | 200.01|221.4 [226.2 |202.0 
15 | « 1235] .. 2905] 42 | 21 |38.75| 21 |3850; 20 43 30 45 28 38 | 37.25 
1300 | ... | 2926] ... | 2424] ... [10,193| 2447 | 8666 | 2447 | 8575 | 2220 [10,662| 4995 [11,684 4851 | 8014 | 7701 
37.76| ... | 15.62] ... | 2688] ... 7.07 | 42.23] 7.57|4243} 7.07; 40 6.02 | 12.96] 5.46| 14.54] 5.80] 8.80 
to stop | to stop to stop | to stop 
1505 ane 1579 is 1620 ae 1367 | 2061 | 1507 | 2061 | 1718 | 1977 | 1682 | 2899 | 1324 | 2447 | 1544 | 1179 
1640 | ... | 1721] .., J 1765) ... [1179.4| 2246 | 1642 | 2246 ]1872.6| 2155 }1833.4| 2615 1443.2) 2667 | 1683 | 1286 
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16.25} ... 10 cco 1 OOO 1. ons 35 UF 35 «-» 139.75| 23 | 42 20 | 34.75) 32.5 
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40.04| ... 126.00) ... TOTS <sa 10.1 inbes 8.08; ... 6.48 | 14.81] 6.82) 23.63]11.61| 7.41 
to stop to stop 
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to stop to stop to stop \to stop 
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CONTINUOUS BRAKE TRIALS ON THE NORTH BRIT. 


No. 2. Smith's Vacuum Brake. 
Boiler pressure on application of ejector 
” ” when ejector was shut off 


Vacuum ose 


No. 3. Westinghouse Automatic Brake. 


Pressure in air reservoir ... Pa sida 


No. 5. Smith's Vacuum Brake. 


lb. 
Boiler pressure on application of ejector .. 14 
om >» when ejector was shut off ow. 14 
Vacuum _ 18 in. 

No. 5. Westinghouse Automatic Brake. 
Pressure in air reservoir ... = Get ie 





No. 6. Smith's Vacuum Brake. 


Ib. 
Roiler pressure on application of ejector ... 144 
% - when ejector was shut off ... 144 
Vacuum ... " 18in. 
No. 4, Westinghouse Automatic Brake. 
Pressure in air reservoir on oe a & 





No. 14. Smith’s Vacuum Brate. j 


Pele pressure on application of Ib. No. 4. Westinghouse Automatic Brake, 


ejector sa See Ib. 
Boiler pressure when ejector was shut Pressure in air reservoir oe a 
Vacuun ... “an. “a 






—ipe meme 
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No. 12. ; 


Boiler pressure on applica 
” »» When eject 











No. 15. Smith's Vacuum Brake. | No. 6. Westinghouse Automatic Brake. No. 

Ib. Ib. 
Boiler pressure on application of ejector ... 140 | prossure in air reservoir... aa 0 iin enema at 
ro Pa when ejector was shut off 137 eee a - 


Vacuum ai .. 17in, 


No. 18. Westinghouse Automatic Brake. 


Ib. 
Pressure in air reservoir on ‘ion a eS 


Note.—This stop was made from the Experimental 
Van against engine working with usual degree of ex- 
pansion. 











LEADING PARTICULARS OF TRAIN FITTED WITH SMITH’S 









































Vacuum Brake. 
Weight of Train. 
Engine. Tender, | Carriages. | Cmge, | Ve Vans, Passengers. Total. GENERAL PARTICULARS OF ENGI 
tons. | tons cwt. Vy ~~ = om. tons. tons. ft.in. ; Posit 
38 at 10 2 173 Number of coupled wheels... .. 4 
Diameter of wheels wuss 6 6 | «Cian 
Number of Wheels. 
. Distance between coapled wheels ae Strol 
| 6 32 16 on | 62 Distance from centre of anne. wa 
Hite a | to centre of bogie pin ... 9 8% Heati 
Number of Brake Blocks. Number of wheels in bogie eco exe 4 | 208 t 
whee Ks & eae Diameter ” ” ove ose ow 2 9 Firet 
4 6 | 32 | 12 ae | 5 
SE ACR. TER Pe 7 — tons cwt. 
en Weight on driving wheels ‘ein wa 4& 9 Gra 
Number of iron blocks .. «. 42] Weight of ne eutintind 3 ll 
» Wooden blocks |. 12 “ 9 . 9 14 ” ea ¥ - = eS 
Total weight unbraked 23 5 — Bs -» 
Proportion of weight braked to unbraked 149.75: 23.25 


or portion braked=86.55 per cent. of total weight 
of train. 














No. 7. Smith's Vacuum Brake. 
Ib 
Boiler pressure on application o 


Boiler pressure when ejector was 
shut off ... te ose ove. ae 
Vacuum «+ 19} in. 


No. 6. Westinghouse Automatic Brake. 


Pressure in air reservoir ... 901b. 


No. 9. Smith’s Vacuum Brake. 
Boiler pressure on application of Ib. 


ejector... ove ia . 144 
Boiler pressure when ejector was 
shut off ... ss pre oo. 148 
Vacuum eee 192in. 


No. 7. Westinghouse Automatic Brake. 


Pressure in air reservoir ... .-- LOL Ib. 








No. 12. Smith’s Vacuum Brake. 


Ib. No. 12. Westinghouse Automatic Brake. 
2 on application of ejector “i ks we 14 Ib. 
when ejector was shut off _... es ... 142 | Pressure in air reservoir ... we dss ase ee “cs; ee 
Vacuum as dis ... 18 in. 








No. 11. Smith’s Vacuum Brake. No. 10. Westinghouse Automatic Brake. ms 
Ib 

sressure on application of ejector .. 08 | Pressure in air reseryoi ae i = ni ae | 
Vacuum... ‘as ee: ++. 20in. 


No. 14 Westinghouse Automatic Brake. 
Ib. 
Pressure in air reservoir rw evo eis i “on 


Note.—This stop was made from the Experimental 
Van against engine working under full steam. 






































LEADING PARTICULARS OF TRAIN FITTED WITH WESTINGHOUSE 
AvuTomaTic BRAKE. 
Weight of Train. 
3 OF ENGINE FOR EACH TRAIN. Engine. Tender. | carriages. | Vans. Passengers. | Total. 
in. } Position of cylinders ats “és a ... lnside tons. tons cwt, tons. cwt. tons. cwt, tons. tons. cwt. 
38 21 10 85 2 19; 18 2 166 10 
| in. 
| 6 | Diameter eo one oa ove ese 17 
7 | Stroke ob ak ee Humber of Whesle. 
| 8 | 6 36 | 8 | a | 58 
| 8% | Heating Surface : 
| : sq. ft. 
208 tubes 1g in. in. diameter= ... eco in a Numt of Brake Blocks. 
| 9 | Firebox ow ons “ss aie on one 87 
Wt a aie + . | a6 4 | “ 50 
3 
Grate area ... eee ooo ese one ow 15.75 
} tons, cwt. 
| All brake blocks of iron. Weight of engine unbraked 13 11 
” train ” 9M 
Total ... no - 
Proportion of weight braked to unbraked 143.25 : 23.25 
or portion braked=86.02 per cent. of total weight 
of train. 
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“FRIEDRICH DER GROSSE” 
CONSTRUCTED BY THE MARKISCH SCHLESISCHE MASCHINENBAU UND HUT! 





(For Descript: 














































































































RIAL GERMAN IRONCLADS 
OSSE” AND “GROSSER KURFURST.” 

HUTTEN ACTIEN GESELLSCHAFT, FROM THE DESIGNS OF HERR JUNGERMANN. j 
Description, see Page 10-) 
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COAL CARGOES. 

Tue history of the recent inquiry by Royal 
Commission into the causes of the spontaneous 
combustion of coal in ships, and into the remedies 
which it may be possible to adopt for preventing 
and guarding against such occurrences, is full of 
instruction, and merits more than a passing notice. 
During the last few years considerable alarm has 
been felt by the shipping community at the com- 
parative increase in the number of casualties arising 
from coal ships taking fire. Official inquiries were 
held, but little or no good came of them, and the 
question seemed to be surrounded by much darkness 
and obscurity. 

From a correspondence, appended to the Report 
of the Royal Commissioners, which took place be- 
tween the Board of Trade, the Committee of Lloyd’s, 
and the London Salvage Association, it appears 
‘¢ that in April, 1874, the Board of Trade decided 
to hold no more inquiries, under the Merchant Ship- 
ping Act, into casualties caused by explosions or fire 
in coal-laden vessels, for the reason that the finding 
of their courts, which invariably took the form of an 
exoneration of the ship’s officers and a recommenda- 
tion in favour of better ventilation, appeared to be 
entirely disregarded both by shipowning and under- 
writing interests.” The Board seemed to think that 
sufficient inquiries had taken place to establish the 
necessity for better ventilation, and that it was time 
the shipping interests took the matter up, and that 
‘+ some serious steps should be taken by those who 
own, manage, and insure these ships and cargoes to 
profit by the facts already proved, and tosecure the 
safety of their vessels by better ventilation, by the 
provision of means for extinguishing fire, and by 
caution in the description and condition of the coal 
shipped.” Unfortunately however—or we should 
ser say fortunately as matters have turned out— 
those concerned in the coal trade could not be brought 
to believe that ventilation was the cure for the evils 
which every one sought to remove, and hence their 
apparent obstinacy or indifference in view of the 


unvarying verdicts of the Courts of Inquiry. And 
the owners and shippers went on the good broad 
ground that before ventilation was preached casual- 
ties from spontaneous combustion were less frequent, 
and that in the more recent cases ventilated ships 
suffered oftener than those which were not ventilated, 
even when the other conditions of loading and 
description of coal appeared to be the same. 

In view of these facts the Salvage Association and 
Lloyd’s pressed the Board of Trade not to drop the 
matter, as they had decided to do, but rather to 
institute a more thorough and complete investigation 
into it than had yet taken place. The Salvage 
Association pointed out that the Courts of Inquiry, 
hitherto held under the direction of a justice of the 
peace and two assessors, were not so constituted as 
to command the confidence of those concerned in 
the coal trade, and were not calculated to elucidate 
so difficult a subject. The secretary of that Asso- 
ciation, writing to the Board of Trade, says: ‘The 
Committee are afraid that the facts which you men- 
tion as having been proved at such inquiries are 
generally considered as only discussed, and the real 
facts remain too uncertain for it to be possible 
that the Committee should hope they will constitute 
the warning you desire.” And he goes on to suggest 
that an investigation should be held by men of high 
scientific attainments, especially with regard to the 
nature and applications of coal, combined with 
persons practically acquainted with coals in the pit 
and in the ship’s hold. This proposal was concurred 
in by the Committee of Lloyd’s and by the Board of 
Trade, and it led to the appointment of the Royal 
Commission whose report is now before us. 

Perhaps no circumstances could better justify the 
appointment of a Royal Commission than those we 
have set forth. Here was a vast trade in which life 
and property were being sacrificed from casualties 
of a specific form, apparently within the reach of 
science, and those casualties were rapidly increasing. 
Meanwhile the ordinary official sources of inquiry 
had failed to find a means of prevention, or at least 
one that commended itself to the judgment of those 
primarily interested in the matter. A scientific 
commission was therefore obviously the kind of 
body to take the matter up. The Commission as 
selected was one of the best constituted Royal Com- 
missions for the work it had to do that we have 
seen for along time. With Dr. Percy, F.R.S., &c., 
and Professor Abel, F.R.S., among the members of 
the Commission, it became a matter of almost 
absolute certainty that the chemical conditions 
under which spontaneous combustion could take 
place would be thoroughly understood, and not only 
understood, but be explained in a manner simple 
enough to be understood by the people concerned 
fin the coal trade. 

On the other hand, with such men on the Com- 
mission as Sir George Elliot, Mr. H. Hussey Vivian, 
Mr. George Duncan, and Mr. John Fenwick, it was 
equally certain that the practical aspect of the 
question would be well attended to, and that the 
Commission would not fail from want of ‘‘ men 
acquainted practically with coal both in the pit and 
in the ship’s hold.” 1tisreally cheering to meet with 
a Royal Commission appointed to do certain work, 
and doing it without any arriére pensée, without 
political objects to serve, awkward questions to 
shelve, or time to be gained to put off an evil day, 
or postpone a crisis, Let any one compare the 
inquiry of this Coal Commission with that of the 
Unseaworthy Ship Commission, and he will soon 
perceive the difference to which we allude, In the 
one case will be found a direct and hearty effort to 
get to the bottom of the subject, in the other a 
determination not to get to the bottom, but to prove 
the depth unfathomable. It must not, however, be 
understood that we agree with everything done and 
said by the Coal Commission. On the contrary, 
there are points to which we must take exception, 
and we shall refer to them hereafter. 

The first efforts of the Commission were directed 
to the collection of information bearing on the 
general condition of the export coal trade, the 
methods of shipment employed in different parts of 
the country, the means of ventilation adopted, and 
the particulars of the casualties that had occurred so 
far as they were obtainable. ‘The report says: ‘‘ We 
requested the Committee of Lloyd’s to prepare for 
us a return which would show the number of coal 
shipments, and the quantities of coal shipped from 
British to foreign ports in 1874, dividing the ship- 
ments according to their destination, classifyin 
them according to the tonnage of the cargoes, an 





assigning toeach group of shipments the casualties 





that had arisen from spontaneous combustion,” 
These returns involved much labour, and they are 
extremely valuable. From them and from other 
sources of information it appears that the export of 
coal from this country is steadily increasing, ‘In 
1873, 12 million tons were sent. out of the country ; 
inj1874nearly 13} millions ; and, notwithstanding this 
exceptionally large increase, last year shows a 
further advance of half a million, or a total export 
of nearly 14 million tons.” Of these about three- 
fourths are destined for European ports, A tabular 
statement is given by the Commission, showing the 
relative amounts shipped in each of the years 1873, 
1874, and 1875 from the Tyne, the Wear, the Bristol 
Channel, the Mersey, the Scotch ports, and the 
Yorkshire ports. Analysing the return prepared by 
Lloyd’s, it was found that the casualties divided 
themselves in two distinct directions which prove 
instructive upon examination, It became at once 
clear that far the largest proportion of casualties 
occur on long voyages, voyages beyond the Euro- 
pean or Mediterranean or Black Sea ports, and also 
that casualties are relatively more frequent in large 
vessels—or rather large shipments—than in small 
ones. Deducting the European trade (which in- 
cludes all ports in the Mediterranean and Black Sea), 
and arranging the shipments for 1874 in order of 
size, the following figures are given : 

2109 shipments, with cargoes under 500 tons in which 5 

casualties occurred, or under } per cent. 

1501 shipments, with cargoes between 500 and 1000 tons 

in which 17 casualties occurred, or over 1 per cent. 

490 shipments, with cargoes between 1000 and 1500 tons 

in which 17 casualties occurred, or 3} per cent. 

308 shipments, with cargoes between 1500 ond 2000 tons 

in — 14 casualties occurred, or over 4} per 
cen 
77 shipments, with cargoes over 2000 tons in which 7 
_ casualties occurred, or 9 per cent. 
The hizhest proportion arose in vessels bound to 
San Francisco. cargoes of 500 tons and upwards 
9 casualties occurred out of 54 shipments, sy out of 
five ships with cargoes of over 20U0 tons sent to the 
same place in 1874, two suffered, 

Under the heading of ‘‘ Thorough Ventilation” 
statistics collected by the Commission are set forth 
decidedly against ventilation. ‘Of the 70 vessels 
that suffered in 1874 none are reported as not having 
been ventilated, while 38 are distinctly stated to have 
been ventilated, 35 of them being vessels over 500 
tons. But the most startling illustration is furnished 
by the cases of four vessels, the Euxine, Oliver 
Cromwell, Calcutta, and Corah, These ships, to 
which reference was made by several of the wit- 
nesses who appeared before us, were loaded under 
the tips at Newcastle, at the same time, with the 
same coal, and from the same seam, sometimes one 
ship being under the tip and sometimes another. 
They were each carrying from 1500 to 2000 tons of 
coal, The Euxine, Oliver Cromwell, and Calcutta 
were bound for Aden, the Corah for Bombay. The 
first three ships were thoroughly ventilated, the 
fourth was not ventilated atall. The Euxine, Oliver 
Cromwell, and Calcutta were all totally lost from 
spontaneous combustion, The Corah carried her 
cargo safely to Bombay.” A similar illustration is 
afforded by the two ships Theresa and Anglia loaded 
with the same kind of coals, The Theresa was ex- 
tensively ventilated and was totally lost by spon- 
taneous combustion, while the Anglia was not venti- 
lated and delivered her cargo safely. The coals 
were from the same pit and had been on board the 
two vessels about the same time. 

These facts taken alone speak most powerfully 
against ventilation, but when taken in connexion 
with the scientific report of Dr. Percy and Professor 
Abel (to which we must recur) the matter is placed 
beyond the shadow of doubt, and it amply justifies 
the opinion of the Commission that the pressure re- 
cently put upon owners and masters to adopt 
systems of thorough ventilation for coal cargoes in- 
creased the risks, and it is enough perhaps to ac- 
count for the slight tinge of wrong contained in 
their remark that they fear ‘‘ the statutory inquiries 
held during the last few years under the Board of 
Trade, with uniform result in favour of ventilation, 
have not been so ineffectual as that department be- 
lieved, but that, on the contrary, they have proved 
powerfully influential in a dangerous direction,” 





THE LOAN COLLECTION OF SCIENTIFIC 
APPARATUS. 

Tue Loan Collection of Scientific Apparatus was 
closed on Saturday, December 30th. Daring the 
eight months it remained open, it was fairly 
patronised not only by the students of science, but 
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by the general public. It had never been supposed 
that an endless stream of visitors would have flowed 
through its galleries ; but the fact that the directors 
were induced to prolong the exhibition four months 
beyond the time originally appointed for closing, 
clearly shows that their anticipations in the matter 
of attendance were not only realised but surpassed. 
Had the undertaking proved a fiasco as some of the 
wiseacres of the dally press had predicted, the 
failure would have emphatically proved the gross 
ignorance that pervades the mass of the people and 
the urgent necessity of providing some such per- 
manent establishment for their instruction. Although 
the numbers recorded by the tell-tale are evidences 
that we are not wholly involved in Cimmerian 
darkness, still we think their comparative paucity 
is an eloquent index of the intellectual status of the 
people, and a cogent argument in favour of in- 
augurating some scheme for raising the standard of 
popular scientific education. 

e must not fancy because we have sent the 
Challenger to the South Seas and the Alert in quest 
of the North Pole, that we have thereby met all 
the claims of science ; and that we may now, with- 
out incurring the censure of our contemporaries or 
the just reprobation of the following generation, 
allow our people to remain ignorant of the al 
nomena that surround them and the physical laws 
that govern them. 

Vigorous efforts are now being made on the 
Continent for the diffusion of scientific knowledge : 
shall we then complacently fold our arms and be 
passive spectators of this progress? If, through 
our supineness, we have relinquished the lead, shall 
we not try at least to emulate the activity of the 
pioneers of the movement? We cannot remain 
stationary. We must either follow in the wake of 
those who have taken the advance, or consent to see 
the distance that separates us from them yearly 
increase. The time te action has come. Let this 
action then be prompt, energetic, and commensu- 
rate with the wants and aspirations of the public. 

The originators of the n Collection—all of 
whom are men eminent either by their attainments 
in science or by their social position—keenly felt 
this want, and we believe it was their intention to 
make the galleries of the South Kensington not only 
a resort for the science student but a school for the 
instruction of the masses. We can scarcely sup- 
pose they would have gone to all the trouble and 
expense attendant on the formation and maintenance 
of the Collection merely to gratify the curiosity of 
the many by a rapid inspection of historical instru- 
ments as well as of the later appliances for illus- 
trating the more recent advances in science. They 
certainly contemplated an ulterior object, which the 
Collection was intended to subserve. Competent 

ersons were to be stationed in the various sections 
or the sole purpose of explaining the instruments 
under their charge, cheap guide-books were to be 
repared by the best authorities, and courses of 
ectures were to be given by distinguished professors 
in order to facilitate and supplement the work of 
instruction. 

We do not think it easy to elaborate a plan better 
adapted to promote the object in view, namely, the 
popular diffusion of science. Only a portion of this 
extensive programme has been carried out; and 
now, by the closing of the Collection, its full realisa- 
tion becomes an impossibility. It is however to be 
hoped that the closing is only momentary, and that 
an emt whose embryonic efforts were so full 
of promise will not be blighted for want of the small 
funds necessary to its perpetuation. We must re- 
member the warm congratulations we received from 
foreign savans and learned societies on the com- 
pletion of the Collection; we must remember 
the number of distinguished men who came from 
all parts of the Continent and the two Americas 
to worship at this shrine of genius; and while we 
recollect these and similar facts, we must not forget 
that the dismantlement of thisfinvaluable Collection 
will be a world-wide publication of our indifference 
to scientific progress, that it will be branded as an 
act of Vandalism, and will expose us to the raillery 
and sarcastic comments of other nations. We trust 
that these views will find able expositors in the 
Houses of Parliament, and that Government will 
yield to the unanimous appeal of scientific men as 
well as to the pressure of public opinion urging the 
necessity of reopening the Collection, and making 
it one of the permanent institutions of the country. 

Immediate action is uired to prevent the 
dismemberment of the Collection. Most exhibitors 
have testified their readiness to leave their instru. 





ments, provided initiatory steps be taken to secure 
final permanency, and we do not doubt but many 
other parties would willingly contribute their share 
to the founding of an establishment that would 
exercise a decided influence over the scientific in- 
terests of this country. 

In such a critical conjuncture we find it very 
unseemly for any organ of public opinion to clamour 
for the suppression of the Collection on the ground 
of its being “an indefensible waste of the public 
money.” ‘The man who wrote such an admirable 
logical phrase might well talk of the Collection 
as ‘the recent fiasco,” and of the visitors as rari 
nantes ingurgite vasto. We are aware that it is not 
difficult to string words together, to disclaim with 
vehemence and even to indulge in scurrility. To 
many it is easier to quote Virgil than the Trans- 
actions of the Royal Society, and infinitely easier to 
talk nonsense than science. The elegant writer 
who devised the happy phrase ‘recent fiasco,” 
discovered at the very last hour that the Loan 
Collection was only “‘a trum affair,” that it 
was got up by an irresponsible “clique,” and most 
wonderful of all, that it collapsed from ‘absolute 
inanition.” We think the author of such graceful 
euphemisms might cull another line from a Latin 
writer, and after adapting it to circumstances, 
say, Amo veritatem malo Virgilium. Besides, he 
would do well to imitate the example set by 
several French savans, who have ueathed their 
brains to the Société Anthropologique of Paris. 
Some novel physiological data would doubtless 
be obtained from the dissection of such a fertile brain 
as his. 

Such flippancy about scientific matters is regret- 
able, for it must exercise a pernicious influence over 
readers who are incapable of thinking for themselves, 
who never stop to question the veracity of the writer 
or the accuracy of his information. It is misleading 
and calculated to introduce dissonance at a moment 
when harmony is necessary to secure the scientific 
interests of the country, and to rescue a noble 
undertaking from the state of jeopardy into which 
it has been placed. 

We hope that all our readers will co-operate in 
the movement, and will exert their influence to- 
wards obtaining the speedy reopening of the Loan 
Collection and its proximate incorporation among 
our national institutions, 








CITY SANITATION. 

In an article on ‘‘ Underground London,” we drew 
attention, at page 407 of our last volume, to the fact 
that hitherto legislation had been chiefly carried out 
in regard to thedwellings of the working classes, while 
the houses of those of ample means are in many 
cases in a worse condition than those of their poorer 
neighbours. We were not prepared, however, to 
find so early and complete a confirmation of those 
views as is afforded by the following revelations, 

At a recent meeting of the Common Council 
of the City of London, Mr, Moore, as chairman 
of the General Purposes Committee, brought up a 
report, the object of which was to make good certain 
dilapidations of the Mansion House. It appears 
that the Committee, in discharge of the duty annually 
devolving on them, found upwards of three quarters 
of an inch of fungous matter floating on the top of 
the largest cistern in the Mansion House, ‘Lhis 
cistern supplied with water all the other cisterns in 
the establishment. At the bottom of the cistern 
there were three-eighths of an inch of mud, and in a 
bottle of water placed on the Lord Mayor's table 
could be seen hundreds of worms. Mr. Moore further 
stated that in the previous mayoralty, a daughter of 
the then Lord Mayor was for a considerable time 
hovering between life and death from a malignant 
form of typhoid fever. Other members of the family 
were similarly affected, and the cause seemed 
entirely mysterious. 

Under these circumstances the City medical 
officer, Dr. S. Saunders, was consul and his 
opinion, which agreed with that of the other medical 
attendants, suggested that the illness was directly 
occasioned by the condition of a soil-pipe intersect- 
ing the whole house, and its connexion with the 
water cisterns. It appears that measures were im- 
mediately taken to remedy the evil on its cause 
being known. Dr. Saunders was so struck with the 
condition of py engage cistern referred to, that 
he would not allow his inspector to touch it until 
two other witnesses were also brought to look 
at it. 

Of course the blame for this disgraceful state of 





things was laid on the officials who had been em- 
ployed to prevent such results, and a large amount 
of indignation was expended on them. As an in- 
stance of the manner in which work is done in the 
Mansion House, the Lord Mayor stated that a few 
days previous he saw some of his housemaids scrub- 
bing the floors on their knees, while the workmen 
were comfortably ensconced in velvet covered arm- 
chairs watching them, certainly a striking antithesis. 

Some years ago it was insinuated that if a railway 
director met with a fatal accident the poorer tra- 
vellers would be benefited in life and limb. Curiously 
enough the idea, transferred to sanitary matters, 
has been accidentally enforced by the facts just 
stated. Here we have the chief magistrate of the 
chief city of the world residing in a house in which 
his family have narrowly escaped from deaths by 
typhoid fever. The residence is fixed in the middle 
of the city of which it has been boasted that its 
sanitary arrangements approach perfection. The 
Mansion House has a reputation as the resort of all 
the talent, intellect, political, and national influences, 
as represented by sovereigns down to sailors, Each 
of the thousands of guests, whom last year received 
the hospitality of the Lord Mayor, ran, however, a 
risk of catching typhoid fever, and of propagating 
it throughout all classes of society. 

This instance shows that with all our boasted 
arrangements the entire system of sanitary super- 
vision is of the most inadequate character. ‘The 
Mansion House is but a type of hundreds of the 
higher class of residences in London, and perhaps 
the danger that its inhabitants have recently incurred 
may do more service than all the reports, con- 
ferences, &c., that have yet been afforded on 
domestic sanitary arrangements in the metropolis 
and elsewhere. 


CONTINUOUS RAILWAY BRAKES. 

Tuts week we resume our consideration of the 
recent competitive trials on the North British Rail- 
way with the Westinghouse Automatic and Smith’s 
Vacuum brakes, We have already pointed out that 
the results obtained from these trials possess an in- 
terest and a value which belong to no other similar 
series of experiments, because they were carried out 
in such a way as tosecure, beyond the possibility of 
error, information which shows clearly the action of 
the brake under test at all points, from the mo- 
ment it is actuated to the time that it has completed 
its work and brought the train to a state of rest. 
It is not too much to say that, with the exception 
of-the brake trials at Newark, in which speeds and 
distances were accurately recorded, so that precise 
information of the average performance of the brake 
between its initial and final points could be obtained 
with pe. all other brake trials have been 
attended with that large element of error inseparable 
from estimating speeds, from judging distances run 
by counting pang posts, or by measuring them 
from a point fixed from the train when in motion. 
Writing on this subject nearly three years ago and 
shortly after the Westinghouse brake was first 
brought to this country, we said, in an article to 
which we shall have occasion again to refer, ‘If 
aperde, times, and spaces had been registered with 
the mathematical accuracy attainable by suitable 
mechanical contrivances, it would have been pos- 
sible to have determined not the result simply, but 
how that result has been obtained.” It is just these 
records of speeds, times, and spaces recorded with 
mathematical accuracy that we have now before us, 
and by which we read with precision the actual or 
relative efficiencies of the two classes of brakes re- 
cently tested by Mr. Drummond upon his railway. 
By means of the diagrams obtained all uncertainties, 
for example, upon the question of promptness of 
application of a brake are cleared up. It is true 
that Mr. Forney made recently in Pittsburg some 
valuable experiments as to the length of time re- 
quired to set the brakes by a series of vacuum bags 
and of pressure cylinders; but these experiments 
were not carried out upon a train but on an appa- 
ratus specially arran, for the purposes of exhibi- 
tion, and so far possibly the results obtained are 
open to criticism. 

It is true that, standing alongside a train at rest, 
the vacuum bags can seen, on the opening ot 
the ejector, to collapse in comparatively slow suc- 
cession, or on watching an automatic brake in the 
same way the blocks will be seen to come up to 
their work almost instantly and simultaneously. 
So far, therefore, a general and certain knowledge 
was obtained that one brake was less prompt than 
the other, a fact also clearly proved by the greater 
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distance required by the former to stop a train. But 
beyond these general facts everything was uncer- 
tain.. Now, however, we are able to tell exactly 
how far a train will run with unchecked energy 
after the brakes have been started—what is the 
relative value of each system in retarding power 
when in operation—we can tell exactly how much 
further one train will travel than another, how 
much = and energy remain in each at any given 
point, how much destructive force, in the event 
of an inevitable collision, has been taken out of 
each train, in other words, how much greater a 
margin of safety one system can secure as com- 
pared with the other. Ina recent article we sum- 
marised the various requirements of a thoroughly 
efficient continuous railway brake, and among these 
requirements, promptness of action and the power to 
bring a train to a state of rest in the shortest time 
were prominent. In fact this, and the ability of a 
brake to be self-acting in case of separation of a 
train, and self-recording in the event of local damage 
to any of its vital parts, are the two requirements 
which are of the highest interest to the public, and 
it is to the consideration of these points that we 
especially address ourselves just now. 

We have already eeinel the nature of the trials 
on the North British Railway and have given the 
particulars of the two trains, the condition of 
trials, &c. These latter were remarkably equal 
with one exception, namely, that assistance not 
cmaieree in practice was given to the vacuum 
brakes by means of the two auxiliary experimental 
brake vans, borrowed from the Great Northern Rail- 
way, so that the stops made were better than could 
be obtained in ordinary practice. For the rest, the 
trains were about of equal weight, the engines were 
exactly alike, the brake blocks were applied to the 
wheels in a similar manner, the percentage of weights 
not retarded by the direct application of the brake 
blocks was nearly the same in each case, and both 
trains were run on the same day under uniform 
conditions of weather, while the results were taken 
in precisely the same way on each train, in a way 
which met with the uiescence and approval of 
the representatives of the Vacuum and Automatic 
systems alike. 

We publish this week a very complete Table in 
which are arranged all the important deductions from 
these trials, as well as a second sheet containing 
exact reproductions of the diagrams taken, and some 
miscellaneous data. These diagrams and the Table 
taken together are so clear as to require little com- 
ment. We propose, however, to point out some of 
the most interesting features in them. It will be 
observed that, for convenience of comparison, the 
stops made by the Vacuum and Automatic trains 
are arranged in pairs, the initial speeds in each pair 


corresponding, if not exactly, at least so nearly as 
to preserve the comparison accurate. In the same 
we “ ~_ recording = Vacuum and Automatic 
stops for the corresponding speeds 

upon one diagram, the + fi 


are arranged 
gures attached to 
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which are repeated in the Table. These figures 
show the number of the stops made on the day of 
the trial, and all of which we have not thought it 
necessary to reproduce. 

Diagrams Nos. 2 8.V. and 3 W.A. refer to the 
performances of the Vacuum and Automatic brakes 
respectively, and the lowest speeds at which stops 
were made, An analysis of this diagram and its 
results applies equally in its degree to the higher 
speed stops, as it will be observed that the relative 
efficiencies of the Vacuum brake to the Automatic 
vary but little pute ag en of speed. The time 
occupied is here nearly half as long again, as is also 
the distance run. The total foot-tons of energy in 
the Vacuum train are rather greater than in the 
Westinghouse, although the speed of the latter is 
somewhat higher. The efficiency of the Westing- 
house brake, as compared with the Vacuum is, 
however, much higher, even when both are in 
full work, while the latter is not in operation 
in reducing the speed until some considerable dis- 
tance has been run after the moment of appli- 
cation. Thus, in the diagrams we are just now 
considering, it will be observed that the speed of the 
Vacuum train was unaffected at a distance of 100 ft. 
after application of brakes, and when the Westing- 
house had already done more than 5 per cent, of its 
work by reducing the train speed from 30 to 28.5 
miles per hour. This difference is much more marked 
at the end of the third 100 ft., when the speeds stand 
at 23.15 and 13 respectively, and the train energies at 
3216 and 938 tons, so that the values of the two 
brakes at this point as regards speeds are in the pro- 
portion of 1.77 to 1, and as re train energy de- 
stroyed 3.4 to 1. In other words, when the Automatic 
brake had performed its work, the Vacuum train was 
still travelling at a relatively high rate of speed. 
This result is of course more striking in the higher 
velocity stops. Thus in one of the three trials at 40 
miles an hour, the speeds at 500 ft. from application 
of brake are 32.5 and 16.5 respectively, or almost 
exactly 2 to 1, while the foot-tons of energy are in 
the ratio of 4 to 1. In other experiments this is far 
more strongly marked, as in the trials 12 S.V. and 
12 W.A., where the speeds were in each case 54 miles 
an hour. In these, at the end of 900 ft., the speeds are 
38.25 and 7 respectively, or 54 to 1, while the foot- 
tons of energy were 8400 against 270. The vacuum 
train was thus proceeding at a rate of over 38 miles 
an hour, or faster than the train which was wrecked 
at Arlsey Siding the other day, after the Automatic 
train was at rest. Of course it is in these stops at 
the highest speeds that the qualities of the two 
brakes manifest themselves ; they have more work 
to do, and as they require a longer time in which to 
do it, they afford better opportunities for analysis. 
Thus taking runs 11 S.W. and 10 W.A, at 55 miles 
an hour, we find that the time required for the 
former is one-third greater than for the latter, and 
the distance run 50 per cent, greater. In these 
particular tests an interesting point occurs which 
manifests itself on the diagram. The Westinghouse 


brake was not applied until a brief interval after the 

i was commen The consequence was 
that while the Vacuum train was lessened in 

ouse train ed 

the 


.45 per cent., the Westingh 
almost at its normal velocity. But during 
second 100 ft. the Westinghouse performed 7.27 per 
cent, of its work against 1.82 per cent. of the Vacuum 
prae N it is only until 400 ft. are passed that 
the Vacuum brake approaches its full performance, 
which, however, is not reached till after the Auto- 
matic brake has arrested the train. In fact, the 
whole of these trials clearly show the disadvantages 
inherent to the Vacuum system, which we have con- 
sistently pointed out—an unavoidable slowness in 
action, at the moment when the promptest application 
possible is — The somewhat interesting com- 
parison that these trials render} practicable between 
the men eae! sage es of these two systems, and 
a theoretically perfect stop, we shall have to defer 
till another occasion, remarking only meantime 
that while the Westinghouse Automatic shows an 
average  cnanaee of absolute efficiency of about 
65, the Vacuum falls to 30, while taking the absolute 
theoretical distance that must be run in making a 
= the ratios are about as 70 to 50. 

he Tables and Diagrams which record the whole 
results of the trials call for little further remark. 
It should be borne in mind that the foot-tons of 


energy given do not represent the total vis viva 
of the train, which must be always a certain 
amount in excess of the energies tabulaled, ‘These 


amounts—due to the influence of the revolving 
wheels—are interminable, but must always fall short 
of the total energies stored up in the wheels, so that 
they represent at a maximum only a small addition 
to the total foot-tons, 

Speaking generally of the ompermen it should 
be remarked that they were conducted by the gentle- 
men who had undertaken the work on behalf of Mr. 
Drummond, with the utmost care, so that perfect 
reliance may be placed in the results obtained, ex- 
cepting so far as certain small irregularities were 
occasionally developed in the — that declare 
themselves on inspection of the Table, and do not 
affect the general results, 

In our article on e 279 of our seventeenth 
volume, we observed that ‘The Westinghouse 
brake, admirable though its performance was, is 
capable of far better things as regards promptness 
in stopping the train. . . . There can be no doubt 
that the increased value of the retarding force per 
second, as compared with the resistance per yard, 
indicates a want of promptness either in the 
handling or in the action of the brakes,” These 
remarks referred to the brakes as originally intro- 
duced upon English railways by Mr. Westinghouse, 
and the criticisms we then passed have been found to 
be fully justified by the great improvements he has 
since made, and which have developed into the 
Automatic brake, that made its first appearance 
here at the Newark trials. The work performed by 
it on the North British Railway the other day, was 
generally better than that done on the former 
occasion, and it would now seem that the system is 
susceptible of but little further improvement, The 
same remark also applies to the Vacuum brake, 
although, as already stated, the performances on the 
North British Railway are not a true indication of 
its actual capabilities, having been increased by the 
aid of auxiliary means not used in practice, Still 
both systems are now before the public in almost 
their best form ; what they are capable of absolutely 
and relatively doing is now clearly known, and there 
can no longer be any excuse for hesitation in adopt- 
ing one or the other’ of them, on the alleged want of 
knowledge as to which is the more efficient of the 
two. The necessity for some means of controlling 
trains is proved weekly by accidents of more or less 
severity upon one or other of our railways, and we 
fail to see + Re what grounds, those with whom 
the power of adoption rests, fail to make use of 
means ready to their hands, or why in making a 
selection they prefer one system that falls 50 per 
cent. below the degree of efficiency of another. 





MISSISSIPPI RIVER IMPROVEMENTS. 

Captain J. B. Eaps’ great work of improving the 
navigation of the mouth of the Missi issippl, and to 
which frequent reference has been e in our 
columns, is progressing rapidly, The chart of sound- 
ings made on October 6th last by the Mississippi 
Improvement Works showed that the channel 
across the South Pass bar at that time was 227, ft. 
deep at the shoalest place. The 20 ft, channel 





was 230 ft. wide in its narrowest place, and 
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averaged for. its.entine length fully 400 ft. in width.| For body for heat, whilst the quantity c of the tables 
The 24. ft. poten Ae in. many places a. width C+AH write U and experiments will be called the common capacity. 


of 300 ft.,.and depths of from,30 ft. to 38 ft, were 
found througheut.a,large. extent. As, the river 
has begn.at ite lowest.etage daring the summer, 
the sconring.effect of the current has not been so 
rapid ag at, first, .Before last autumn the jetties 
had been, built, upat)thein outer ends, and brought 
up, tothe water surface in.places where the riven dis- 
charged over them., At the head of -the pagses,'.12 
miles above the jetties, where the river branches into 
three outlets, a. broad shoal, which had about 16. ft. 
of water across.it into South Pass; existed before 
the commencement,of the jetties. Extensive works 
have been projected here, and are already largely 
completed, regulating the discharge into the three 

3, and making an entrance into South Pass 

tween parallel dykes, 800 ft, apart. 

The chart on the previous page shows the location 
of these works, heavy black lines are dykes 
already built to the -water surface by tilting 
mattresses.on edge against rows of piles, as-in the 
accompanying sketch, 




















The two ee gee dykes which form the entrance 
into South Pass, will be extended down-stream, as 
shown by the dotted lines, until they reach the 
island and the. west shore. From A to B across 
South-West. Pass a sill of mattress work, 70 ft, 
wide and 2} ft, thick, has been placed upon the 
bottom in about 30 ft. of water. A similar one will 
be laid from C to D, across Pass’ l'Outre, By this 
construction any increase in size of these two passes 
is prevented, The dam from the west shore to A 
will be extended upon this foundation, and a similar 
one from D towards C,. thus contracting the 
section of the river along this line. The amount of 
water flowing through the 800 ft. entrance into 
South Pass can thus be increased to any desired 
amount. During the low stage of the river dredg- 
ing was in operation in this entrance, and a narrow 
channel of 20 ft. least depth has been excavated 
across the shoal here for its entire length of 2400 ft. 
The increased action of the current due to the works 
constructed, and to the assistance given by the 
dredging, is scouring out the shoal rapidly. 

The recent survey of the Pass at several points 
between its head and the jetties, shows that no im- 
portant alteration in the size of the Pass has occurred, 
a small increase of section being generally found. 

Immediately in advance of the jetties a deepening 
of the bottom has occurred, as is shown by a report 
from the superintendent of the United States Coast 
Survey to the Secretary of War, which Mr. Eads, 
chief engineer of the jetties, has published in his 
report to the President of the South Pass Jetty 
Company, under date of August 18th. This phe- 
nomenon is the reverse of what was predicted by 
the engineers who opposed the plans of Mr. Eads. 





HIRN’S THERMODYNAMICS.—No. I. 
AssoLute CaLoriric Capacity or Boptss. 

In order to understand the division which M. Hirn 
makes of the science of thermodynamics into two 
branches, the second of which we propose to consider 
in detail, it will be necessary to. coxsider the funda- 
mental equation of the science a8 he gives it, and to 
glance at what he has called the first branch. We 
shall use M. Hirn’s symbols throughout, 

The quantity of heat Q, necessary to raise the 
unit weight of any hody from the temperature /, to 
ony other temperature /, greater than /, is expressed 

y 


=C0+AH+AF 
in which C is sensible heat, H is the internal work, 
and F the external work (positive or negative), 
which is produced during the change from /, to ¢,. 
A is the calorific equivalent of work and E the re- 
ciprocal of this M. Hirn uses to represent the me- 
chanical equivalent of heat. 


which represents the variation of heat ad energy 
which takes place between the given limits of tem- 
perature, then 

Q=U+AF 


dQ=dU+A (PdV+V dP) 
P being the external pressure and V the apparent 
volume of the body. 
The combination of these equations in the above 
forms with the differentials of 


in which T T, represent the absolute temperatures, 
constitutes M. Hirn’s first branch of thermody- 
namics. Under this first branch M. Hirn has studied 
the properties of a perfect gas, of saturated vapours 
and their liquids, superheated vapours and the 
theory of the steam engine. 

The second branch of thermodynamics depends 
upon the dissection of the equation 

Q=C+AH+AFP, 

in’ which C represents sensid/e heat and A H potential 
heat. Sensible or real heat is the product of a con- 
stant number and variation of temperature, and 
— H is the product of a resistance R and a space 
v, then 

dQ=dC+AdH+AdF=K dt+A (Rdv+vdR+ 

PdV+Vd 


VdP). 
This equation forms the base = all the analytical 
and experimental investigations, and of the inter- 
enna ape of phenomena which constitute the second 
ranch of thermodynamics, 

There is nothing hypothetical in the form of the 
above equation. Hypothesis only commences in 
assigning rational and numerically correct values to 
the terms K, R, v. This remark indicates the course 
it is necessary to follow. A term will first be used 
in a general sense, in general algebraical equations, 
then in special numerical equations, until it obtains 
a special character. Physical realities will thus be 
transformed from what we have hitherto admitted 
only as definitions and aids. 

It will be necessary to commence with the term 
absolute heat capacity, its definition and determina- 
tion in certain exceptional cases, ‘‘ Temperature is 
the intensity of the heat force in a body or space,” 
From this definition it follows that the temperature 
is proportional to the quantity of heat present, 
Whether heat be considered as an oscillatory motion 
of material atoms, or as in its essence motion, 
or as M. Hirn prefers to consider it, as a specific 
natural element, this definition and the conclusion 
derivable from it are correct. ‘This quantity is a 
“- susceptible of increase and decrease, 

his definition and its consequence may be stated 
physically as follows: ‘'To equal quantities of heat 
added to and taken from a body correspond equal 
increments (positive or negative) of temperature, 
provided that the heat is employed entirely and ex- 
clusively in modifying the temperature. Hence the 
real or absolute heat capacity of bedies is constant, 
and is absolutely independent of their temperature 
and condition.” 

The specific heat of bodies is known to be variable ; 
the empirical formula 

C=1+ .00004 ¢+ .0000009 ¢2 
represents the increase above unity of the heat 
capacity of water according to Regnault’s experi- 
ments whilst that of its vapour is .47, and .5 that of 
ice. 

The value of c has been obtained by means of a 
calorimeter of some kind, in measuring the quantity 


whence 


of heat g which a body loses of the weight M in 
passin,  fhoen one temperature to another, and 

ares are 

M (é,-—t 
wn (4—ty) 
q=M Q=M (C+A H+A F) 
hence 
an 2 A (H+F) 


t—t, tt, 
By inspection, the quantity cis evidently a hetero- 
mye quantity, the second portion of the right- 
nd branch is evidently a variable, since F at least 
may vary from zero toa certain maximum. If the 


» provisionally assumed constant, is 





quotient 7 


represented by K, then 
K (¢,—t.)=Q—A (H+F) 


K-24 (H+F) 


and 





t—t 
This equation will define the absolute capacity of a 





There is no experimental method of discovering 
the components of the internal work H, thatis of de- 
termining the value of the total resistance overcome, 
and the a described by a point under the in- 
fluence of this total effort. Only in rare cases can 
H be obtained, and then only indirectly from K. 
The external work AF can always be ascertained. 

It follows that the only bodies for which K can 
be determined, are those in which H may be 
neglected, that is those in which the internal resist- 
ance to expansion—the molecular attraction —is very 
small. For three-gases M. Regnault found the heat 
capacity (at constant pressure) was independent of 
temperature and pressure. They are: 

Hydrogen cp =3.409 
Oxygen cp =0.21751 
Nitrogen cp =0.2438 
Assuming the internal work to be sensibly ni/ (which 
seems to follow from the constancy of the heat 
capacity) it suffices to determine K, to subtract 
from c, the value of A F, that is the quantity of heat 
employed in external work, when a unit weight of 
gas is heated 1 deg. under constant pressure. The 
value of F for a cubic metre is: 
10,333 kilo. _ P 
272.85 deg. a 





whence 
A F= 57,8719 99910735 calories.* 


At atmospheric pressure the density of 
Hydrogen is A=0.089578 


Oxygen A= 1.429802 
area A=1.256167 s 
Hence the values of AF corresponding to the unit 
of weight is : 
0.08010785__,, on 
fi =——__~=0.994746 
AF for Hydrogen 68678 0 ? 
=—+_~"=0.0623214 
si 0.08910735 
trogen ' >———___=0. 9 
Nitrogen =" oseig7 
Hence approximately for : 
Hydrogen K=cp —A F=2.41425 


Oxygen K=cp,—A F=0.15517 
Nitrogen K=cp —A F=0.17286 

These gases are quite distinct in chemical and 
physical properties, and as.c, is constant, so is K, 
Hence if K can be determined for any other body, 
we can consider the value as equally constant with 
that for the above gases. . 

M. Hirn next proceeds to the law of Dulong 
and Petit and its consequences, This law, which 
M. Hirn considers as equally important with that 
of universal gravitation, may be enunciated thus: 
The product of the atomic weight of 4 simple body, 
or of a definite compound by the heat capacity, is 
very nearly constant, Numerous experiments justify 
this law. 

The means of obtaining K, given above, is only 
applicable to the gases named, as in all others the 
law of Mariotte does not hold, and the internal 
work is a quantity which cannot be neglected, 
much less can it be neglected in the consideration of 
liquids and solids. It will be evident from what 
follows that the law of Dulong and Petit will enable 
us to determine K. 

As this law has not been found to hold exactly or 
even approximately with the simple bodies hitherto 
tested, it has been considered only as a statement 
of a partial law ; and on applying it to compound 
bodies there appears to be a sudden leap which 
occurs from simple to compound, and from one 
order of compound to another. 

Mr. Weestyn has remarked that elements com- 
bined chemically behave as if they were only mixed 
in the same proportion. 

This statement takes the form, 

N@e Ce = Ag Cg No + A, Mm + Og6, N+ KC. 
in which a, represents the atomic weight of the 
compound and a» 4, a, those of its elements, N 
being the total and the relative number of atoms. 

M. Hirn gives the product of the atomic weight 
a into the common capacity as, 

ac=a{K+A(H+F) 

In the right-hand term A F is variable, A H is a 
function of the temperature, and hence the product 
a cis variable and heterogeneous, and a K is the 
only constant portion. In other words, it is the 
product of the absolute capacity into the atomic weight 
which is a constant. aime 

If this be so, the absolute heat capacity of all 
bodies can be calculated if that of one is known. 


* 1 calorie=3,96832 British units. 
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transmit these waves to the molecules of the Your | very numerous), a be indefinitely the abso- 
Iu eymbels, tae Eis pear scale Meee remarks that.“ the presence of a seéond Hs Banepa pole gee. San pe sr yinspr inn a 
ArK:= a9 Ko, or K>=K: — sedis tke nals of the diathermancy of gases, i.e.; the | of energy. 


°o 


and for Ba bodies, 


Go fo* n,+&e. 
For three gases very i ee 
perties, A H is eens 
K=cep —A F. 
Taking oxygen as the unit of atomic weight, 
Go = 100 an = 6.25 ax = 87.5 


in general pro- 
known and 


Hence, 
Oxygen ‘ ao K = 15.519 
ee bia K = 15.069 


Nitro x K 15.125 
Of these gascs hydrogen 1 is most distant from its 
point of liquefaction, and the value 15.089 or simply 
15 may be considered as sufficiently correct, as it 
would require experiments of unparalleled accuracy 
to prove one of these values to be more correct than 
another. In symbols, 
15—K, %0%o + an+k&e. 





To obtain the absolute capacity of iron as an 
example. Here, 


No=—1 ay = 339.21 K= =0.0445 
1 


Proceeding withthe discussion of the law of Dulong 
and Petit and its consequences, M. Hirn shows that 
the immediate corollary of this law is that the quantity 
of heat required to raise the temperature of unit 
weight of a body is proportional to the number of 
atoms, and has no dependence on the particular 
property of the body, and is thus a confirmation of 
the existence of a chemical atom, invariable and of 
fixed magnitude. 

Further the product a ¢ is nearly constant for 
one order of combinations, but differs from one 
order to another; thus a c=39.95 for elementary 
bodies, it is 74. 51 (74.51—2=37.25) for binary 
elements, 158.54 (158.54+-4=39.16) for combina- 
tions of four elements ; the numbers obtained are 
nearly in simple proportion. 

The following conclusions proceed from the law 
of Dulong and Petit as considered in regard to ab- 
solute heat capacity. It is evident, in fact, that 
since all compounds of the same order have the 
—_ roduct (a c), or more correctly (a K) that : 

fthe apparent chemical elements are con- 
tracted combinations of other elements really simple 
and less numerous, these combinations are of the 
same order. 

2. If one (apparent) element is not simple, none is. 

3. If one is simple they all are; because the pro- 
duct (aK) for this simple body is necessarily a 
minimum in relation to the product (aK) cof any 
compound body. 

4. It is hence impossible to hold that hydrogen, 
for example, is rather a true element than oxygen, 
nitrogen, sulphur; that hydrogen is the primordial 
universal element. 

If, again, K can be known, we can calculate the 
number N’ of atoms in any simple or compound 
body. The importance of this last conclusion is 
immense ; it shows how closely allied are chemistry 
and thermody namics. We have found that for 
oxygen, nydvagen and nitrogen, 

a 


15 





If for nitrogen and hydrogen we take as the values 
of a, 175 and 12.5, which represent the chemical 
equivalents, then 

a K=30, 
whence either hydrogen and nitrogen are binary 
compounds in reference to oxygen, or the above 
numbers represent each 2 atoms. Hence the deter- 
mination of K is of the utmost importance; it is con- 
nected with the determination, if possible, of A H, 
to which M, Hirn next proceeds. 








THE ORIGIN OF MOTION. 
To THe EpiTror or ENGINEERING. 

Srr,—There are a few points I would notice in the letter 
of your correspondent, M. Sillem, from Amsterdam, in your 
issue of the 15th, but I will not imitate “= correspondent 
by indulging in certain personalities which are foreign to 
scientific discussion, and generally create a suspicion of the 
absence of argument. Your correspondent criticises the 
following passage in Article XI. on “‘ The Origin of Motion” 
(ENGINEERING, December Ist), viz., ‘‘ The ether particles, 
even if in vibration, could not emit heat from the absence 
of a medium to carry off the waves, for the same reason 
the ether cannot absorb heat.’’ 

I adhere to the principle contained in this passage, the 
ether being constituted as a gas, as deduced. If the mole- 
cules of a gas were in vibration, they could not emit wayes 
of heat, unless a medium were present to carry off these 
waves ; for the same reasons (conversely) the molecules of a 
gas could not absorb waves unless there were a medium to 





property of transmitting radiant heat vithout absorbing 
it.” Now it is a generally accepted fact that the diather- 
mancy or deportment of to radiant heat or the condi- 
tion whether the gas absorbs heat or not, depends upon 
the structure of the molecules of the or their deport- 
ment to the passing waves. Thus air is pervious to the 
waves of obscure heat, and the er of water impervious, 
the reason being that the molecules of air are incapable of 
vibrating to (and therefore of absorbing) waves of the 
special period belonging to obscure heat, while on the other 
hand the molecules of water vapour can vibrate to ti 
special period and therefore can take up (or absorb) the 
motion of the waves, and therefore obstruct the waves in 


their passage. The presence of a second medium is, there- 
fore, not the cause of the diathermancy of air, but 
of the air molecules to absorb the 


cause is the ax! 
waves of heat. If the presence of a second medium were 
the cause of the diathermancy of gases, water vapour ought 
to be as diathermanous as air. 

Your correspondent next remarks—‘‘If ether cannot 
itself be heated, then ether cannot contain heat, and is in 
consequence always at the temperature at which (according 
to Clausius) that molecular motion ceases, which constitutes 
a gas.”’ Now the above reasoning is evidently defective, 
for it obviously does not necessarily follow that a body can- 
not contain heat, because the physical conditions are such 
that yous cannot impart heat to it, or increase its tempera- 
ture. My object was to point. out that although the 
constitution of "the ether might resemble a gas in the one 
point that the ether particles move in straight lines, still 
the motion of the molecules of matter in the ether does not 
accumulate motion in the particles of ether ; and (conversely) 
the ‘molecules of matter are not under no conditions 
affected by the motion of the ether particles,—but for all 
that the ether may enclose in the motion of its particles an 
enormous combined store of energy. Thus the vibrations 
of a molecule of matter are not accumulated in the ether 
particles; for directly a wave passes through a mass of 
ether, it returns again to its normal state, and thus no 
motion is accumulated in it. As regards relative dimen- 
sions, a molecule vibrating in ether might be compared to a 
mass vibrating in air (such as a tu -fork for example), 
when the vibratory motion of the fork is not accwmulated 
in the molecules of air, but each layer of air returns 
instantly to its normal state, directly a wave has passed. 
Again I pointed out that the normal velocity of translatory 
motion of a gaseous molecule through the ether is so slow 
compared with the normal er of the ether particles, 
that practically no disturbance of the ether can be produced 
by this motion. 

Thirdly, it may be shown that the ether, constituted as 
a gas, might enclose in the motion of its particles a store of 
energy to any amount, yet not under normal conditions 

ve up any of this energy tothe molecules of matter snspen- 
foiin the ether. Th are inde ent grounds for in- 
ferring that the ether particles are almost indefinitely small 
compared with ‘the molecules.of matter. A molecules of 
matter suspended in ether — therefore be compared to 


a visible mass s The molecule of air— 


with their normal Cae-aiet im Ag oeninst the mass 
on all sides, and produce a perf pressure upon 
the mass, so that no motion wasted is a ‘in the 


mass. So with a molecule of matter suspended in the 


ether. Italso a etag that on account of the mlantenees of 
the ether particles, the energy of each icle might be 
indefinitely small, and (on account of ti multiplicity of 


os the com store of energy enormous. 

is a calculation given by your correspondent 
relative to the distance of the ether particles com’ with 
those of an ordinary gas (assuming the ether to be con- 
stituted as a gas), there is an objection to the result arrived 
at ; for even if we were to assume (contrary to the teachi 
of facts) that the deportment of.the ether resembles in 
respects an ordinary gas, still the result arrived at is open 
to objection on the “eund that it is based on the assum’ a 
is 


tion that the absolute e: of an ether particle 
same as that of a molecule of an ordinary gas, which may 
be very far from the fact. 

Atthe conclusion of his letter your correspondent ani- 


madverts strongly upon the estimate arrived = as a limit- 
ing value for the ether pressure, and adds: ‘‘ How any one 
can try to derive the pressure of the ether from the co- 
hesion of steel is more than I can account for.” It would 
be easy to remarks of this kind, attention is 
given to what is advanced. This phenomenon cannot give 
the pressure of the ether, but only a limiting value for that 
pressure, or a value which is with certainty within the 
fact. Thus the “‘ attraction’ of two vibrating masses in 
air being determined by the ewcess of the normal air 
pressure upon their remote sides, the value of this “‘at- 
traction’ will give a limiting value for the air pressure, or 
a value which is with certainty less than the actual fact. 


his | perfectly 


THe WRITER OF THE ARTICLES. 
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pm such “impo rtant duties. yo Seapebie 
Scaaenrerth ship, or he may detain a 

p result : e former may be disaster 

and death, in the ‘hata gress time and 


the honest s' i 
woaseaiite Gee 


know the Board of 
some slight pomonenge 
annoyances how 80 0 


generall 
t their surveyor, 


surveyor 











y 

and by 
built in the North of England came to London for 
survey, W e Liverpool or London sia, 
using as the first r did his own judgment, reduced 
the pressure on the boilers, or ordered some alteration in 
the equipment of the boats, or eo else. The ship- 
owner very justly aaid, ‘ These have all been passed by one of 
your own surveyors, and it is vost so soon to reduce the 

ressure, or to ask me to make these alterations on deck.” 

uch cases required the chief surveyors to use a great deal of 
tact and eneralship a the injured shipowner. Thus: 
These boilers six months ap were according to méasure- 
ment strong enough, but the iron could not tbe tested by 
our surveyors. Now, since the boilers have been in use they 
leak, which is a sign of weakness, or bad material, justifying 
our surveyor in now reducing the pressure; or our firs 
surveyor did not notice the equipment of the boats as yn! 
were new, they trusted you w their Seog ne peag eo 
om the a Beye ve oy ele L admit that = body 
of men are cies i tg experi 8) — 
that some of the Board’s officers 1 not so posse 
and attentive as they should, have been. The ok et of 
the Board undertook to bring in a kind of Millenium! 
They said, “ Go to now ! let us make definite rules and in- 
structions for all our s 
8 


m 

und One or two have , interpre 
surveyors 

the _ of the act t act rather that the letter. So in future we 

will not appear inconsistent to the honest ceperate as all 

he will have to dois to buy our book’ and build his ships, 

ms.’ The Board are 


engines, or boilers to our instractio: 

now safe, in fact : invulnerable ! = 
**'The best-laid schemes o’ mice and men 

Gang aft a-gley.”” 


A big gun comes fervent, the Glasgow rt,’’ 
by its sponsors and several M.P.’s, hick kes 
the Beagas ruler de tower to pieces, and exposes 
their weak points! They are also assailed by the press 
and the public — some ship founders, or puts back and 
ig onans OS ad was pasod by ons ftir hows , 
appoin ler the new or by some FY 
owners whose ships have been detained several , hen 
competent es have afterwards proven their 
shaleelin seme the surveyor ane 


tof t the | a ee meeting anemergency which 
Board had not anticipated. In fact they have ap- 

sphitel out surveyors who were not experienced, merely able to 

read and write, fnew, the, name of the several parts of the 

ee hep rye and the figu res on the rule! and no doubt 

le to carry out the written instructions, but any 

hayead in Bop them in the position of the curate 

that was Ss pan for a man by.a. bull, the 

f his po eo such an emergency, 


the resi 


sais your s 
although cheap and quite q' 

ms ace carried out ee lack sete coins i 
jadgment Hyd these rd voullg "cata " ip 


reported he ‘he ‘had id prospect of ix at improving bis pot his position ili ‘Vite 


the one thing eye a suncinted » Be a aul at of 
Trade suryeyor—interes eue't the under secretary or Le 
chief surveyor. One day he did ‘not show ph at the 

Home to sign, another was 's his {place,| and a 


was Ase 9 oagensodh Two years or oven of after he appeared on 
ship as ee of Trade surveyor. Now I 
wont’t say he was i Some might eall him a 


draughtsman eg mr, wees shad he not 


So, the ether being constituted as a gas, the ‘‘ attraction” rg oO con bak pees me poe meter my Wt Pray 
of two vibrating molecules in the ether will give a limiting | dictated to by sue men; h they may have been 
value for the ether sure, or a value which is less than | crammed through the mill at Whitehall and came out bond- 


or within the actual fact. 

It may appear rather a startling paradox, but it may be 
proved that a gas might contain any amount of energy, and 
yet be indefinitely near to the absolute zero of ae pens orone 
Thus, as is known, the “‘ temperature”’ of a is pro} 
tional to the absolute energy of one of its molecules. oe 
the absolute energy of a molecule depends upon its mass. 
If therefore pre for the sake of illustration) we assume 
the molecules of a gas capable of sub-division into 
— we of tag ted ae the oolute ean 
perature”’ e gas—represen e absolut 
of each moving particle—might be indefinitely red: 
snd yet the total energy would remain the same. Thus, | 
under thi tion of an extreme sub-division of 


matier (s0 that the particlos of gas are very small and 


fide surveyors. a think the safest policy for our Board of 
Trade to pursue is to revise or burn their Book of Instruc- 
evna and appoint men, as you suggest, thoroughly com- 


and use a little tact and forbearance as ey, gr pid 
id and interpret the spirit as well as the ietter of Acts 
of Parliament. 
Yours, &c., 
An Extra Master, 
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THE WIGZELL AND HALSEY 








We give above engravings of a form of single-acting 
engine which has been lately patented by Messrs. Wigzell 


and Halsey, of 82, Mark-lane, E.0. As will be seen from 
our illustrations the engine is of simple construction. It 
consists of two single-acting cylinders placed opposite 
each other with the crank shaft between them, each cy- 
linder being fitted with a deep piston from which a con- 
necting rod is led direct to the crank. The connecting 
rods are, of course, always in compression. The pistons, 
wemay mention, are fitted with Mr. Wigzell’s patent 
packing, in which a spiral steel spring is employed to set 
out the cast-iron packing rings, the construction of the 
spring being such that it not only tends to spread 
the rings radially, but also forces them against the faces 
of the piston. 

The distribution of the steam is effected by a conical 
rotating valve, the spindle of which carries a crank arm 
which takes hold of the crank pin of the crank shaft, as 
shown in Fig. 4. As will be seen from Figs. 1 and 4 the 
conical valve revolves within a conical seating, which can 
itself be turned through a small are by the hand lever 
shown. The effect of so turning the valve seat is to 
transpose the communications with the steam and ex- 
haust openings, and so reverse the engine. The par- 
ticular engine shown in our engravings is adapted for use 
in a steam launch, but Messrs. Wigzell and Halsey are 
constructing the engines for a variety of purposes, some 
of the engines being made with three cylinders.. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’C at Middlesbrough. Although 
there was a considerable inquiry very little business was 
done. The prices of pig iron were based upon No. § selling 
at 45s. 6d. per ton. unsettled state of affsirg in the 
Kast continues to retard business. age re the finished iron 
works having been closed during the holidays, pig makers’ 
stocks have increased. 

The Finished Iron Trade.—There is nothing new in this 
department of industry. Rail makers are doing next to 
nothing and do not see any prospect at present of an early 
improvement. Nothing definite has m made public 
about the different schemes for making rails as as steel 
from Cleveland iron at a cheap rate. Several gentlemen 
are in endeavouring to solve this problem. In the 
mean time, the iron rail trade being uced to a mere 
nothing, manufacturers have turned their attention to other 
branches of the finished iron trade, and it is very satisfactory 
that the demand for plates keeps the mills pretty fully 


Shipbuilding and Engineering.—The prospects of ship- 








Fic.a! 


builders and engineers are enco ing. At present the 
northern rivers show that these industries are active, and 
judging from the number of inquiries for steamers there is 
every reason to believe that for many months the ship-yards 
and engine shops will be kept busy. 

The Coal and Coke Trades.—Withont going into a long 
review of the coal and coke trades during the past year, it 
may be stated that all kinds of fuel have been depressed, 
and that prices have been low. Wages have been very 
cousthumtly reduced. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Extensions at the Aldwarke Colliery.—At the Aldwarke 
Main Colliery of John Brown and Company (Limited), 
which is situated near Rotherham, two new shafts are being 
sunk. One of these is about ten yards down, towards the 
total depth of about 500 yards which will be required to 
reach the Silkstone seam of coal. The other shaft has 
reached a depth of 30 yards, and will have to go 40 
lower in order to cut the seam which is already bei 
worked by an existing shaft. In the underground workings, 
too, extensive alterations are in progress in consonance with 
the extensions just alluded to. 


The Bessemer Saloon Steamer.—It was stated in these 
notes some time that the Bessemer saloon steamer had 
been taken to Hull for the purpose of being altered and 
repaired. It appears that these alterations have been made 
in the Albert , whence the vessel emerged on Friday 
evening last to go through her trial trip. She is now of an 
entirely changed appearance, the bow ends having been 
built up and brought up to the same level as the central 

rtions. The swinging saloon with its controlling hy- 

raulic machinery has been taken out, so that the ship is 
now much the same as any other ordi seagoing steamer. 
She is now the oe of Mr. Sugden, of Leeds, and 
Mr. Gilbert, of . The official trip will be made during 
the present week. 

New Colliery at Treeton, near Rotherham.—The Rother 
Vale Colliery Com io which owns and works the Fence 
and the Orgreave Collieries, is at present sinking a shaft 
on the Duke of Norfolk’s estate at Treeton, near Rother- 
ham. This new colliery is to be called the Treeton Colliery, 
and was commenced in May last. are two shafts, 
each yoy 15 ft. gy and are now fy 

own respectively. ey are being sun! the 
boi thick coal or six-foot seam, which, it is expected, 


will be reached early in 1878. 
The Water Supply of Mosborough.—At the latest meet- 
ing of the Local of this district Mr. Firth i 


» engineer, 
attended and reported that it was practicable to supply the 
district with water direct from Wokington, and the slerk 
was, in consequence, instructed to I the Bebington Water 
to be carried out. In the event of the i Water 
pany declining to accede te the request, an application 
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will be made to the Local Government Board to sanction a 
separate scheme. 








NOTES FROM THE SOUTH-WEST. 

The Tenedos.—The boilers of the Tenedas have been 
found to be so defective that the Admiralty have directed 
them to be removed for further examination, and if neces- 
sary new boilers will be provided for her. 


Launch of a Man-of-War.—On Thursday afternoon an 
addition was made to Her Majesty’s Navy, by the launch 
of a screw sloop of war at Devonport Dockyard. She was 
named the Condor by Miss Annie Moore, daughter of the 
chief constructor. The Condor will three heavy guns. 
She is built for speed. Her cugheas sod horse power. 

Trade at Cardifi—The quantity of coal exported from 
Cardiff during the past week was 56,330 tons, a decrease of 
2932 tons com with the previous week. This is attri- 
buted to the interruption of trade: occasioned by the Christ- 
mas holidays. Prices continue firm. An improvement in 
the iron trade is reported, 1700 tons of rails having been 
shipped, an increase on the previous week of 830 tons. 

Engineers in the Navy.—A recent waged circular 
and advertisements announcing that their lordships are 
prepared to receive candidates for the office of second-class 
assistant engineers in the navy, positions which have for 
some years past been filled from the Government factories, 
are exciting diversified feelings among the engineer officers 
at Devonport. At the present time there are two classes 
of officers in that parti branch ; one which has passed 
into the service from the Government factories, and the 
other composed of those who entered from outside. It 
will readily be conceived that the latter strongly approve 
of the present proposals of the Admiralty, whilst many of 
the former are as strongly op to them. The opponents 
have held a meeting at the Tem Hall, Devonport, 
and a long discussion on the subject took place. It was 
pointed out that during the whole time eé' students 
are at workin Keyham and other factories, their education, 
already good on entry, received careful attention, and on 

ing into the service an educati » as wellas a prac- 
ical test, is applied, and only recently two very good 
workmen were rejected through failing in mathematics. 
Speakers, therefore, expressed concern as to what would be 
required of those coming from outside, and as to whether 
they would have the benefit of twelve months’ study at the 
Royal Naval College, Greenwich, or be at once sent to join 
ships. After a | hy discussion it was agreed to adjourn 
the meeting until after the examination. 

Welsh Mineral Statistics.—The mineral statistics of 
South Wales for 1875, taken from the returns for the 
United Kingdom, issued by Mr. R. e 
mining records, indicate a falling off in the production of 

i as compared with 1874, but an increase in the 
output of coal to the extent of 447,712 tons, the total 
quantity raised in 1875 being 10,632,597 tons. 




















| 
j 





_Jan. 5, 1877.] 


ENGINEERING; 








THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.* 


By Jzrem1aH Heap, Middlesbrough. 

In the year 1850, Sir William G. Armstrong, of the Els- 
wick Engine Works, Neweastle-on-Tyne, brought out a 
hydraulic —_ consisting of three cylinders acting upon 
one shaft. The cylinders were » laced side by side; they 
were single-acting, and oscillated upon trunnions j 
ing at about mid-length. The piston rods were simple rams, 
and each crank was placed at an angle of 120 deg. with re- 
spect to the others. It is obvious that where water or other 
inelastic fluid is used to convey the pressure, the admission 
and exhaust must always be made to commence and termi- 
nate with the stroke. This could not have been effected 
better than by harman og as he did, the pressure-distri- 
buting or slide valves to their respective oscillating cylinders 























after. Between that and the present time, however, several 
modifications of his original idea have been ht out. 
The first of these was by Mr. John Ramsbottom, of - 
road, Leeds, who in 1871 ted his well-known 

cylinder hydraulic engine for driving warehouse cranes, 


age e has excelled Sir William Armstrong i 

an ——s , as will be seen from an examination of Figs. 
3 and 4, He has a very neat and ingenious method of 
forming a three-throw crankshaft, but it is questionable 
whether it would be at all applicable to the very high 
pressures for which the Elswick engine was designed and 
used. Hethreads his three oscilla’ cy upon one 
pipe divided by a vertical diaphragm, ughout its length, 
and separating the fluid under pressure from the exhaust. 
In this pipe there is a port on each side of the aaa 
to each cylinder. The bases of the latter have each a 
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Ve 
direct. For when any crank is on the near centre as regards 
the cylinder acting upon it, the cylinder and crank are in 
one line. At that moment the exhaust of the previous stroke 
is finished, and the admission for the new one is required to 
begin. The movement of the crank as it passes over the centre 
causes a corresponding movement sideways in the cylinder, 
which motion is utilised by Sir William to open his slide 
valve. The admission is required to continue until the crank 
is on the centre at the far end of the stroke. At that 
moment the cylinder being again in a line with the crank, 
brings back the valve to the same position it occupied at 
starting, that is, just closes it. The same reasoning applies 
to ~~ exhaust, which needs to begin and end with the return 
stroke. 

The engine designed upon these principles will be readily 
understood by an examination of Figs. land2. But there 
were other advantages afforded by this engine, which, 
though the inventor no doubt perceived their importance, 
were not much recognised by engineers generally until at 
least fifteen years later. 

The rticular features to whichI refer are: First, 
the equable rotative force of such an engine at all parts of 
revolution, and, secondly, the circumstance that the rams 
were in close contact with their respective crank pins 
throughout the backward as well as the forward stroke. 
For a | the forward stroke each one was pee. its 
crank, and during the return stroke was aa | pushed b 
it. This peculiarity prevented the possibility of any rattle 
or slogger at any of the bearings, and, therefore, made the 
engine specially well adapted for running at a considerable 
speed, quietly and without undue wear and tear. I am not 
aware that the Elswick engine was ever made reversing, 
but there would be no great difficulty in so arranging it if 


neuer 
No other English inventor seems to have followed Sir 
William Armstrong’s lead until the year 1871, 21 years 


* Paper read before the Cleveland Institution of Engi- 
eers. 
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single port, which correspond with either the pressure or 
exhaust ports in the divided pipe according as the cylinders 
are oscillating to the one or to the other side. By theintro- 
duction of a four-way cock, this engine can be made to re- 
verse equally with its predecessor. I have said that it was 
not till 1871 that any 3 lish inventor followed the lead of 
Sir W. G. Armstrong. e Americans however were not 
so tardy. In 1865, Mr. Hicks, of New York, brought out 
a very ingenious engine, which is illustrated by Figs. 5,6 7, 
and 8. It resembles the Elswick engine in being single- 
acting. It differs from it by having four fixed cylinders 
arranged radially round the shaft, instead of three oscil- 
lating ones side by side; by having one crank instead of 
three ; by each cylinder being made to act as a piston valve 
for admitting into and exhausting out of the cylinder next 
preceding ; and by its being s for use ass steam as well 
as a hydraulic engine. Mr. Hicks originated the ingenious 
method of securing several connecting rods to one crank 

in by means of T-shaped ends and a pair of rings (see 

igs. 7 and 8), which has since been a ; certain 
subsequent inventors. The simplicity with which hi mane 

























is started, stop or rev eng agtren. ~ i 
valve is noteworthy ; and » for novelty and 
originality of design, this must as one of the most re- 


markable machines ever brought out. Mr. Hicks’s engine 
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balanced, a most important thin; 
for high speeds. 6. Notwithstand- 
ing this want of room at the centre, 
Guldpiclenged cwiog: to ths length 
w o: ti) e 

of the pistons, making it less compact 
than it otherwise would have been. 

In the year 1873, viz., one year 
after Ramsbottom’s and eight Pheri 
after Hicks’s patents, Ny 
Brotherhood, in two —— brought 
out his well known a er or 
triple engine (see Fig. 9. Figs. 15 to 
23, to be published hereafter, also 
apply). It was at first mainly known 
in connexion with hydraulic pres- 
sure, driving capstans, although he 
also constructed it for other purposes 
os consilig ana haben allie 
us consider it as a hydraulic \. 
It was single acting ‘ike all its pre- 
decessors, with its ree ge | rods 
always in close contact with the 
¢ pin, and the pistons acted at 
angles of 120 deg., as in the case of 
= —— and the Leeds engines. fi 

e cylinders were arranged 
round the shaft with a s radial 
like the American engine, which was 
also closely followed as regards the 
jointing of the connecting rods to the 
pistons and crank pin. 

The novel features were, first, the 
adoption of a disc or of a cylindrical 
valve driven by a trailing crank for 
distributing the fluid pressure, and, 
secondly, discharging the exhaust 
into 1 para ow py allow- 
ing i out in @ open air. 
Considered as a steam engine it had 
some additional advantages. The 
form of his valve enabled him for the 
first time to work expansively, subject 
to certain limitations which will be 
afterwards considered ; and it also 
enabled him to cut off the exhaust 
before the end of the stroke, thereby 
introducing the to cnshion for 
the outward stroke. He appears in his recent practice to 
have given the preference to cylindrical rather than to disc- 
shaped valves, and no doubt wisely, because the latter, owing 
to want of uniformity of speed over their surfaces, would be 
a _ ve badly, —_ arr tema a yn — 
riple cylinder engines, by s e valve with res 
to the crank round the central axis, and the fitting of 
horizontal governor operating on a throttle valve inside the 
pressure distributing valve where reversing was not re- 
quired, were improvements originated by him. Exhaust- 
ing into the central chamberinstead of into separate passages 
as Hicks’s did, was a valuable point in Brotherhood’s steam 
engine ; for thereby the c pin and connecting rod ends 
were oy lubricated by oil introduced with the steam and 
passing through with the exhaust. Most subsequent in- 
ventors have wisely retained this feature. Again, havi 
yi acs ge — ly packed pci and valves expel 0! 
g packed plungers or unpacked pistons as prede- 
cessors did, the kind of ing became of importance. In 
his earlier arrangement he shows in his pistons three Rams- 
bottom rings, used as the inventor ‘ape used them, in 





separate grooves for his pistons. His valves being then of 
the disc or saucer form required no packing. we bie etter 
examples he uses both for pi and for his cylindrical 
valves, Ramsbottom rings, in some cases made of brass or 
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-bronze, in crossing joint and in posi- | tiers of bars abutting against it to be very uniformly heated | is the parabolic. Where is the nonsense? It is a parallel 
Healy ip ed oem monroe ae, Deh | eh Se se tra peceeid | SES VERE SUE TERS Cia eats 
i and are i therein this le ing we are ena - | specific gravity as itself. such a ly m a 

pete or ors Th Y | eighteens the Umar eae al-es “bacer and’ aloe ta-obbaie | Ligher peotienr tea “lowes, %h would Qu ue work in iis pac 


ing over the pi ape ee Pie ee wy oes 
rings was ieve, and is now 
largely used in the Cleveland district. 
it as a whole, Mr. Brotherhood’s engine, especially 
considered as a steam engine, contained important improve- 
ments on previous types ; although, as we shall afterwards 
find, the reversion to three cyli instead of four (the 
number adopted by Hicks) was a retrograde movement. 
Mr. Brotherhood’s triple engine bas been applied with con- 
siderable success to centrifugal wringing machines, helical 
pumps, torpedo p , circular saws for bloom cutting, 
and certain other purposes. It is to be noticed, however, 
that none of these are cases where starting without assist- 
ance at any part of a revolution is an essential con- 
sideration. 
But other inventors seem to have been at work in the 
same direction. In 1874 (the year following) Mr. Peter 
William Willans patented his three-cylinder engine (see 
Figs. 10 and 11), which ng | taken up , 4 that ener- 
ic firm, Messrs. Tangye Brothers, of Birmingham, 
soon became a formidable rival to Brotherhood’s. Willans’ 
engine was the first of the three-cylinder single-acting type 
which was brought out exclusively asa steam engine..In it the 
three cylinders are arranged side by side, forming one cast- 
ing with the pedestal upon which they stand. It is like 
Hicks’s engine in having no piston , the connecting 
rods being jointed direct to the pistons, and also in having 
a closed chamber in which the cranks work. It resembles 
it further in that each piston is made to act asa valve for 
admitting steam to one of its neighbours. 
Mr. Willans has however chambered out his pistons, and 
introduced a pair of king rings at each end, and thus 
avoided two of the faults of Hicks’s engine. He adopts 
Brotherhood’s plan of exhausting into the central chamber 
before discharging into the open air. He has a convenient 
method of starting, stopping, and reversing with one valve 
similar to Hicks’s. He can work expansively, but as in the 
case of all three-cylinder ee engines, he cannot 
cushion for the inward stroke. As I shall presently show 
neither this nor any other three-cylinder engine can be 
le to cut off earlier t about seven-eighths of 
the stroke without series . Sond points. Looking 
at it as a whole, Mr. Wi ’ engine is a neat 
and ingenious variety of the kind under consideration. 
“lm 15, the Ll following ao ll a vpes ~~~" 
ree-cylinder si acting engine was brought out by one 
of our members, Mr. G. A. Clough, of Stockton-on-Tees 
(see Figs. 12 and 13). In external appearance it much 
resembles Willans’ engine. It has the three cylinders 
forming one casting with the pedestal, the three-throw 
crank, the close chamber in which the latter works, and 
into which the steam is exhausted; the three pistons and 
the three connecting rods jointed in them. The principal 
difference is in the method of working the steam-distributing 
valves. This is done by prolonging the small end of the 
connecting rod upwards beyond the journals upon which it 
oscillates, and utilising the reciprocating movement thus 
obtained to operate a slide valve which is contained in the 
sary itself. Though essentially a steam engine, itis clear 
t in this case also the fluid pressure must be continued 
during the whole length of the stroke, admitting of no ex- 
m. At least this must of necessity have been the case 
until Mr. Clough introduced recently a loose plate, acting 
as an expansion slide on the top of his main slide. The 
latter was now altered to a flat-topped through-ported slide. 
The plate is kept close to it by the steam pressure, and is 
carried with it as it travels sideways, until it strikes against 
the inner surface of the piston. ‘The main slide then under 
runs it, cutting off the steam at any oy of the stroke 
ing to the width of the plate. This ment is 
novel and original, and I do not see why it should not be 
efficacious. . Clough has not as yet made his engine to 
reverse. As before it is to be noted that this engine also, 
if the steam be cut off earlier than seven-eighths of the 
stroke, will not start without assistance. 
(To be continued.) 





THE NEW THERMO-PILE, 
To THe Eprror or ENGINEERING. 

ah eo oe report of Eoeeteeemmasions of the 
0 Engineers, which ap in your 
ae of the fe ult., you were siapaell te action’ the 
hermo-electric pile recently patented by me and my 
brother, and exhibited by us at that conversazione. Re- 
ferring to that notice you will perhaps (with a view to pre- 
vent misapprehension) be good enough to permit me to offer 

a few and very brief explanatory observations. 
The thermo-generator of M. Clamond to which it alluded, 
essed to be an improvement, and to be ‘‘ based upon 
he thermo-electric-generator, patented in England by 
Messrs. Mure and Clamond, on the 7th Octoker, 1868,”’ and 
its novelty appeared to consist essentially in the slightly 
altered mode and form of “‘ a or fitting the negative 
plates, as described and shown.”’ In these, as also in prior 
patents, the inner ends or junctions of the bars or couples 
are exposed to the destructive action of the flame of the 
burner, the products of combustion, and the heated air, 
with the inevitable consequences. Continued and careful 
observation convinced us that until this destructive action 
was entirely prevented, a really enduring thermo-pile 


could not be hoped for. 
Our first object, therefore, was to accomplish this task 
in which we completely succeeded by employing an internal 


tube, against the outside of which the inner ends or 
junctions of the bars abut radially. 

Inside this tube a Bunsen or other suitable burner is 
placed, which soon so heats it that it becomes a bright 


other important advantages, which I will not now enter 


upon. 

Our second object was to secure a more equable diffusion 
of the gas in the burner, and to prevent the mischievous 
explosions which heretofore occurred on lighting and on 
turning off the gas; and this we effect by placing a cy- 
linder of fine wire'gauze or of finely perforated metal inside 
the Bunsen burner. ‘ 

Our third object was one of more than ordinary im- 
portance, viz., to construct the thermo-bars or couples in 
such a manner as to secure the greatest possible strength, 
the highest electro-motive force, the smallest electric re- 
sistance, and an almost absolute certainly of continuity, 
even when the negative is broken outside the insulating 
dise upon which it rests. 

The mode whereby we propose to obtain these results is 
fully set forth in our patent, but may be briefly stated as 
follows, viz.: When we use for our negatives any thermo- 
electric alloy analogous to that employed by Rollman, 
Marcus, Baker, Clamond, &c., we cut the metal for the 

sitives into the form of a dovetail at the end to be 

eated, and at the other or cooler end in the same manner 
but with an elongation or tongue; and these ends of the 
positives we place firmly in the moulds, and cast the 
negative alloy on them so as to embed the dovetails and 
elongations in that metal, by preference employing pressure 
in such casting. That we do obtain the results aimed at 
can be sufficiently demonstrated to any practical man. 

In the foregoing our principal improvements really con- 
sist, although the other improvements—such as building up 
the tiers of bars in the particular manner mentioned in 
our report, the nice regulation of the draught, the coke 
urnaces, &c.—are, in our estimation, of a very important 
nature, but I will not now venture to trespass so far upon 
your indulgence as to attempt an explanation of them. 
Yours faithfully, 
RAY. 


London, January 2, 1877. CECIL 








HARTNELL’S GOVERNOR. 
To THE EDITOR OF ENGINEERING. 

Srr,— Will you again favour me with space to reply to 
Mr. Hartnell’s critique of my former letter? He commences 
with a short essay upon the literal meaning of certain 
phrases, but quite ignores the fact that the accepted mean- 
ings are often different. For instance, I apprehend that 
the majority of your readers upon meeting with the state- 
ment that a given force could “never exceed” a certain 
value, would understand that under certain conditions the 
force in question might reach the value given. They cer- 
tainly would never suppose that the writer was letting off a 
quiet little joke’at their expense, and that presently they would 
be told that though the stated‘limiting value was many times 
greater than the actual maximum value could be, still the 
sentence was ‘‘mathematically correct.’’ Mr. Hartnell would 
be “‘ mathematically correct’’ if he stated that the power 
given’ out could in foot-pounds ‘‘neverexceed”’ the weight 
of the balls multiplied by ten times the distance through 
which they are raised ; and this statement would be scarcely 
more absurd than was the original one. 
In paragraph 9, he recognises the difference between the 
power of a governor and the resistance of valve gear, yet in 

phs'3, 4, and 5 he needlessly and thoroughly con- 
uses them. In any consideration of the qualities of a 
governor, we need only bear in mind that upon a variation 
of speed it will possess a certain amount of power. The 
amount of this power will not in any way be affected by the 
amount of the valve resistance ; the latter may be either 
greater or less than the former, but the former will never- 
theless be always the same quantity. In considering the 
power of a governor then, we do not need to consider the 
resistance of the valve gear any more than when we calcu- 
late the power of a given steam engine, we need to estimate 
the resistance me certain machinery. 

If Mr. Hartnell will honour me by again reading my 
letter, he will find that I do not in any place mention valve 
resistance, or, as he somewhat confusingly puts it, the 
= owes given out by the sliding piece.”’ 

n the original article the following sentences occur : 
“‘The higher the ball rises the greater the power.” 
**To increase their power . . - the arms are crossed so 
that the balls rise higher for the same variation of speed.”’ 
Reading it—‘‘ the _< the ball rises for the same varia- 
tion of speed,’ I think I have in my first letter clearly 
demonstrated that the less will be the | ew for a given 
movement of the balls because a less difference of speed, 
centrifugal force, and lifting force is requisite to cause the 
movement ; and in the case of the true parabolic governor, 
no difference whatever is moe § If Mr. Hartnell will 
give his ‘‘ easy demonstration” of the contrary I shall feel 
obliged. 

To clear away the alleged ely of the word sensi- 

tiveness, I must state that I have throughout used the 
word as referring to the quality a governor possesses of 
making its excursion under a small variation of angular 
velocity ; the smaller the variation necessary the greater 
the sensitiveness. If a governor jumps up and down under 
the action of the valve gear, this quality may be more 
clearly defined as weakness. 
I was not the first to import the approximate parabolic 
or cross armed governor into the discussion, but the writer 
of the article. Still, no matter who introduced it, I fail to 
see why it should be excluded from a consideration of 
pendulum governors. Will Mr. Hartnell explain? 

In paragraph 9 Mr. Hartnell accuses me of writing 
nonsense. I stated that a governor which 
same lifting power with the same angular velocity, in its 
two extreme positions would give out no power when its 


sage; neither need work be done upon it, to raise it to 
its former position, to overcome surface friction. — 
As to the question of stability. No governor running 
steadily in one peeien has any absolute stability ; it is in 
equilibrium. by any outside force, such as valve resis- 
tance, it be thrust out of the sao of equilibrium, it ac- 
quires a resistance to such a force, the resistance increasing 
with the amount of disturbance. This resistance to dis- 
turbance may be conveniently termed stability, although it 
only comes into existence after the disturbance has com- 
menced. I was quite aware that the calculation I made 
would measure this accumulating resistance, but I will 
endeavour to make it clear to Mr. Hartnell that it is more 
correct to call it a calculation of the power than of the 
stability. By the above actual stability is shown to have 
no existence. But suppose, as in my first letter, such a 
sudden reduction of s as would leave the position of 
the governor unattended, while the centrifugal and lifting 
forces must necessarily be reduced (in the example given by 
11.5 lb.), and that simultaneously with the reduction of 
speed a weight of 11.5lb. be brought to bear upon the 
governor system in such a manner as to balance 11.5 lb. of 
the weight of the central ball, then the governor will not 
fall, but will continue to revolve in the same plane. If the 
11.5 lb. weight be removed the governor will commence its 
descent with, I think Mr. Hartnell must admit, a force of 
11.5 lb., and, therefore, my calculation is truly of the power 
of the governor. 
We are told that the ‘‘ hyperbolic’’—probably a misprint 
for parabolic—governor would give out power after the 
balls had reached either extreme position. This no one 
denies. But the cross-armed governor—Mr. Hartnell’s 
type of power—is the nearest approach to the parabolic, 
and if a governor requires such an alteration of speed as 
will more than carry it to its mechanical stops, to develop 
in it a given amount of power, it cannot surely be spoken 
of as a powerful type. 
In comparin the spring governor with the gravity, we 
are now told chance figures were given.. But to make a 
fair comparison, if the travel of one type is changed, the 
travel of the other must be correspondingly changed ; Mr. 
Hartnell says, referring to the gravity governor, that balls 
with half the weight and double the rise would give out 
equal power. By the same reasoning if we double the 
traverse of the Hartnell balls half the weight would suffice, 
and the ratio is still 17 to 1. In the description of the 
Hartnell the actual traverse of the balls is withheld, but the 
gravity governor is debited with 2in. only. In the com- 
parisons made in my former letter the Hartnell was given 
oe advantage of 3in. travel as against 2}in. for the 
rte 


orter. 
Mr. Hartnell states that the governor described is that 
of an 8 horse power engine. The Porter governor de- 
scribed, which is ‘‘ slightly larger,”’ is onententaliay control- 
ling the expansion gear of a 20 horse power engine. 

Mr. Hartnell entirely misses the point of the “final 
calculations.”” A governor usually ch its position in 
steps of about 4 in. or }in., at the end of each step coming 
again to equilibrium. Now the sustaining power of the 
balls of the given Porter governor is always 70 lb. when in 
equilibrium, while the sustaining power of the Hartnell 
balls will vary from 68 Ib. to 1291b. At a change of speed 
the power of the governor will be a proportionate part of 
the previous sustaining power of the balls, therefore for 
every in. rise or fall of the central weight in the Porter 
equal work will be done, while in the Hartnell it will vary 





as 68 to 129 


I am much gratified that the result of my first letter has 
been a reduction of Mr. Hartnell’s claim to comparative 


efficiency from y to *- I hope he will now sce his way 


= 2 


to the much easier step from = as given by my- 
self. 


i 
I am, Sir, yours sntese™ a 
Woolwich, December 26, 1876. ; 








CLEVELAND IRON ». STEEL. 
To tHE EprToR oF ENGINEERING. 
Srr,—I have seen from time to time your notices and those 


of your contempo , of the experiments being carried out 
by Mr. I. Soutien t c s 
homogeneous rails from Cleveland iron, superior to the now 
perfected Bessemer and Siemens steel. 
were such hopes held out for the new material that the 
shares of steel rail-making companies were slightly affected, 
but of course when those interested made further inquiries 
they found their fears to be groundless. 


Bell, M.P., with the object of making 


At one time there 


I do not blame Mr. Bell at all in the matter, but I think 


it is desirable that the engineering world should know the 
merits of the case. 
self-preservation ; every one is aware of the late depressed 
state of the Cleveland iron trade, the long continuance of 
which has led interested parties into very grave apprehensions 
for the safety of the immense capital invested. ‘The North- 
Eastern Railway Company who has the monopoly of the 
traffic in the district, and the dock accommodation of the 
two principal ports, Middlesbrough and Hartlepool, have 
participated largely in the general panic ; they imagine that 
the Cleveland iron trade is going to the dogs, and their 
traffic is in jeopardy ; hence the stratagem. Mr. Bell, one of 
the directors of the North-Eastern Railway Company, and 
essed the | a Cleveland ironmaster, has raked up some old experiments 
made in Wales many years ago, and abandoned, and has 
brought them out as so i 


It is clear the project is a scheme for 


new ; and a high official of 








glowing mass from the bottom to the top; causing the 


balls passed from one extreme to the other. 








ch a governor | the 





orth-Eastern Railway pany has pronounced his 
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opinion that it is possible to make homogeneous iron rails phon himself, as it is also the cause of the trouble to which to ascertain (if it has not been done) what of 

Cleveland p ual in every respect to-steel, at-a as well as “1000-Oylinder Motor” have been put. Of Seth es over Landen Bridge ightly ‘bel to 
pros Po = less cont Now it will be found on analysis | course I in no.sense assert.or have that Mr. Head | Southwark Bridge ? ti — 


that Mr. T. E. Harrison’s opinion is utterly worthless when 


asserted 
knew of such seeniteation, or that he had “knowingly” in. 


Yours 





based on possibilities or mere conjecture, this opinion j fringed our ri y letter conveys no: such meaning, te * STANNAH. 
is expressed in the face of the growing popalaity of steel} and should Mr. Biddell have so mi it, I trust he | 20, Southwark Bridge-road, London, December 27, 1876 
with every other railway engineer of any note in the world, | will do me the justice to abandon the false impression at ; 
and their opinion is based on expe once. vi “a 
While the North-Eastern aeleey. Company were con-| As regards the other part of my complaint against Mr. NOTES FROM THE NORTH. 

sidering the proposal to erect works to carry out Mr. Bell’s | Head, I have to say that a comparison of the wings of Guasaow, Wediesday. 
roject, Messrs. Hopkins, Gilkes, and Co., of Middles- | his specification, No. 1027, 1876, with the dra: of Mr.| Glasgow Pig Iron Market.—The warrant market was 
fou knowing the pros and cons of the process, made as | Peter Brotherhood’s specification, No. 2003, 1873, and an again weak last Thursday, and a further red: in of 3d. 


near an approach to it as they could with their present 
appliances, viz., homogeneous direct from the Danks | which is, I 
bloom, minus the proposed five minutes Bessemer blowing ; | his d 
and they did this with a certain amount of success, and 
submitted the results to the North-Eastern Railway Com- 


ny- 
Pethe North-Eastern Railway Company then naturally 
came to the conclusion that if Messrs. Hopkins, Gilkes, 
and Co., or any other enterprising firm, can redeem the 
aie of Cleveland, and multiply tenfold the traffic on 
Preir ines at monopoly rates, they do not, at a risk of 
paying a less dividend than they a y do, see the force 
of sinking 30,0001. in works, which might possibly after all 
turn out to be a complete failure. 

I see in the notice of the 22nd on this subject that Mr. 
Adam Spencer is assisting Mr. Bell in his ex riments, 
** who is himself the inventor of a revolving puddling ma- | ha 
chine.” Now I doubt Mr. Spencer’s claim to be called an 
inventor, as the machine he had constructed when at West 


addition of 


understood 


examination of the 
drawings, will be sufficient to convince 


engine 
intents and 
details except 
added to the original three. 

I alluded this 
were intended for a protest, as I do not consider the mere 


the same, 
vention as would entitle Mr. Head to appropriate the whole 
of what he has ad 
though in using the word appropriate I do not wish it to be 


utmost that Iimpute to him being simply this, that he has 
zy and unsound notions of what is patental 
common thing now-a-days—and that in this 
stance he has shown us a somewhat better 


ve now used by that gentleman— 


ton took place. B =. 07 
somewhat different to those shown in i © meant ee ak te ; Pago 


Bes. 3d. to 58s. 14d. one month, the market. 
forenoon, sellers 58s. cash, and 58s. 8d. one month, buyers 
Fag re ton less. In the afternoon 57s. 10}d. cash, and 
. 1d. one month were accepted, and the market closed, 
buyers at those prices, sellers 14d. more. The warrant 
oes pete ae Sovqnoom, there being 
no afternoon meeting. Business was prices 
were weak, transactions bei pers op at 57s. 10d. to 
57s. 9d. cash, and 58s. to 57s. 104d. one month. The 
market closed with re dg at 57s. 9d. and 57s. 10d. respec- 
tively, and sellers 14d. per ton more. There was thus a 
fall of 74d. per ton over the week, and the year at 
1s. 10}d. above the lowest, 8s. 6d. under the highest, and 
9d. under the average price of the year. - The closi 
was 6s. 9d. under the 


believe, 


as a new invention by Mr. Head is to all 
purposes the Brotherhood engine in all its 
for a fourth cylinder piston, &c., which he has 


to this in my previous letter in terms which 


an extra cylinder in this. way, all other things 
an invention at all, much more such an in- 


ded to, as I have stated he has done, 


as charging him with unworthy motives, the 


rice 

final quotations in 1875. There was 
no market on er es that being New’ Year’s Day, and 
a holiday in Scotland. When the market opened yester- 


‘ Y , J day morning there was no improvement in ap » 
Hartlepool was a conglomeration of many ideas, evolved.| such haziness than is wagelty met with. I have only now | and, if anything, at a large attendance of brokers, ig 5 
chiefly from previous inventions, and the machine was at | to say that I am sorry Mr. Biddell has referred to the pri- | had the best of it. Business opened at 58s. to 57s. 11d. 


best cumbersome. I must apologise for trespassing : a 


space. 
PDock Hill Engine Works, Middlesbrough-on- 
Tees, December 27, 1876. 


but I have 


ssion, 








FOUR-CYLINDER ENGINES. 
To THE Epiror oF ENGINEERING. 

S1z,—In a recent issue you publish two letters, one 
from Mr. Biddell, of Ipswich, the other from “‘ Dock Hill, ”’ 
Dock Hill Engine Works, Middlesbrough-on-Tees. As those 
letters refer to mine published in yours of December 1, I 

shall feel obliged if you will favour me with an opportuni 
of answering them. I will take Mr. Biddell’s letter first, 
and at starting I think I am entitled to complain of the 
somewhat unfair way in which Mr. Biddell has coupled me 
with the author of the letter signed ‘‘ 1000 Cylinder Motor ” 
published in yours of the 24th, November. I do not make 
this complaint because I object in any oy Bie the company 
of that gentleman—not having the least owledge of him 
—but for the reason that I find it difficult to understand 
which of the expressions—‘ bad tone, uncourteous lan- 
guage, unworthy insinuations, harsh treatment, hard re- 
ae and bitterness, ” all of which are contained in Mr. 
Biddell’s letter, are intended for me, and which for the 
gentleman he has so coupled with me. As this uncertaint: 

compels me to take up the case of my companion as we 
as my own, I will begin with the letter of “ 1000-Cylinder 
Motor, ’’ and the question to be determined in reference to 
it is, are its statements true, and if so is the reproof im- 
plied in it deserved ? 
Fortunately this question can be settled conclusively 
by two published documents both of which bear Mr. Head’s 
signature, the first being a letter upon three-cylinder 
engines published in yours of the 26th of May last, and 
the other the specification of Mr. Head’s patent, No. 1027, 
March 9th, 1876, asa reference to them will at once show 
that althongh Mr. Head was on the 26th of May giving the 
weight of his name to some severely adverse criticisms 
upon three-cylinder yg eR presumption being that 
- was ——- as to J e yom gy of those SS 

e was at that very time in taking out. let 

patent for a four-cylinder engine contai precisely 
the same features and errors as those he 


be 
as well 

tion he will 
and 


appreciated 


hing it. 


publish the 


elected. 


in the case 


vate character of Mr. Head. 
rivate character has however not been attacked in this 


As rds the le 8 
to pag: 
rfect knowledge of the matte 


the other specifications referred 
Payton and Holmes, No. 1567, 1875, 


he speaks of as Mr. Head’s, 
ty | approves of in that gentleman’s s 
iscovered some eleven mont: 
specification in which he did read them. 

I have only now to add that if ‘Dock Hill’ 


language contained in 
pen through the whole of his last paragraph before pub- 
is 


Brook Green. 


SOCIETY OF TELEGRAPH ENGINEERS. 
To THE Eprror oF ENGINEERING. 
Srz,—I am glad to see that you propose in future to 


this was done 
members of the profession. 
instant, it is stated that twenty-one new members were 


associates, or students ? 
classes, but it is felt by some 
years’ standing, that as 
stal telegraph clerks have 
on no pretension whatever to 
neers, that the society is not main’ 


December 30, 1876. 


Tdo not know the gentleman, | one month, and 57s. 9d. cash, the market closing in the 
is said of him is true; his | forenoon, buyers at the latter prices, sellers 1d. more. In 
the afternoon 57s. 9d. fourteen days was , and the 
market closed at 57s. 9d. cash. The market was flat this 
forenoon, when a good business was done in warrants at 
57s. 6d. cash, closing sellers over, and buyers at the same 
price, with fourteen days to pay. There.was a noey 
market during the afternoon, with business done at 57s. 6d. 
cash, closing buyers 57s. 6d. ten days, ‘sellers at the same 
price prompt cash, The closi weak of the year was one 
of expectation, the annual statistics of the trade—always 
anxiously waited for—being then completed. Much im- 
portance is attached to them. The results show that the 
past year’s was even worse than had been ontiaioeted, 
rediistion 

D 


no doubt all that 
and it ought not to have been imported into it. 
si 7 * mending «8 I have only 
it appears ve @ very im- 
pe 
before wri again upon it for him to obtai 
to, particularly that of 
| Edeoot dt aie 
general design of the e 
but all thons other points he 
ification, fully detailed 
before the date of the 


had fully 
the force of the remarks about moderate 
his letter, he would have struck his 


as the writer o 


see not only the 


through the stocks in the country having nearly d 
the twelvemonth. They also show an incr prod 
with a diminishing export. Unless the foreign trade im- 
proves rapidly, of which there is no indication at present, 
the prospects of the trade are by no means favourable. 
rome baw ie dull and most brands are lower in dealers’ 
, though no official reductions have been announced. 
Last week’s shipments amounted to 4964 tons as against 
5220 tons in the corresponding week in the year 1875. The 
stock in Messrs. Connal and Co.’s stores continues to in- 
crease, and is now over 110,000 tons. 


Manufactured Iron.—Malleable iron in its multifarious 
forms continues to be in good q i 
are still well employed, and are likely to be so for some time, 
at least, after the holidays, which will in most instances con. 
tinue ail this week, 

The Locomotive Trade.—At the present time the manu- 
facture of locomotive engines is not as brisk as it has been, 
but there is no special occasion for despondency. Very 
good orders have lately been booked for the Caledonian, the 
—— and South-Western, and the London, Chatham, 
and Dover Railways, and other orders of some consequence 


W. Payton. 





Proceedings of this Society; it is time that 
by a leading Paper influential amongst the 
n your issue of the 29th 


you aware if they were elected members, 
Provision alge for 4 three 
tolneren ineers of man 
man: tay: mechanics, ps | 
Ser ee ae 
‘aph engi- 

intaining its Seallien. It 


is fast becoming simply a branch of the Postal Telegraph | are confidently expected 
Department, I enclose my card, and am, Sir. Improvements on the Highland Railw ay.—Th hout 
Yours a T.B, | the past year many improvements have been out 


on the Highland Railway that have conduced materially to 
the comfort of the travelling public and to that of the 
cage. Several new stations of a neat and substantial 





leave Mir Head be ne an onely objected to. I will| THE PROPOSED NEW BRIDGE ACROSS | build such as those of plants slese-tie len comeniion 
leave Mr. Head to account in his own way for such incon- THE THAMES, cottages have been raised for the benefit of the surfacemen. 
sistency as this, but I will ask Mr. Biddell to say whether To THe Eprror or ENGINEERING. Contracts have just been entered into by the company for 
or no a reproof from the parties whose business Mr. Head’s S1r,—In reading the account of a meeting of the Court of | the extension of the 


criticisms were calculated to injure—if they had been 
sound—had not been fairly earned by him? I at least think 
so, and although I do not admire the style in which the 
letter of “ 1000-Cylinder Motor” is written, I entirely fail 
to see how + one of the unpleasant expressions I have 
quoted from Mr. Biddell’s letter can in any way be justly 
— to it. 

now come to my own case, and selecting the most un- 
pleasant of the quotationsabovereferred to, viz., ‘ unworthy 
insinuations,’’ I ask where in the letter ing my signa- 
ture an insinuation of any kind is to be found? ‘The as- 
sertions J made were put in unmistakable language, and I 
gave the name and number of the document which proved 
them true, and I think Mr. Biddle might at least have re- 
frained from applying the expression ‘‘ uncourteous” to my 
statements till he ascertained whether they were justi- 
fied by the circumstances or not. The e of reproof 
is always “‘ uncourteous” and even “ bad tone”’ to those on 
whom it falls, and no one has a right to condemn such 
language till he has first ascertained that it has fallen un- 
ustly. 


J 

Mr. Head is no amateur, but an e need inventor 
who understands the obligation he is under to ascertain as 
faras he can whether his invention is novel before making a 
declaration that it is so, How is it then that he failed to 
do so in this case? “Payton and Holmes’s specification, 
No. 1567, 1875, had been in print months before the date 
of his patent, and a search of a few minutes would not only 

ve p a copy in his hands, but, would have destroyed 
at once any idea he may have had of applying for letters 
patent for the same invention. That he did not so search 
18 clearly the cause of the trouble he has brought 


Co 


id 
build 


But wh 
London 
More than 
and that the 


tween 








mmon Council respecting the above subject contained in 
vehi traffic over London Bri 
To be as brief as possible, the 
7800 vehicles 
new bridge or 
traffic by about 1200 each way. This then reduces the 
traffic to about 6600 each way, 
a the increase of traffic we 
after the new bri 
os London Bri 

ith regard 
would still have to go over 
one-third, or about,2200 vehi 
Southwark Brid 
was eq 
another midway between London and Blackfriars 
Bridges, either of which could be carried out chea 
quicker than the 
give about twice the relief to London Bridge. 
I do not object 
it by all means and as quickly as circumstances 
should we suffer from the overcrowded state of 
ridge during the years this is being done? 


or subway cannot of itself re 
Bridge) will be to im 


once. ) 
Would it not be well for the Court of Common Counci 


passenger department of the Inverness 
a and the completion of the covering of Forres 
station. 


Proposed Large Fowndry.—It is reported that on the 
estate of Possil, which is now becoming a populous suburb 
i been fenced to the 


an iron foundry, which be one 
t in Scotland. It is on'the same estate that the 
Saracen Foundry was erected some years ago for the manu- 
facture of Macfarlane’s famous sanitary and architectural 
castings; and previously it was the residence of the late 
5 of Lanarkshire, Sir Archibald Alison, the historian 
of Europe. 


, I was much struck with the returns of 


stand thus—about 
pass over London Bridge each way daily ; the 
subway it is calculated will only reduce this 


and if you take into con- 
ight reasonably 
occupied in building, 
or subway and approaches are com- 
e will be as crowded as it is now. 
to the other pecnens of the traffic which 
ndon Bridge, I will assume 
cles each way, would go over 
e if its approaches were level and the 
to it. If this is so why not rebuild it or 


tbe time (several years) 








Tue METEOROLOGICAL SociEry. 
meeting of this Society was held 
cember 20, at the Institution of Ci 
and | Geo 
proposed bridge or subway, and would 


—The usual monthly 


on Wed ' 
vil i , 25, Great 
rge-street, Mr. H. §. Eaton, M.A., ident, in the 
chair. Rev. C. C. Chevallier, T. Gordon, and Rev. T. H. 
ya were balloted for and elected Fellows of the Sede. 
he following papers were read: “‘On Observations wi 
the Psychrometer,” by Dr. R. Rubenson ( from 
the Swedish and abridged Dr. W. Doberck) ; 
** Contributions to H metry ; the Wet Bulb Thermo- 
meter,”” by William Marriott. F.M.S. ; “ Visibility,” by 
the Honourable Ralph Abercromby, F.M.S. Visibility, or 
unusual clearness and nearness of distant objects, is a 
very trustworthy prognostic of rain in this and other 
«é 4 ” a 


coun’ ; hic : 
letter from the late Commodore M. F. , Hon, 
M.S., to Captain H. Tonybee, F.R.A.8. 


to the eastern bridge or subway—build 


allow. 


this, it seems plain to me the proposed Lridge 
implest to do" ie withert satin onde 
simplest way 0 it (wit spoili on 

rove the bridge accommodation be- 
n and Blackfriars Bridges, and to de it at 
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; —The 
ITALIAN Rainways.—The receipts of all the Italian lines VicroriaAn Rartwayrs.—The costof a construction THE GERMANS AND THE FRENCH EXHIBITION. 
in the first nine months of last year amounted to 4,363,7531., | in Victoria is stated to be increasing 3, the cost of | German ——— phy abs pry ae 4 te = the Uni 
as compared with 4,270,586/. New lines were opened in ee at Paris in veral Ger: 


Italy in the first nine months of last year to the aggregate 


extent of 101} miles. 





tng estimate wan tneseened to 


constructing a line between Port Broughton and 
was Offeially estimated wa 


man industrials are stated, however, to be disposed to 
exhibit on the occasion. 
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THE PENNSYLVANIA RAILROAD. 


No. II. 
THE combined route to Pittsburgh was, however, 
scarcely opened for traffic when an agitation was 
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commenced for the construction of a through line 
of railroad, which should be independent of inclined 
plane working. Two charters for this purpose were 
granted in 1837, but they remained as a dead letter 
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for a number of years. In 1838 the 
ever, took a more definite form. Public meetings 
were convened, and after some delay, alternative 
routes were surveyed, and in 1840, that following 
the course of the Juniata and the Conemaugh was 
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decided upon as the most feasible. Six years were 
assed, however, before anything was actually done, 
n 1846 an Act, incorporating the Pennsylvania 
Railroad Company was passed, with a capital of 


NY 


et gie how- 


GOES CHENEN. 


10,000,000 dollars, The following year (July 16th, 
1847), the contract for the first 20 miles west 
of mer tee | was let, and the same month a sec- 
tion of 15 miles east of Pittsburgh. On the lst of 
September, 1849, the first division, 61 miles long, 
from Harrisburg to Lewistown, was opened for 
traffic ; and one = later the line was completed 
to a mile east of Hollidaysburg, where a junction 
was made with the Portage Railroad, In August, 
1851, 21 miles west from Johnstown were com- 
—_ leaving only 28 miles to join up with the 
ittsburgh sections running east. This was com- 
pleted, and on the 10th of December, 1852, h 
trains ran from Philadelphia to Pittsburgh vid the 
Portage Railroad, for more than a year, the t: h 
line not being completed till Feb 2, 1854. The 
route of the line over the Alleghenies is shown by 
the full line in the accompanying plan. But some ten 
years before, the Commonwealth had constructed a 
second lineover the mountains, shown in dotted lines, 
and crossing the summit by a tunnel almost close to 
the one subsequently made for the through line, 
Although this section was built at a grest expense, 
it was scarcely ever employed, and now, with 
the exception of the rea. | at the summit, disap- 
peared about as completely as the older Po 
road, although the formation still remains to indi- 
cate its course, and here and there are the stone 
blocks which were employed instead of sleepers, to 
the rails. 

e money for the construction of the Penn- 
lvania Rai was liberally subscribed by the 
tate, the City of Philadelphia having contributed 

in 1847-48 about 4,000, dols. ut when the 
work was completed and in operation, a general 
distrust born of past mee in the unprofit. 
ableness of public works, @ pecuniary point of 
view, arose, coupled with a strong desire to 

of the railway, and in 1854 a Bill was 

authorising its sale, No purchasers were ound 
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cts of the shareholders 
became all the more gloomy on account of the 
heavy tonnage tax levied by the State, This was 
afterwards partially repealed, but in 1857 another 
Bill was passed empowering the Commonwealth to 
dispose of her public works, and thus the Penn- 
sylvania Railroad Company under its present or- 
ganisation, became the purchaser. Under this new 
arrangement considerable improvements and de- 
velopments of the railway were made, to be sus- 
pended during the period of the civil war, and 
resumed immediately after its close. Of course in 
the mean time the State of Pennsylvania was being 
covered with a network of railways under the 
direction of other companies, but the great ex- 
tension and the power of the Pennsylvania Railroad 
Company rendered it advantageous for them to 
uire the control of lines other than their own. 
Thus in 1862 the company acquired by lease for 
999 years the Philadelphia and Erie Railroad ; in 
1871, they leased for the same term the united rail- 
roads of New Jersey; some years earlier, it became 
controller of the Northern Central from Baltimore to 
Sunbury, where it joinsthe Philadelphia and Erie, and 
the Baltimore and Potomac Railroad, commenced in 
1853, but abandoned, and completed by the Penn- 
sylvania Railroad in 1873. Besides this it was aided 
by’ the construction and extension of other lines, 
such as the Pittsburgh, Fort Wayne, and Chicago, 

80 a8 to develop the traffic upon its own lines. 
Some years since it was found desirable in the in- 
terésts of the company to incorporate the lines west of 
under management, and in 1871 


was ised, with a 


organ 
ieee ete oe Fm 
‘to Pennsylvania. Railroad Com- 

ee en ae property trans- 
erred. t association exercises a general 
control: “second y, and it is under- 


however, and the pros 


stood that the net revenues g from the various 
lines: are expended in the vement ‘and: ex 
tension of the railways of which they are lessees." 

Two gentlemen w names are conspicuously | 


gen 
connected with the Pennsylvania Railroad, call fora 
eo here. The first, the late John 
son, one of the best known and most 
honoured engineers the United States kan produced. 
Mz. 'Phomson was born in Delaware County, Penn- 
sylvania, and commenced his-engineering work in 
1827 in the surveys of the Philadelphia Columbia 
Railroad, From that time forward he was intimately 
associated with canal and railway work, and after 
— built the Pennsylvania Bailroad he was 
e its president, a post which he held until his 
death in 1874. 
The second name to which we would refer is that 
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Generel Freight Agest “. ) SB Kingwton. 
General Passenger ‘Agent . D.M. Boyd. 
Controller ... led é . RB. W. Downing. 
General Agent. . Ch. R. Clement. 
Auditor of . H. W. Gwinner. 
Auditor of Preighi Receipts“, G.M. Taylor 
Assistant ditto... : J.Jusies 
Auditor of Disbursements . T. RB. Davis. 
Assistant ditto ... ove ° — D. Greene. 
Engineer of Bridges and Bui J. M. Wilson: 
Engineer of Maintenanceof Way W.H. Brown. 
Superintendent of Canals I. J. Wistar. 
The following are the names of the chief officers 


of the various divisions : 
1, New Jexsry Division. 


it ... «ws F. W. Jackson. 
tt of Motive Power Theo. N. Ely. 


2. PennsYLvANIA Drivision. 
General Superintendent ... «- @. Cli Gardner. 
Superintendent of Motive Power. Theo. N. Ely. 
3. PHILADELPHIA AND Erre Division. 

General Superintendent... ... W.A. Baldwin. 

Superin t of Motive Power Howard Fry. 

The board of directors consists of fifteen members, 
four of whom are also officers of the company. The 
general offices are in Philadelphia, and ordi 
meetings are held there on the second and fou 
Wednesday of every month; special meetings are 
also held at any time on the order of the president, 
or on the written request of three members of the 
board. The presence of nine directors is sufficient 
to constitute a quorum for the transaction of busi- 


General Su; 
Superin 








of Colonel Thomas A. Scott; the successor of Mr. 


ness. Every year standing committees are ap- 
pointed ‘on the following subjects: finance, road, 
real estate, and incidental business. ‘These com- 
mittees meet at some convenient time before each 
ordinary board meeting, at which their proceedings 


are reported. 

With regasd to the actual — of the various 
offices, {the president has a ;gen supervision and 
direction of all ts, and he has charge of 
the seal of the . The first vice-president, 
who acts for the president when the latter is absent, 

the general supervision 

partment. He also acting 
manager, determines the 
engineering work, and engineering questions re- 
lating to the construction or improvement of rail- 
ways, and other owned by the company ; 
his power, however, does not extend to concluding 
contracts or sanctioning iture without the 
pom ge president or of the board of directors. 

same officer exercises ial control over 
receipts and ture over the whole of the 
system owned or worked by the company. The 


Thomson in the position of president, Colouel Scott’s| second vice-president is at the head of all the 


wonderful energy and executive ability have made | financial business of the company. 
him jestly noted. Like most of the present officers of | duty to be fully informed on 
the 


erninsylvania Railroad, he worked his way from | At ; , 
| to see that this important department is kept in order. 


an insignificant commencement. In 184] he was a toll 


collector at Columbia, and six years after he was | 


transferred to Philadelphia to act as collector's chief | 


clerk; Then in 1850 he became a station agent at 
Duncanville, and afterwards superintendent of the 
Newtown division, where for the first time his 
abilities made themselves strikingly evident. In 
1860 he was elected vice. president, and in this posi- 
tion he played a very distinguished part in assisting 
Government in the transport of troops and supplies 
during the war. On the death of Mr. Thomson, 
Colonel Scott was elected to the vacant presidency. 


GENERAL ORGANISATION, 

The principal officers of the Pennsylvania Rail- 
road Company, elected by the board of directors, 
consist of a president, three vice-presidents, a 
treasurer, and a secretary. The vatious acting 
officers of the railway are—subject tv the approval 
of the board of directors—appointed by the presi- 
dent, The following is a complete list of the principal 
and secondary officers : 





President ... eee Thomas A. Scott. 
Ist Vice-President George B. Roberts. 
2nd ,, ” Edmund Smith. 

“- 0 A. J. Cassatt. 
General Manager Frank Thomson. 
Treasurer ... ove én Bayard oo 

ies see add Joseph Lesley. 
Asslstent istant to the President Strickland asses 

” ” John P. Green. 

” ” . J.N. Du Barry. 
Assistant-Treasurer John D. Taylor. 
Assistant-Secretary . John C. Sims, Jan. 
Cashier... dvi B. F. Crawford. 
General Solicitor ... W. J. Howard. 


It is his special 
e treasury business, to 
provide for all financial requirements, and generally 


He also exercises similar control over the various 
corporations in which the Pennsylvania Railroad 
Company have any interest. The third vice-presi- 
dent has, through the general manager, supervision 
of the Transportation Department, and 

both passenger and freight business; all questions 
relating to rates, &c., must be submitted to him, or 
to the president,. 

The assistants to the president take charge of any 
business entrusted to them by the president or the 
board of directors. 

The treasurer naturally fills a very important 
position among the officers of the company. He 
give securities for his integrity to the amount of 
20,000/., and all the monetary transactions of the 
railroad pass through his hands. The banks or 
other places of deposit in which the funds are 
placed, are indicated by the board of directors, and 
in the month of February of each year the treasurer 
has to submit to the president a complete statement 
of the financial transactions of the past year. He 
has also to report daily to the comptroller a state- 
ment of all receipts and expenditure, so that the 
same may be entered in the comptroller’s books, 
which thus form a complete record of all the financial 
transactions of the company. The accounts of 
treasurer and comptroller are compared at the end 
of each month ; and at monthly intervals, or oftener 
if called upon, the treasurer submits to the 
directors a balance-sheet and report relating to the 
deposit of all moneys belonging to the company. 
The treasurer signs all cheques, or in his absence 
the assistant-treasurer, and each cheque is counter- 


signed by the cashier or other officer the directors 
may appoint, and he pays all vouchers, after satis- 
fying himself that they have been properly certified 
by the proper officer, and examined and approved 
by the auditor of disbursements. The appointment 
of book-keepers, clerks, and watchmen rests, subject 
to the approval of the president, with the treasurer 
so far as his departmental staff is concerned, and he 
is responsible to the company for their honesty and 
efficiency. 

The assistant-treasurer and the cashier have to 
give sureties to the company in such amounts as are 
required by the board, and to orm the usual 
duties of their part, and such other duties-as may 
be required of them by the treasurer, president, and 
directors. 

The secretary records all proceedings at the board 
meetings, serves all notices upon directors, cancels 
old stock certificates, and registers and signs all 
new stock certificates issued. He also signs the 
bills of the general expense account that have been 
duly — In his absence all these duties, 
except the latter, may be performed by the assistant 
secretary. 

The general manager has charge of the working 
of the sportation Department. His duties are 
of a varied and highly responsible nature. He is 
accountable for the safe and economical working of 
the road, and has to report fully upon these points 
from time to time to the directors, pointing out 
existing defects, and making suggestions for im- 

rovement wherever such suggestions are ible, 

ubject to the approval of the president he issues 
orders to the Supply Department, machinery for 

ing and iring shops, materials for repai 

‘of rolling stock;~plant, and railway, as well as 

eral supplies which are issued by the Supply 
partment to his order, or to the orders of the 
general superintendents of the various divisions, or 
of such other officers as have been authorised by 
the general manager to issue such orders. Accounts 
se before the cea or of each month are 
prepared for payment on the proper vouchers, and 
are made pat for payment on the fifteenth of the 
following month, 
«Phe appointment of the numerous staff required 

to work his extended a is the business of 
the general manager, subject:to the approval of the 
board, to which the: dismissal’ of: any member of 
the staff has to be reported. It is a rule ofthe 
company that no salary is paid to any subordinate’ 
officer or agent until his ap ent is sanctioned» 
by the directors, unless si appointment be only 
a temporary one, or during the three months of 
mn ome whieh — be considerd probationary. The 
general m rames, subject to the approval 
the president, the detailed rules and ations 
controlling the officers and employés within his 
jurisdiction. He has also to keep the third vice- 
president fully posted upon all matters connected 
with the Transportation Department, of which, as 
we stated above, the former is the chief, and finally, 
any spare time that may be remaining, is occupied 
by reporting all subjects relating to his department, 
that may be of interest or importance to the presi- 
dent and board of directors. 

Mr. Frank Thomson’s head-quarters are in the 
general offices ef the company at Philadelphia. It 
should, however, be added, that he has two impor- 
tant and able officers to assist him in two of the 
responsible sections of his work—the maintenance 
of permanent way and bridges and buildings, to each 
of which an engineer is especially appointed. The 
former reports fully to the general manager, and 
carries out all work connected with the road bed 
under his direction ; the latter prepares all plans, 
estimates, specifications, &c., for bridges, stations, 
and other structures upon the line, and makes 
periodical visits of inspection to examine bridges, 
&c., and to report upon them. 








THE ST. GOTHARD TUNNEL. 
THE engravings which we publish on pages 21,24, 
and 25, show a perspective view of one, and plans of 
both the works at the north and south ends of the 
tunnel—Goeschenen and Airolo. We have on 
several previous occasions (see ENGINEERING, vols. 
xix., xx., and xxi.) given detailed and illustrated 
descriptions of the great work, which is again in 
fall activity. Twenty-three air compressors, 


which deliver about 42,360 cubic feet of air 
hourly into the tunnel at 105 lb. pressure, are at 
work at each end. They are divided into seven 





groups, five of which comprise three cylinders or 
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15 in all, 16} in. in diameter, 25.6 in. stroke, and two 
groups of two cylinders each 24.4 in. in diameter, 
and 36.22 in. stroke. To these 19 compressors are 
combined four smaller ones for supplying the loco- 
motives which work at a pressure between 75 lb. 
and 150 lb. These 23 cylinders are actuated by six 
Girard turbines, one through the large main 
which descends on the north side, from the Val des 
Schéllenen. A double system of canals supplies 
the turbines on the south side from the waters of the 
Tremola and the Tessin. Before being delivered 
into the reservoirs from the compressors, the volume 
of air is increased by two slow-speed compressors 
on the Sommeiller system, at first driven by steam 
power, but now by water pressure, Along the course 
of the main, between the points of entry and exit, 
two sluice valves are introduced, and a minimum 

ressure regulator. These regulators are especially 
intended for the following function. When from 
any cause, most frequently from the débris resultin, 
from a blast, the air main is broken in the omalle 
the compressors which then work under vacuum at 
once increase their speed, beyond the extreme limits 
for which they are designed, before time is given 
to close the sluices. The automatic regulator, how- 
ever, shuts the main as soon as the pressure falls 
to a given limit, and excess of speed is thereby 
checked. 

In describing the means employed to perforate 
the tunnel, it is natural to direct attention first to 
the two principal means employed—the compressors 
and the perforating machines, These are in reality 
one combination of two essential organs, the former 
compressing the air outside,the tunnel, and the latter 
employing the force thus developed against the face 
of the rock, the link of connexion being the iron 
main which leads the air from the point where it is 
compressed to that where it is employed. Before 
proceeding, therefore, to a detailed description of 
the exterior works, we will refer briefly to the 
drilling machines employed. 

For each of these machines of the systems em- 

loyed at St. Gothard— Ferroux, Mackean, Turettini, 
Dubois -Francois—which give collectively about 
600 strokes per minute against the face of the rock, 
an average expenditure of air per minute of 
882 cubic feet at atmospheric pressure is required. 
This amount may be increased to 1055 ft., in we 
that required for ventilating , after eac 
blast. At present 35 drills are at. work in the tunnel, 
arranged as follows: Seven in front of the rock 
face of the small heading, and 16 at the work of 
enlargement, that is to say, four at each of the four 
ints of attack, 12 below and six at each of the upper 
evels, Thus a maximum of 40 drills may be as- 
sumed, These 40 drills require 4200 cubic feet of air 
minute. The seven groups of compressors 
Farnish 42,360 cubic feet of air at a pressure of 
seven atmospheres per” hour, or 706 ft. minute, 
equal to 5642 cubic feet at atmospheric pressure, 
so that the amount delivered is in excess of the re- 
uirements, 

In 1872 the first. stroke of the drill was made 
against the granite flanking the Finsteraahorn.. The 
narrow valley on which the northern entrance opens 
was then a desert, strewn with boulders, brought 
down from the soneenaing begues. In that year 
the foundations of the dwelling-houses, shops, &c., 
were formed. A narrowroad served for the trans- 
port of material and the removal of débris. In 1873 
the present workshops were partly in operation. 
The Sommeiller compressors were at work actuating 
the Dubois-Frangois drills placed in the small head- 
ings, which attained a length of 295 ft. The lar 
iron mains were laid to bring the water for the 
turbines, and the Colladon compressor house was 
built. At the end of the year three groups of these 
compressors each were driven by the Girard turbines. 
In 1874 a fourth, and in 1875 a fifth, group was 
established. In July, 1876, two-new groups, each 
of two cylinders, were added to the five others, and 
completed the installation of the 23 cylinders, as 
already described. The southern end witnessed 
similar development. Commenced at the end of 
1872, the first kilometre of heading was completed 
in November, 1873, the second in July, 1874, the 
third in January, 1875, the fourth in June, the 
fifth in October, the sixth in April, 1876, and the 
seventh in October of the same year. On the 15th 
of December last the headin reached a distance 
of 24,700 ft., or about.half the length of the tunnel, 
which is to be opened for traffic on the 1st of October, 
1880. We may now proceed to describe in detail the 
exterior works at each end of the tunnel as they have 
gradually developed. 





1. The Northern (Goeschenen) Shops.—These shops 
were commenced in the beginning of 1873 at the first 
stage of the undertaking. A building intended to 
receive the provisional compressors was erected, and 
a repair shop wasalso commenced. The first trial of 
the compressors was made on the 31st of March, and 
they were in operation on the 4th of April 
following. At this time the ay oon of the northern 
shops was as follows: Ata distance of 500 ft. from 
the mouth of the tunnel and surrounded with the 
débris from theexcavation, was a building 170 ft, long 
and 39 ft. wide, in which were placed tools for se 
smith’s forges, and stores. In a wing of this buildi 
was a turbine employed for working the tools, an 
the same contained the contractor's offices as well as 
lodgings for the men. Close by a number of small 
sheds were the powder and dynamite depéts. There 
were besides a boiler and compressor house, near the 
mouth of the tunnel. On the eastern side was the 
air main leading to the reservoir, which also served 
to regulate the pressure at which the air wassupplied 
to the perforators. From this point nearly to the 
entrance of the tunnel the air was conducted 


by means of a cast-iron pipe 7jin. in diameter, |i 


and carried on 14 stone piers. 

Originally it was intended to derive the motive 
power required to drive the compressors from the 
waters of the Reuss, by diverting the latter so as to 
obtain a fall of about 100 ft., but after consideration 
the contractor determined to abandon this reject, 
and to draw water from the Reuss below the thard 
bridge, and thus to obtain a fall of some 260 ft. 
The pipe was laidin April, 1873, and the foundation 
of the great aqueduct was commenced, as well as the 
turbine house, in which the permanent Colladon 
compressors were to be established, The contract 
for,these machines, as well as the turbines, had 
been let in February, and was very promptiy 
executed by Messrs. B. Roy and Co., of Vevey. 
The foundations for the turbine houses and of the 
engines were pushed forward, and in August the 
erection of the inery was commenced ; during 
the same month one of the conduits of the aque- 
ducts was finished, and in October the compressing 
machinery was set in motion for the first time. 
By the.end of the year two turbines and six com- 
pressors were ready for work, whilst a third turbine 
and two other compressors were almost complete. 
The establishment of the main for supplying the 
turbines involved very considerable works. At 
about 200 ft. above the Sprengibriicke bridge, on the 
Gothard road, where it crosses the Reuss, there was 
placed on the right bank of the stream a dam, 
intended to collect the necessary water. From this 
barrage the water was led by a canal in masonry, 
about 400 ft. long, into a depositing basin, where 
the greater portion of matter held in suspension was 
collected, This filtering basin was also built in 
stone, measured 32 ft. 4 in. in length, 9 ft. 6in. in 
width, and was 19 ft.8 in. deep. It is divided into 
several compartments by partitions and sluices, 
which serve to regulate the movement and flow of 
the water. On leaving this basin the water falls 
into the wrought iron mains 33.5 in. in diameter, 
which are carried y underground, partly on 
stone piers, for a distance of about 2000 ft. along 
the Gothard road. This conduit is then divided by 
means of branch pipes, and continued with two 
cast-iron tubes 24.4 in, in diameter, which pass 
into the turbine house about 480 ft. from the point 
where they leave the main conduit. At the end of 
1873 there were in the turbine house three Girard 
being reserved for a fourth, the 
water supply being sufficient for working it, Each 
turbine which consumed 13.7 cubic ft. of water per 
second with a fall of 260 ft., actuated a group of 
three compressors. In October of the same year 
there were connected to the air main four cylindrical 
iron reservoirs, each 29 ft. 6 in. long and 4 ft, 5 in. 
in diameter, and the main was placed in communi- 
cation with the ent compressors. 

Besides the important work of the large aqueduct, 
the turbine house and compressors, several other 
buildings were added in 1873, near the mouth of 
the tunnel, and the whole of the arrangements were 

tly improved. In June of that year a second 
iler was laid down for working the compressors, 
and a main for driving the shop turbine was 
laid. This as well as the large one before mentioned 
receives its supply from the Reuss, at a distance of 
about 1200 ft. trom the shops, and on the left bank 
of the river. 

Ata distance of about 230 ft. from the point of 
outlet, the water flows through a canal in masonry, 
and then enters a main 13.77 in, in diameter. After 


turbines, 8 


also | is located in the 


having crossed the Reuss this main follows its right 
bank, and passing under the Gothard road reaches 
the turbine house, The turbine was made by Roy 
and Co., of Vevey, and is driven by two cubic feet 
of water per second, falling from a height of 92 ft. 
A two-story shop had been constructed and equipped 
early in 1873, and a sawmill was established in a 
northern annexe to this building in the month of 
June, while as the tunnel gradually advanced, further 
additions were made in proportion to in ing re- 
+ sag Amongst these may be mentioned the 
ollowing: A large smiths’ shop, and close by a 
power hammer driven by comp air; on one 
side of the compressor house a foundry was built, 
and new offices were erected near the mouth of the 
tunnel, various sheds and depéts in masonry, a 
large cantine for the workmen, a dwelling house 
for foremen and superintendents, sev small 
lodges, and at a considerable distance a depét for 
dynamite, A road giving access to the whole of 
the shops was also made, and several minor lines of 
communication of which the total le was about 
2000 yards, As will be seen the chi goto the 
installation were completed in 1873. e principal 
addition in 1874 consisted of two new groups of 
compressors ; the fourth group was set to work in 
December, and the fifth was immediately commenced. 
The May following the second branch of the main 


supplying the turbines was laid, and at the same. 


time the old steam compressors were 80 a8 
to be actuated by water. In September the bell éx- 
hausters for ventilating the tunnel were established 
(see ENGINEERING, vol. xix, p. 379). A number of 
other buildings were also added, stables, depéts, 
a hospital, and two more dynamite stores, the 
foundry and repair shops were extended, The 
length of roads constructed by the end of 1874 was 
about 3500 yards. The transport of débris was 
effected during this year by locomotives worked by 
compressed air supplied from the compressor already 
mentioned, In 1875 the five groups of Colladon 
compressors were in regular work, as well as the 
water column compressors, the transformation of 
which had been commenced the previous year. 
The increase of activity at the works, and the dis- 
tance over which excavated rock had to be trans- 

rted, led M. Favre to stort the compressed air 
ocomotives already described and illustrated by us 
(see ENGINEERING, vol, xx., page 335). For this 
purpose it was necessary to establish four supple- 
mentary compressors, attached to one of the 
principal groups. A iron reservoir was also 
established beside the uss, 164 ft. long and 
6 ft. 6 in, in diameter, connected with the air mains 
of the machine shop. The exhauster house was 
finished in the course of the year, but it was not 
until the end of the year that the delivery of the 
ventilating main for the tunnel was commenced, 
This main has a diameter of 46.25 in,, and is made 
of galvanised sheets in lengths of 54 in. The length 
of roads at the end of 1875 had increased to nearly 
5400 yards, One locomotive worked by steam, and 
one by compressed air, both made at Creusét, were 
employed for removing the débris. Finally, during 
last year two new of compressors were 
finished. These latter differed considerably in size 
from the former ones. Each group consists of two 
— mounted on their frames, which carry 
also the end of the turbine shaft. Eaeh pump has 
a diameter of 24.4 in., anda stroke of 35.44in. Both 
inlet and outlet valves are in gun-metal, and the 
compresssion valves are connected by cast-iron pipes 
5.9 in. in diameter, which lead into a 7.87-in. main, 
connected with an apparatus for ing the air, 
Each turbine is calculated for a fall of 239 ft., and for 
a consumption of water of 20 cubic feet per second. 
They work at a speed of 70 revolutions per minute. 
These pumps are intended to compress the air to 
105 lb. per square inch at the rate of 177.5 cubic feet 


per minute, 
The ive view we publish on page 21 
conveys a clear idea of the general appearance of 


the works at Goeschenen, while from the plan on 
24 will be seen the arrangement of the various 

ings and plant at this entrance of the tunnel. 
2. The gto at the South (Airolo) Enirance.— 
Whilst at Goeschenen the mouth of the tunnel 
and narrow valley of the 
Reuss, where it was difficult to find a level area 
of sufficient size on which to establish the works, at 
Airolo, on the other hand, the tunnel opens into 
the wide valley of the Tessin. The arrangement 
and d ent of these works were very similar 
to those of Goeschenen, the requirements being 





identical in each case, 
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LOCOMOTIVES AT THE PHILADELPHIA 
EXHIBITION.—No. VI. 

Tue locomotive which forms the subject of our 
two-page engraving this week is one constructed at 
the Baldwin Locomotive Works, Philadelphia, for 
working on the West End Passenger Railroad at the 
late Centennial Exhibition, this line, to which we 
have referred on previous occasions, being of 3 ft. 
gauge. The leading features of the engine will at 
once be seen from the longitudinal section on our 
two- sheet, and from the other views, which 
we give on pages 28 and 29. The boiler is of the 
feok-tenee type, and the firebox, which is intended 
for burning anthracite coal, is large, It is not, how- 
ever, fitted with a water-tube grate, but with a grate 
compored of bars cast in groups of four, as shown in 
the longitudinal section, and Fig.3 page 29. In 
one of the earlier articles of this series (vide page 25 
of our last volume) we commented upon the effect 
of the bar frames used in the United States in re- 
ducing the width of the fireboxes in narrow gauge 
engines. In the locomotive now under notice, this 
has been got over by modifying the construction of 
the frame where it passes along the sides of the fire- 
box, it being virtually transformed into a plate 
frame at these points, although its depth is some- 
what less than we should have deemed advisable 
under the circumstances. The effect of this arrange- 
ment is that the firebox casing is made 2 ft. 4 in, 
wide outside, between the frames, whereas in the 
tank locomotive for the same gauge made by the 
Danforth Locomotive and Machine Company, and 
also exhibited at Philadelphia (vide page 25 of our 
last volume), the width of the firebox casing was 
but 2 ft., the bar frame being there used in its 
entirety. The principal dimensions of the boiler of 
the engine now under notice are given on our two- 
page sheet ; but we iay add here the following sum 
—> the proportons : 

tio of firegrate to total heating 


surface ... iat pe eee oe 1: 53.05 
Ratio of flue area through tubes to fire- 

grate surface ... eee ene ne 1: 7.05 
Ratio of chimney to firegrate area... 1:15.58 
Number of internal diameters in length 

of tubes 72.15 


As shown in Figs. 1 and 3 the firebox crown is 
stayed direct to the crown of the casing, while the 
back plate of the firebox casing and the smokebox 
tube plate are supported by very long diagonal stays. 
The general construction of the boiler is similar to 
that of other American engines we have already 
described, and we need not therefore enter into 
details here. The steam pipes, we may remark, are 
unusually large for an engine with such small cy- 
linders, 

The exhaust nozzles—of which there are two— 
are each 2} in. square and are placed near the 
bottom of the smokebox, they diseharging into a 
‘ petticoat” pipe as shown in the longitudinal section 
and in Fig. 2, page 28. Knowing, as we do, the 
importance of having blast nozzles properly aligned 
with the centre of the chimney we cannot regard 
the American practice of employing double nozzles 
as a detail to be imitated, a we believe that it is 
this practice and the consequent one-sided discharge 
of the exhaust steam that to a large extent necessi- 
tates the employment of such a small blast-nozzle 
area as is to be found on American engines. 

The frame is of the regular bar type modified, as 
we have already explained, where it passes the fire- 
box casing. At the rear enc a strong diagonal stay 
connects each frame to the back of the firebox cas- 
ing, there being apparently no provision made for 
the expansion of the boiler. The foot-plate (which 
is of wood) and the catch-plate for the reversing lever 
are also attached partly to the frame and partly 
to the boiler. The weight is transmitted to the 
driving and trailing axles through an inverted spring 
on each side, having an abutment against a strong 
bar which connects the driving and trailing horn- 

ieces, this bar in its turn abutting against the 

ottom ring of the firebox and being supported also 
by a stay between it and the frame proper, as shown 
on the left-hand side of Fig. 3. The spring just 
mentioned lies between a pair of plates forming a 
compensating beam, the ends of which are connected 
to the driving and trailing axle-boxes as shown in 
the longitudinal section. The springs of the front 
pair of coupled wheels are connected at their front 
ends to a transverse compensating beam as shown 
in Fig. 2, the centre of the beam being again con- 
nected to the hind end of a compensating beam 
which has its fulcrum under the smokebox, and the 
front end of which is coupled to the centre of the 
swing truck on which the front end of the engine is 


PROGRESS OF THE ST. GOTHARD TUNNEL TO DECEMBER 31, 1876. 
(See preceding Pages.) 
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carried, The construction of the truck is clearly 
shown by the longitudinal section and by Fig. 2 
on page 28. 

The wheels are all of cast iron, the coupled 
wheels having steel tyres. The axles of the coupled 
wheels, it will be noticed, are smaller at the wheel 
seats than at the journals, and smaller at the journals 
than in the centre. The difference of diameter is 
small, however, and this reversal of the usual 
practice appears to have been adopted in order to 
avoid collars. 

Of the remaining details of the 4 om we illu- 
strate, it will be unnecessary to speak here, as most 
of them are clearly explained by our engravings, 
while to some we shall have to refer hereafter when 
treating with the details of other American engines. 








LITERATURE. 


Kutter’s Hydraulic Tables. Translated by L. D’A- 

i A.I.C.E. London: E. and F. N. Spon. [Price 
ABOUT a year ago, when reviewing the very important 
investigations of Captain Cunningham, R.E., on 
the flow of water in the Ganges Canal, we referred 
to the above work of Herr Kutter, and expressed 
a wish that the Institution of Engineers should at 
least publish an abstract, if no translator or pub- 
lisher could be found to present English engineers 
with the whole work. 

As a result of our suggestion the present transla- 
tion has been made, and we welcome its appearance 
none the less that the duty of translation has been 
assumed by an engineer whose previous studies in 
the same field render him undeniably competent 
and trustworthy. 

We have frequently had occasion to ridicule the 
superstitious reverence with which too many of our 
so-called hydraulic engineers regard the nostrums of 
old authorities in their particular branch of science, 
and we may now the more properly take occasion 
to state that we consider the present work to be a 
specific against infection from these old sources of 
mischief. One minute’s glance at the tables will 
dispel at once and for ever a host of illusions, and 
a careful reading of the whole work will prove most 
valuable to students and interesting to all. 

The most convenient, and consequently the most 
generally employed, formule for the flow of water 
in open channels are of the form 

v=c «/rs 
where v is the mean velocity, r the hydraulic mean 
depth, s the fall of the water in a length of unity, 
and ¢ the experimental coefficient. Now, ina given 
channel and within certain limits of variation in the 
depth and surface fall of the water, the value of ¢ 
remains practically constant, and it has been but 
too commonly assumed that it will similarly remain 
constant when applied to other channels widely dif- 
fering in section and fall. Thus in Beardmore’s 
tables one value of ¢ does duty for all the cases 
tabulated, and the author has taken care to notify 
that the same value will apply to cases outside the 
limits of his tables, since he says the latter may be 
readily extended if it be remembered that to get 
double the discharge you require four times the fall 
and so on! What years of laborious research have 
been wasted in the past, and would be spared in the 





true. But unhappily it is about as unwarranted an 





assumption to take a constant value for c asit would 
be to assume a constant — °F for a degree of longi- 
tude. The latter will vary but little within certain 
limits of latitude, and the former will similarly vary 
but little within certain limits as regards depth of 
water, fall of the channel, and condition of its 
surface. 

What the value of the coefficient ¢ as derived from 
innumerable experiments is in different cases, it is 
the object of Kutter’s tables and diagrams to show. 
When we add that within the practical limits 
assumed in the tables the value (metrical measures) 
ranges from 15.5 to 69.6, it will be readily seen that 
the assumption of a constant of 50 for all cases— 
which is about the equivalent of Beardmore’s tables 
—may lead to some remarkable errors. 

We are of opinion, therefore, that the present 
translation of Kutter’s work has appeared none too 
soon, and that it will fill a long standing void in the 
literature of hydraulic science. 





Water Analysis: A Practical Treatise on the Examina- 
tion of Potable Water. By J. ALFRED WANELYN, 
M.R.C.S. London: Triibner and Co. 

Tue above little work, by the ablest living autho- 
rity on the subject of water analysis, supplies 
exactly the kind and amount of information that 
both civil and mechanical engineers are certain to 
feel the want of, at some stage or other, of their 
professional researches. 

To the civil engineer who may be called upon at 
any time to advise a local authority or manufacturer 
upon the suitability of a certain fp. _rmme source of 
water supply, some knowledge of the guality as well 
as the more purely engineering ge of quantity 
of water, is absolutely essential. He should at 
least know what is understood by the terms “ albu- 
minoid ammonia,” ‘‘ free ammonia,” and chlorides, 
and should be able, when an analysis is submitted to 
him, to state whether these or other elements are 
in excess or deleterious. 

To the mechanical engineer, when fixing upon the 
most suitable type of boiler to adopt under certain 
given conditions, a knowledge of the quantity of 
carbonate of lime and other solids in water is no less 
essential, or if the type of boiler be one of the fixed 
conditions, it will be no less useful for him to know 
what can be done for the purification of the water 
by filtration and precipitation. 

All these gm | are fully elucidated by Pro- 
fessor Wanklyn, and the process of analysis is so 
clearly described that with a short apprenticeship 
any engineer- under his guidance would be able 
himself roughly to test the quality of any sample of 
water submitted. For most sanitary purposes a 
water analysis is sufficiently complete when it 
includes the total solids, chlorine, free and albumi- 
noid ammonia and poisonous metals, and conse- 
quently achapter is devoted to each of these elements, 
together with one upon the collection of samples 
and another upon the preparation of reports and 
the deductions to be drawn from analyses. In the 
second part of the work, directions are given for 
making a complete mineral analysis of a water 
residue, and the instructions here are necessarily 
more technical and require considerable practice 
on the part of the operator to realise. A very in- . 
teresting chapter is given on the purification of 
water. Professor Wanklyn thinks highly of the 





future, were such an assumption only approximately | p 


g powers of “silicated carbon” and with 
reason, for he drank with perfect impunity what would 
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the engineer-in-chief to the Egyptian Government. 
The most remarkable fact brought out in these 
analyses is the great relative alteration in the pro- 
portion of chlorine, there being only three-tenths of a 
grain per gallon at High Nile and no less than 1,4,ths 
grains at the Low Nile—a ratio of 1 to 6. On the 
other. hand, the hardness of the water remains com- 

aratively constant. Innumerable analyses have 
Seen made of Nile water, but this peculiarity has 
never been touched upon before, so it will be useful 
to record here the cause as given by the author: 
“The water which swells the Nile in the latter half 
of the year is storm-water, being thick and muddy, 
Storm-water sweeps over the surface of the country, 
without penetrating far below the surface, and we 
may very readily understand that such water passing 
over a country long ago denuded of salt, should 
carry little or no salt into the Nile, which it dilutes, 
and so causes it to contain only an exceedingly 
minute proportion of chlorine. 

‘‘ By about Christmas, the storm-water has ceased 
flowing into the Nile, which, during the spring half 
year, must be fed with water which has passed 
deeper into the ground, and which has undergone 
concentration by evaporation, in addition to having 
washed extensive strata, from which doubtless it 
extracts chlorine. We can easily understand how 
the Nile should become more chlorinous as the 
spring advances, and how the chlorine should be at 
the maximum just at the beginning of flood time. 

‘The hardness, on the ,other hand, being due 
mainly to carbonate of lime, and consequently the 
hardness should be under totally different conditions 
from the chlorine. 

‘‘ No doubt the débris carried mechanically down 
with the flood water contains abundance of finely 
divided carbonate of lime, so that the storm-water 
must always be saturated with carbonate of lime. 
When in flood the Nile is, therefore, as hard as 
when it is not in flood, and the comparatively slight 
variation in hardness at different times will depend 
upon the varying amount of carbonic acid present 
in the river.” 

In the appendix is given a sketch of. the history 
of the “‘ ammonia process” of testing water, together 
with many amusing illustrations of the fruitless 
opposition it encountered from Dr. Frankland and his 
followers, and of the curious identity in the derived 
and anticipated results obtained by other processes 
of analysis. We need only add that the little work, 
the subject of our notice, is one of the text-books at 
Cambridge and Edinburgh universities, and that 
the present is the fourth edition. 
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_ Hunearran Rartwars.—The East Hungarian Railway 
is to be transferred to the State. This transfer will carry 
the Hi ~ cee eg pee tee About 
one-fourt who ilway mileage ungary 
will thus be in the hands of the Hungarian Government. 


Committee of the Hull town council, last week, the engi- 
neer Mr. Maxwell, reported that the springhead wells were 
just beginning to receive the influx of the autumnal rains. 
The contractor had completed the second new bore, having 
ierced through the c into impermeable blue clay at a 
epth of 404 The engine contractor had drawn out and 
replaced the second set of lift pump valves and the engine 
had resumed working. The total water pumped at Stone- 
ferry during the previous fortnight had been 71,106,427 
=. a daily average of 5,079,030 gallons. A new engine 
ouse is being built at the pumping station. 

The Floods and Colliery Working. —The long continued 
and heavy rains have so thoroughly saturated the ground, 
and have so swollen all the springs, that many of the col- 
lieries in South Yorkshire and North Derbyshire are now 
flooded, the men having had to stop worki This is the 
ease at the High Hazles pit, near Sheffield, where a new 
shaft designed expressly to keep the pit dry is on the point 
of completion, after having been in p s three and a 
an years. = ae Beg: pou pi, — heffield, there - 

ways a great quantity of water, but pumping engines o 
unusual power keep it , aly The workings of the nea 
High Moor, Cottam, Killamarsh, Upper and Low Hartshay- 
street-lane, Colly, and other collieries, arealso inundated —a 
fact which represents a serious loss both to the owners and 
the men in their respective employment. 

Leeds and Co-operative Coal Mining Company.—At a 
recent special meeting of poate tig rt as to the 
Lofthouse Station colliery was his stated that on 
November 20th last, exactly three years after the —— 
was commenced, the Silkstone seam was reached at a d 
of 363 yards, the coal being about 4ft.8 in. thick. The 
section of the seam had since been proved, and was—top 
coal 2 ft. 6 in., dirt 1 in., bottom 1 ft. 7 in., Wetstone 
coal 6 in.—total 4 ft. 8 in. 

Salary of the Bradford Water Works Engineer.—The 
Water "Works Comanlstes of the Bradford ‘own olan 
recommended that the salary of Mr. A. R. Binnie, water 
works engineer, be increased from 4001. to 10001. per annum. 
Mr. Binnie has in hand the construction of works which 
will cost altogether over 400,0001. 


Steam Bnsinst see ry Tramways.—lIt is stated 
that the Sheffield mways Company intends to ‘loan 
different kinds of tramcar engines before finally ting 
one. 


Fall of Part of the Rotherham Gas mene Oe Sate. ance, 


day night last, a wall built on pillars and gi ngside 
the river Don, at Rotherham, fell into the water with a 
loud crash. It had only recently been erected, and was 
61 ft. long, 22 ft. high, and 14 in. thick, and rested on two 
large gi ich also broke. 
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NOTES FROM THE SOUTH-WEST. 

Bristol Water Works—The Bristol Water Works Com- 
pany, whose works the town council have given it as their 
= it is expedient to purchase for the ci reason- 
able terms, was incorporated by Act of iament in 
1846-7. It paid its shareholders no dividend for ten years. 
The growth of the company may be estimated from the fact 
that while it had a water-rent of under 30001. per annum 
in the second and third year of its existence, it now has one 
of 55,0002. per annum. 

A Lighthouse Dificulty.—The Board of Trade have re- 
plied to a protest by the Bristol Chamber of Commerce 
against the intention of the Trinity ration to erect a 

ighthouse on Bull Point instead of on Morte Stone. The 
letter states that the only result of a refusal by the Board of 
Trade to sanction an application which the Elder Brethren 
of the Trinity House had made would have been to sto 
the erection of lighthouse at all near Morte Stone. It 


would, therefore, be seen that the Board of rade had no 
pores. 90. Spervene Ap Sp sees in the me- 
mo 


Cinderford Drainage Works.—These works are now 
nearly pay wane! a majority of the hands having been 
eae! on Saturday. It is expected that a further con- 
: aes bo. See Sapna, reves 0 PTFE and Ruar- 
lean > 


Blaenavon.—-The Blaenavon Company have now blown 


- | out one of the furnaces at their old side. Out of six there 


only remain two in blast. 

Westward Ho! Drainage.—A meeting has been held at 
Northam to take into consideration a proposal made and 
adopted at a public meeting held in 1871 for the of 
draining Northam Burrows and Westward Ho! The 
scheme then proposed was to cut a deep dyke through the 
Burrows and drain Goosey Pool, and take the sewage of 
Westward Ho! to follow in the present channel of the Pill, 
which would be deepened—the outfall to be above Apple- 
dore. After a desultory discussion the meeting resolved 
that the resolution ee to at the meeting of 1871 should 
be carried out in good faith. 

Cylinders for the Invincible,—The Admiralty have ac- 
cepted the tenders of Messrs. Rennie for supp four 
new cylinders of 72in. diameter with covers for 

cible, to be fitted complete at Devonport for 40001. 


An Interchange Station. — An interchange railway 
station in North- Pl is to be » if it 
woah lnnbasten on tates ot mae 





-the Government inspector, 
On Fridey, Mr. Scott, Mr. Tyler, and ‘Mr. Veasy, of 


pany. 


T Main Drainage.—At a special meeting of the 
Toryuay Local Board held on Tuesday, for the pu: 
receiving Sir Joseph Bazalgette’s report on a je ee 
oe scheme, Sir Joseph sent in a recommenda’ 
that the board should borrow 20,0001. in addition to a 
sanctioned loan of 50,0002. raised for the completion of 
the work. It was stated that the sale of horses and t 
at the conclusion of the work would recoup the extra " 
and the work was reported by Sir Joseph to be progressing 
favourably. 


Responsibilities of the Great Western.—At a recent 
meeting of the Evesham town council, a discussion took 
ene a stoppage of the navigation of the River Avon 

etween that town and Stratford, occasioned by the Great 
Western Railway Company having allowed the locks to fall 
out of repair. It was stated that the company had many 

ears since secured the navigation of the upper portion of 
Taeiiin, ai sectarian deat eaeegte terme ie 

repair, now positively repair them. e 
millers, carriers, and landowners were about to apply to the 
Board of Trade to allow the case to be ht before the 
Railway issi with a view to compel the company 
to do its duty in the matter, and the town council was 
invited to te with the memorialists. The council 
consented to do so, and adopted a memorial to the Board 
of Trade on the subject. 


The Alewandra.—Holes for discharging torpedoes from 
the Alexandra will be made above the water-line, and it 
is in this respect that the Alexandra differs from other 
vessels fitted with the torpedo apparatus, as the missiles 
are fired beneath the water from the other. vessels. The 
work of fitting the electric light apparatus on board is now 
complete. By means of this light it is stated that when at 
j will be distinguishable some two or 


Fea 


Swansea Harbour Trust.—The accounts of the Swansea 
Harbour Trust show a surplus of 2036/. for the last six 
months of the financial year. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIpDLEsBROUGH, Wednesday. 
caine tothe ules, enh tenga r i, prion 
m " was a - 
business was flat, and only a few orders were given 
‘ av apenas were very, Sem 0 the fol- 
1 ; No. 1 G.M.B. net cash, and delivered 
0.b. Tees: No. 1, 498.; No. 8, 46s. 6d. ; 
No. 4 fi ap len sys goter ape ea ton. Makers 
are well sold we ay ay mont abenls eat thus ¢ 
are not to be beaten down. Some people were “‘ ; 
the market, and afew merchants were accepting 6d. less than 
makers’ prices for small lots. The strong weather last 


k 


month, and the Supe ceceriet in consequence of the 
holidays, had the effect of increasing the stocks of iron con- 
siderably, for y went up 25,000 tons, namely, to 


in makers’ hands and 21,500 tons in the warrant 
stores. The “‘ Ironmasters’ Annual Returns” give the make 
of Cleveland pig in the North of England at 2,075,565 tons, 
or 27,000 tons more than were ever made before in any 
previous year—the make for 1875 being the fo gene pre- 
viously. At the end of the year out of 158 furnaces 
pene 111 were in operation. The Rosedale and Ferry- 
Rib Tove Company ave chouh to: Use i a fesnace whieh 
one of the hi in the world. They have recently blown 
out three old ones, and are not likely god them in blast 
again. At the end of 1875 only 74,258 were stocked 
against 182,000 tons at the 3lst of December last. 


Finished Iron.—The demand has been slack this week, 
but manufacturers are well supplied with orders, and keep 
their mills regularly going. Prices are firmly main- 
tained at wey dee ee Bony oe Ship plates 
are 71. 5s., sheets 8/. 10s., angles 61. 17s. 6d., and common 
bars 61. 7s. 6d. per ton, all less 24 per cent. 


Iron, ing.—Business brisk, eresaly ~ pi wees 


castings. A new foundry 
erected near the docks al Middlostraach. The chair 
foundries are doing rather more than they have done for the 
last six months. A galvanising establishment is to be 
— next week at Bottle House Point, Middles brongh, 
which will be an advantage to local tube, man 
turers &c. 
A New Brand of Iron.—At the quarter’ 
—— Gilkes, and Co., of the Ti le Iron Works, 
iddlesbrough, exhibited specimens of homogeneous iron 
made in the Danks’ revolving puddling machine from Cleve- 
land forge pig iron. This iron is branded “H, and C. 
Danks,’’ and is un excellent iron, so , indeed, that the 
makers consider it equal to South Yorkshire and best-best 
Staffe iron, and they quote the same prices forit, 9/. per ton. 
The Wages tion.—The wages question in the finished 
iron trade has set at ee masters not 
_— their claim for a they 


thee thor woald be fally justified in asking for 
wi in a 
Paddling is now 8s. 3d. per ton, ~ 


meeting Messrs. 
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GOODS LOCOMOTIVE FOR THE 3-FT. GAUGE, AT THE PHILADELPHIA EXHIBITION. 


CONSTRUCTED AT THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA. 


| 
rasenthete oT 


OIL-TESTING APPARATUS. 

Tue illustration on e 33 shows the arrangement 
of Ingram and Stapfer’s oil-testing ap tus, as manu- 
factured by Messrs. W. H. Bailey and Co., of Salford. 
It consists simply of a shaft running in two brass bear- 
ings, which may be compressed to any desired extent by 
means of the weighted levers, as shown. The top bear- 
ing is fitted with a thermometer, and the shaft drives a 
counter, as shown, to indicate the number of revolutions 


made by the apparatus, the quality of the oil being tested 
by the number of revolutions made before a certain 
temperature is recorded by the thermometer. Testing 
different classes of lubricants with a view to ascertain 
how they are affected by atmospheric influences is 
effected by leaving the oi] upon the apparatus fora certain 
time after the first run, and noting the results of a second 
experiment. 

A further test is effected by removing the lower 
bearing, as shown in the annexed sketch, and allowing 
the shaft to run in a small reservoir containing a known 








(For Description, see Page 26.) 


























































































































quantity of oil, which after a given time is weighed, the 
deficiency indicating the loss of oil. Messrs. Bailey and 
Co. have, we believe, manufactured a large number. of 
these oil testers of a smaller size. Of those of the type 
illustrated, which are adapted for testing grease as well 
as oils, the first was made for the railways of New South 
Wales, and the second for the Manchester, Sheffield, and 
Lincolnshire Railway. The same firm are also, we are 
informed, employed in the manufacture of Professor 
Thurston’s apparatus for testing the strength of materials, 
one of which was exhibited in the Loan Collection of 
Scientific Appaxatus at South Kensington. The first of 
these instruments was made by Messrs. Bailey for the 
College of Engineering in Yokohama, Japan. 





CLEVELAND IRON ». STEEL. 
To THe Eprror oF ENGINEERING. 
Srz,—Your t “*‘X. Y.”” cannot be sof > 
formed on the subject he writes, or he would not 
omitted the real reasons that have induced the North. Bastern 
ones a to urge the manufacture of wrought-iron 


If it were were alone to promote the return of Cleveland 
prs any fia which they have an enormous stake, their 
commendable, 


but when this is coupled 
rit inkofaciog 6 ral oferng greater security to life and 
pr , with a railat once cheaper 
cost, wi increased duvabili and ductility, I think 


their motives are above the scorn ne wee = 


; tore the preteanont of Mt of all 
as = 
ut when ‘his 
investi- 


pw te 
reseed by tact oat Bose aghled. "Ba whe 





gation and crue, and on a scale sufficient to satisfy 
the most fastidious of their sufficiency, it is not expedient to 
= in idle doubt, but to set about confirming or dis- 


"Seen near to twenty years this question has engaged the 
attention of Mr. Harrison, and the facts are these : a rail of 
homogeneous iron, or made from what I would call a puddled 
ingot, rolled direct, without the weakening process of p 
with the head case-hardened, will outlive the best pt 

in endurance, while the chance of rupture is destroyed. 

Rails of this kind can be made as hard on the surface as 
hardened steel, while the general character of the rail for 
ductility on ey as perfect as the character of wrought 
iron can make it. 

Such rails have e a service of over fifteen years 
of thorough ye wear, not cases of isolated rails, but 

These are facts that no engineer 

Mr. Harrison’s next 

ee was to ascertain their possible manufacture in point of 
sustained quality and ultimate cost. 

eS oe oe assisted by Mr. I. L. Bell, M.P. I 
need not stop to oa to the license of ‘‘ X. Y.’s hs pen in 
ape dw > Mtr. Bell, but there will be few to doubt 
he Roapadel Stests Sar 0 guile i> Ge 

e in one res 0 
facts Peckove areas follows : That hom 
made in Cleveland at a cost much lower 


cheapest steel. It will suffice for any who care to count 
the possible cost, that 21 cwt. of will make 1 ton of 
rails ; Tpmeneenpy Cer enen y ed rail 20 ewt. of coal 
only is necessary ; the blooms are worked right off 

pnd fm Ser there is only the cost of once shingling ; the 
and wearing expenses of the furnaces are less now 
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GOODS LOCOMOTIVE FOR THE 3-FT. GAUGE, PHILADELPHIA. 
CONSTRUCTED AT THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA. 
(For Description, see Page 26.) 


Fig. 3: 





that of hand my on,» inclusive of the 12s. per ton | lation to the better qualities of iron ; SensuleeSinchnseeten 
for case - Sabliontn he rails will not exceed the cost | will compete in many respects with steel, notably in 

of = common pi ited vail hitherto made in the Cleveland | and whatever the chagrin or discomfort ‘‘ X. Y. ca his 

distri followers may experience, there is a future for Cleveland, 

Those are a few of the facts bearing on the case, and | and honour in store for the men who are promoting it. 


| oper) 








which strengthened alike the conviction and recollection of CyYcLops. 
—— took _ ee a a a a 

now to the perso of the letter of ‘ 
His censure of the came en by Mr. Harrison is founded THE ORIGIN OF MOTION, 
on supposition of a very untenable sort. His disbelief in To THE EDITOR oF ENGINEERING. 
the merit of homogeneous iron rails is not supported by S1z,—Your contributor, in his letter a in your 
any evidence comparable with the testimony afforded by a | issue of the 5th inst., accuses me of ind in person- 


long and exhaustive trial of merit, in fact, itis rome alities. Now all I have hinted is, that your contributor is 

= t practice. In the case of "Mr. Bell it is something | evidently not armed with sufficient knowledge of physics to 
like an accusation of piracy ; who that is at all acquainted | justify him in writing about it; and this is confirmed by 
with the character of the eminent metallurgist will for one | your contributor himself in his twelfth article, where he | W 
moment entertain so base a suspicion ? confesses to know nothing of mathematics. For, although 

He has gone something out of his way to have a “dig” | Faraday is certainly ri ‘cy in saying |that a mathematical 
at Mr. Spencer, and he denies his right to the name of mind, “ simply as such,” (i.e., without any other know- 


“inventor.” On what os is he interdicted >—“ his far- ledge) is not sufficient to forma physicist, still it is equally ~ 


nace is evolved from a conglomeration of previous ideas.”’ t no one can claim that title without a very sound 
If this is not invention, what on earth is? Few men are snoutelgs of all the branches of mathematice. k at 
abeolutel original, though I would not deny that merit | any of the handbooks of | ag ter acer polytechnic schools, 

to “xX. yo his eccentricity. But i =k bane on the Continent (I suppose it is the 
Spencer’s eae -_ very high, his labours had a lai England) ; is not almost every covered with 
measure of success, his machine had less of imitation ped the the meihenetind ‘ievelopment of of some coal pow ber om ? How will 


Dust it was not a reflex of any past or existing furnace, | your contributor onan, SS law of 
his designs were bolder and aims more dosing the than any hoff on the relation between absorption and emission 
of his rivals, and he has done as much to the possi- | of heat or light wipers the use of mathematics ; or the 


bilities of rot ddling as any man li though | four laws of Fresnel and Arago on the interference of 
his plan soy Sm om me + agp Ae my inven- | polarised light; or even the famous theory of Clausius, | previous 
tious” (he might have said of previous failures), this does which that eminent physicist hss arrived at entirely by 
not detract from the distinctiveness of Mr. Spencer’s own | means of mathematical deduction. Experiments can only 
conceptions. establish facts, but cannot explain them. To one who is 
It would seem a source of exultation to ‘‘X. Y.”’ should | unacquainted with mathematics the physical laws have a 
the homogeneous process fail, but this is placed beyond the | connexion with each other. By means of mathematics w 
reach of such disaster. The success attending the process pape ac give show ghey reece re 
at Messrs. Hopkins and Co.’s, the marked im t in | inevii consequences a few 
the Cram ‘maine tend to confirm this. Mr. Cram Besides, both experiment and mathematical deduction must 
can 20 cwt. of iron from 7 per cent. of fuel, and form | check each other, and, therefore, even the experimentalist 
the entire mass into one solid i He can ive 95 must be a mathematician ; for experiments, as, for 
per cent. of the charge of pig as bars or rails of the | instance, those of Stefan on the power of , 
most homogeneous iron ete of transition is at hand; | are so intimately connected with mathematical 2 
much of the widened employment of steel is due to its assimi- | that the former have no value without the latter. It is, 











29 
knowledge an for 
the latter requires, » 5 a 
= of the five senses ; but it is not ible 

ceed came i out a know- 
— ma‘ " 

n sayi that the presence of the ether is the cause of 
the dia: some bodies, the word cause must be 
taken in such a sense, that its presence in the interior of 
the is nf vee mater yr eae eg but 
is not required for the absorption of the heat (as your 


to ueeuenh <i eram ane is not necessary 
for conveying the ray of heat to the phew rnd 
word cause was not well chosen, but then your con itor 
should not be too hard upon a forei ange say mem 
tage of his imperfect knowledge of the language. What 


pendently of any previous motion i ise, 
which those molecules may happen ~ Now in the 
former case the body is said to be diathermanous, 
must not be forgotten that most bodies are not equally 
diathermanous to all rays 
Your contributor farther says that air is and 
vapour of water impervious to obscure ra as ges 
this is rather too absolute a statement. According to the 


true that “Tyndall hes found that aie charged with vepour 
‘oun: c 
absorbs more heat than air, us has shown, by 
repeating the experiment, that Tyndall had no the 
D precautions. The latter physicist a 
y P 


vapour is introduced i such a pipe, a good deal of con- 
densation, in the form of numberless qr y aac 
takes . This condensation causes a & great decrease of 
the ion by the bright sides of the pi Fy: aps reflec- 
tion, in the case of the dry air, would the calorific 
effect - the thermo-battery ; "ang tin the ive a can ne 


] experimen’ 
mille pipe am noe E eof with with cotton, om aon mY ae found that 


of the vapour of water makes no difference 
pe 
The next geet in your contributor’s last letter refers to 
my remark that ether, if it cannot absorb heat, cannot be 
agas. To disprove this, your contributor starts a fresh 
hesis, viz., that although it cannot absorb poms it 
might contain the same. Now the inevitable result of 
this hypothesis is that the amount of energy of _s ee is 
cnet ait So taew oe 5 an tb AF, 
con’ r, e one, @ energy 
not only on earth, but in the ~~ incl the 
due to the motion of the planets, &¢ , all tha is derived 
from the ether, and cannot be restored to it under the form 
of heat, for ether cannot absorb heat, Your contributor 
himself has stated (in vol. xxi. of ENGINEERING) that the 
energy imparted by the ether is returned to it as 
heat, which it absorbs, so that he now contradicts himself. 
bw = that ether cannot absorb r pal amounts to rejecting 
ciple of the conservation 0: ei, all 
Now for my — about the d between the 
inside & t+ is based on a chemical law, and on the 
Soy of Siesictto enh Gaemnns Now your contributor 
denies me the right to assume that ether, a it to 
be a gas, follows those laws; if your contribu’ 
mathematician, he would a that those laws are the 
natural and mathematicall leduced consequence of the 
theory of Clausius ne thy mere known before that 
theory), so, if ether does not fo those laws, it cannot 
ly follow the theory of Clausius; thus your con- 
ibutor is constantly blowing up his own theories. It is 
rather a good joke of your contributor’s every now and 
then to — me the rig t to to assume, in the case of ether, 
what is the huspien eS while he himself assumes as many 
ualities, — all rules, as he thinks — 
for woe merge his theory. We believers in the theory of 
action at a distance attribute to’ ether all the properties 
which are common to all matter, but your contributor must 
needs invent new theories at turn mye ay eed 
his hobby on its legs, thereby sing fe om his original th 
more improbable with ev a 
still fail to see the relati the cohesion of a 
the pressure of the ether. One ht as well sry 
derive the latter from the cohesion of plum-pudding 
does ya contributor multiply the cohesien of steel 
instead of 2 or 4, or, any Soper and by 8 
having han! A number 450, does en — an 
extra e is — y tem no 
mathematical mind ; he has nga 
Any sensible man, who belioved ether to bea gas, ~ 
finding in most o! fundamental properties i 
from gases, would thereby come to the conclusion Hors his 
coheps te Mined of not rie By 1% thematical 
in consequence ving & mai 
eae apd re these cts of hs theory, probably on the 
















































































40 ENGINEERING. [Jan. 12, 1877. 
Seepetien thet Newton was very intolerant of those who | make known through your widely read paper, to the young CITY SANITATION, 
H _ for SS ee Se een neem: O a welfare — te ed tes oe ome An article on the above subject in ‘our issue of the 
to ewton’s, em theory ; must jesty —. This may seem poe inst., contains some observations on the water su 
membered that Newton was often wrong in his hard remark, "Put to those who question my right to make | of the Mansion House, which, if unexplained, might supply 


very 
theories, as, for instance, in the case of 
theory. In spite of Newton I can assure your contributor 
that on the i many of the most eminent physicists 
(in fact by far the greatest number) still adopt the theory of 
action at a distance 


Before concluding, I must draw your attention to your 

5 assertion in his twelfth article that 

in chemistry all the known reactions seem to be governed 

by caprice, and that no fixed laws are known which de- 

termine those reactions. To any one acquainted with the 

modern theory of chemistry I need not point out how 
absurd and ridicalous that assertion is. 

If in the course of this discussion, which I will not further 
continue, there has been some heat on my part, my excuse is, 
that there is nothing more ing than to find, after 
having proved a thing by mathematical demonstration, that 

‘our opponent, instead of proving demonstration to 
be wrong, simply denies the result, thus opposing the dead- 
weight of ignorance to the force of scientific argument. 
Believe me, Sir, yours eres % & 

E. J. SILLEM. 


Amersterdam, January 9, 1877. 





RAILWAY SIGNALS. 
To tue Eprror or ENGINEERING. 
Si1z,—In a fog, whether dense or amounting only toa 
thick haze, railway men or even trespassers how 
mom is the glimpse a drivef can obtain either of 


home or , the difficulty being much enhanced 
by the great — sometimes ily given to both 
ts. This height not only makes the le at 


signal 

ww ich to ¢ the ’ 

showing a white gleam downwards to the driver at the only 
instant when he sees it at all. He does not know where to 
look for it, and when seen there is room for doubt as to its 


im M » happy if » is to have 
soe renal onthe level of Sever za) ao bis own 
poin' 


square across at him, at each home 
and distant, which should always work, but have the 
lamps lit when required by the weather. Let us have this, 
A Ea ae, 
ves passengers 8 sympa- 
potty of those of railway servants) will be compara- 
tively safe. 
There would have been no Abbotts Ripton disaster with 
the first precaution, because the same weather would not 


have blocked two signals so differently situated. And there 
would have been no i , because with 
either or both— not—of the precautions the train 
could have been in 300 » whereas that would 
appear to be about the which driver and fireman 
wy their lives by jumping. a hy em better to papel 9 

suguested ver in passing, whi 
would ve resdised fe the being brought to a stand 
more than a quarter of a mile away. 

Your obedient servant, 

December 27, 1876. JouN CookE. 





NAVAL ENGINEERS. 

To rue Epiror or ENGINEERING. 
Lord Commissioners of the Admiralty have 
vacancies for assistant engineers of 
Royal Navy, to open competition. 
you know, is the first time for several years that 
chance has been offered to men brought up in 
Soy eae S t Britain to enter the 
service as engineers, and therefore the conditions of 
they ~~ ye 4 are possibly un- 
seeing advertisement, may 
ir lordships I notice state 
, promotion, or whatever else may be con- 

to give the service a 


a 
-_ 
= 


i 


trial. Asa 


naval i of nearly twenty years’ experience, I take 
on myselt to inform any in competitors that they 
insist on having a ly drawn agreement with the 
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ignored i 
pedient. as a young man nearly twenty years 

ago full of health and energy, determined to try and om 
otion the 


and here I am now, not 
, and m : of leav- 
‘or entirely out, 
ssed all examinations, 
when I venture to 
remonstrate at the result of these promises, heartlessly 
» I am told, ‘Oh we are not responsible for promises 
by our officials twenty years ago. ”’ 
ill not now trouble you with an percent of the treat- 
engineers generally receive on board Her Majesty’s 
ships. Suffice it to ay that I have been punished is such 
a 


promise | described : 
f 


the statement, I reply that I consider the worst day’s work 
I ever did was to become. 


Chatham, December 21, 1876. 


A Naval ENGINEER. 





HARTNELL’S AUTOMATIC EXPANSION 
REGULATOR. 
To THe EpiTror oF ENGINEERING. 

S1r,—In a letter which ap in ENGINEERING last 
week,* the writer who signs himself ‘‘ C.G.’’ concludes by 
saying that he is ‘‘ much gratified that the result of ‘ his’ first 
letter has been a reduction of Mr. Hartnell’s claim to com- 


parative efficiency from to ae &e. 


The writer must very well know, not only that no such 
claim was ever maflet+, but that it is merely an inference 
of his own, to be found only in the very letter he refers 
to.t In replyI pointed out his error.§ : 

et in the above-quoted sentence he appears to impute to 

me the having made and withdrawn his own misconception. 
Such writing is something more than careless. : 

He had a ed your description of my governor in 


several particulars,|| one being the supposed claim of 7. 


The result was I kindly pointed a number of errors ;{ 
presuming from one of his remarks** he was simply seek- 
ing after the truth. Your description remains as it was, 
nothing having been shown to be incorreet nothing has been 
withdrawn or modified. 

In rd to the first paragraph of “ C. G.’s’”’ letter last 
week ;if there be, as he surmises, ‘‘ a — little joke,’ itis 
that having penned it, he should come forward to correct us 
on the subject of governors, seeing that he has not yet dis- 
covered the elementary truth that the statement he there 
calls absurd, but which I had told him was ‘“‘ mathematically 
correct,’’ is in the strictest sense the statement of the 
The original paragra his,t+ ‘That th 

e 0 phis,tt “ e power a governor 
may exert, on a auction of —_ cannot exceed that 
stored ~ ap ~ balls are furt oe ss —, = 
the ordi pendulum governor thi the weight o: 
des balls multiplied by the perpen ‘cular height they are 


This is the limit of force which (on the balls ee 
cannot be exceeded, but to which it is possible to approac 
indefinitely near. ‘ 

This may be proved experimentally by screwing up the 
throttle valve gland so tightly when the balls are fully ex- 
panded that on applying an increased load to the engine it 
shall nearly stop before the balls can descend. The more 
the centrifugal force is reduced the nearer the er 
exerted by the balls in falling approaches the limit of their 
weight multiplied by their perpendicular descent. 

is limiting value is a most os in compar- 
ing the relative powers of governors, deserves a special 
name. Suppose (until a better term be found) it be called 
** governor power.”’ 

‘governor power’ mean the 
required to open the balls to their 
governor is not revolving. ; 

It it evident the ‘‘ governor power’’ should be much in 
excess of the valve resistance to be overcome, and it might 
be camnieal wilh 0 Sets agyecachs te aeuseny thes be gest 
governors of very different construction, but having the 
same ‘‘ governor power’ and the same inherent sensitiveness, 
would behave in nearly the same manner. Hence if the 

‘governor power’ required for an engine can be deter- 
mined, whatever may be the form of governor, the proper 
size can be readily found. 

In order to determine the governor power required, my 
plan for some years past has-been to make notes of the 

‘governor power” in actual use in sundry engines with 
particulars bearing on the subject so as to judge from 
actual practice. From this point of view governors may be 
described by two figures, the one stating the ‘‘ governor 
wer’’ in foot pounds, the other the percentage variations 
rom the arithmetical mean speed which give the extreme 
speeds. Thus the governors already alluded to may be thus 


a in foot-pounds 
range when the 


ft-lb. per cent. 
Pendulum ... oe _ ee 4 
Hartnell ... 36 ‘ 4 variable 
Pendulum ... 36 ssi 4 
Porter 14.6 4.2 


It would be most convenient if the manufacturers of 
vernors would make it a practice to append such 
F the creaiaes dnesthine asa most useful guide to 
the engineer in selecting for his requirements. 
Yours truly, 
Witson HAaRTNELL. 





PENNSYLVANIAN Coat Minrna.—The total production 
of coal in Pennsylvania in the first fifty weeks of last year 
was 21,663,663 , against 23,494,134 tons in the corre- 
sponding period of 1875, showing a decrease of 1,830,471 tons 








a manner that had long continuance of similar treat- 

ment rendered me callous, I should have been | last year. 

rendered desperate, and mine unf is by no means 

@ singular experience. The Admiralty tried to get engine- page: lumns. 

room artificers to take the place of engineers, bu’ y| * Enarnezrine, Jan. 5, 18 2and3 lines. 

good men will scarcely ever enter, the men already in the os _ ma. 'S 36 to 47 

ome. De eds pegs: Se caters to that friends on a Deo. 15, 508 : eS 

shore ; good reliable men coming > . 22, ” 

forward as candidates, the greater number are men who “4 Dec. 15, 502 _—1, p. 508, col. 1, 2, 3, 

would not find it easy. to get work on shore * Deo, 22,529 3 

Rtn pe = ee Gate ed betel ~* ae, ; 14 ,, 16 
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wrong impression on the minds of your ers. 
discussion which took place at the Court of Common 
Council had reference to the condition of the Mansion 
House cisterns at the early part of last year, and did not 
apply in the least to the state of matters existing at the 
present time. 

So far back as last April we received instructions from 
Dr. Sedgwick Saunders to attach one of our main supply 
filters to each of the eight cisterns in the Mansion House. 
By this arrangement the whole of the water entering the 
building is purified before use, and we have every reason 
for believing that at the present moment the supply is all 
that can be desired. 
¥ Trusting that you will find room for this short explana- 

on, 

We are, Sir, your obedient servants, 
Tue SILICATED CARBON FILTER CoMPANY. 
London, January 9, 1877. 

(The fact that the state of affairs to which we adverted 
could exist at the Mansion House at all, either last year or 
this, fully warranted our remarks on the matter'—Eb. E.] 





BripemnaG THE MurRay.—Substantial pee s is being 
made with the erection of a new bridge whic’ ao thrown 
across the Murray by Messrs. Halliday and Walker. The 
brick abutments on the Victorian side of the river are 
finished, and are of neat design. All the cylinders on the 
bank to the number of sixteen are sunk and filled with con- 
crete. The junction piers which stand on the verge of the 
river bank are in position ; these cylinders are 7 ft. 5 in. in 
diameter, and weigh between three and four tons. The 
river will be crossed by the bridge in three spans, the centre 
one 112 ft. wide and the side openings 98 ft. wide. The 
main piers in the river openings will be 9 ft. 9 in. in dia- 
meter, made in 6 ft. 1 hs. The new South Wales 
approaches are being pushed on; the pile staging has been 
completed, but di ties have been met with in sinking the 
cylinders, roots and stumps of trees impeding the necessary 
excavation. These are Senet. found at — depth, 
after water has been struck, and they can only be cut away 
by a diver with great labour. 





LONDON ASSOCIATION OF FOoREMEN ENGINEERS AND 
DRAUGHTSMEN.—The twenty-fourth annnal meeting of 
members of this Institution was held on Saturday the 
6th inst., in the theatre of the Society of Arts. It was 
very well attended, and the chair was occupied by Mr. 
Joseph Newton, President. After the nomination of some 
new members, the auditors, Messrs. T. Haughton and R. 
Tow, produced the balance-sheet for the past half-year. 
From this document it appears that the year 1876, not- 
withstanding the depression existing gen out of doors, 
was @ very p! us one for this society. Au its distinct 
funds had sensibly increased, and the total augmentation 
amounted to 2201. 8s. 11d. The negre te total of moneys 
invested for urpose on be of the Association at 
* moment Ly 152. 17s. 9d., a the number of members 
—honorary ordinary—on its register is 305, an increase 
during the year of 29 members. With these gratifying 
statistics before it, it is not surprising that the balance- 
sheet met with a cordial and unanimous acceptance at the 
hands of the meeting on Saturday. Subsequently the 
chairman delivered his annual address. The topics com- 
prised a eee of Messrs. Swinbourne, Usher, 

1 the work, past, present, and future, of the 
society, the late Arctic expedition, the Thames inundations, 
colliery disasters, and other matters of less importance. 
tei dg ag 4 the ——— ~ oe me 7 was gone 
hrough. Mr. Newton resign’ position of President, | 
Se hall, and was ———— Mr. Vinicombe was also re- 
elected vice-president for the ensuing year. The twenty- 
fourth anniversary festival was afterwards fixed for the 
17th of February, and the meeting ended. 


HEALTH IMPROVEMENTS IN GREAT CrTIES.—On this 
subject Dr. Richardson, F.R.S. has recently delivered a 
lecture at the London Institution, in which he gave further 
illustration of the high views he entertains in — to 
house sanitation. He considered that for purposes of health 
the honses in this island require te be rebuilt, or remodelled, 
from Land’s End to the Hebrides. Dr. Richardson entered 
into the hi of ventilation, from the time of Stephen 
Hales, in 1733, to the present day, and explained the 
different discoveries that had been made in the various 
branches of science bearing on the health of towns, showing 
that till these were understood and appreciated, all modes 
of construction were of necessity imperfect. He called 
attention to the influence of water, dampness, light, and 
darkness, &c. The effects of light deserve ial notice. 
Having got from India some poison of the cobra, on ivory 
points, he discovered that on some of those which had been 
exposed to the light, ina glass bottle, the poison had become 
inert, while on others that had been wrapped in paper, in 
the same bottle, the poison retained all its deadly activity. 
He hence argued that if sunlight exercised such power on 
the poison of the cobra, it might by —_-r destroy 
the poison of small-pox, scarlet fever, and typhoid. He 
considered that pure air and water, freedom ee 
were essential. He 
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GOODS LOCOMOTIVE FOR THE 3-FT. GAl 
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| - CONSTRUCTED AT THE BALDWIN 
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CYLINDERs : Fr. In. WHEELS : Fr. In. 
Diameter : « | Diameter of coupled wheels . . «.~ . , 2 
Length of stroke 1 4 | e truck ly? ; ‘ rae 2 0 

od steam ports 0 10 | Distance between centres of front and rear | 
Width x M 0 1 coupled wheels . . i . ; a os 
»  Oofexhaust ports . . 0 2 Total wheel base of locomotive . F cig ae 
Travel of valves in full gear 0 4} Diameter of journals of coupled axles 0 5 
Outside lap of valve 0 05 Length - - a 0 7 
Inside 2 » ‘ ° , 0 Oy Diameter of main crank-pin bearing o 3 
Exhaust nozzles—double ; 2} in. square. Length - - - 0 & 














GAUGE AT THE PHILADELPHIA EXHIBITION. 


LDWIN 


MOTIVE WORKS, PHILADELPHIA. 


iptiog see Page 26.) 
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Boer: 
Outside diameter at smallest ring 
Thickness of plates (iron) 
Number of tubes 
length , . , ‘ 
Outside diameter of tubes 
Inside - “Soe 
Length of firebox inside . 
Width ° , : 
Height ‘a - above grate 
Thickness of sides, back, and crown plate 
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Borer :—continued. 
Grate surface ° ‘ 
Heating surface in firebox . 
” » in tubes (external) 
Total heating surface , Pe 
Flue area through tubes (disregarding ferrules) 
WEIcurT: 
Weight on coupled wheels in working order 


TENDER: 
Number of wheels . 


Diameter _,, 
Contents of tank . 
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rT INEERING.” did all could under the regulations which they | driver having been able to sight the at such a 
PP ic fh A ge — orked.” This practically throwing, as it| distance. Ieven if we accept this estimate of the 
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NOTICES OF MEETINGS. 

THE INSTITUTION or OIVIL ENGINEERS.—Tuesday, January 16th, 
atSpm. “ “wry and Renewals of Locomotives,” by Alexander 
McDonnell, M. Inst. C.E. 

THE INSTITUTION OF SURVEYORS.—Monday evening, Jan 
15th, a paper will beread by Mr. W. T. Marriott, entitled “ Riparian 
Rights.” The chair to be taken at eight o'clock. 


ENGINEERING. 
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THE ARLSEY “ACCIDENT.” 

In our impression of the 29th of December, on 
page 543, we dealt at some length with the causes 
which led to the recent so-termed “ accident ” which 
occurred at Arlsey Siding on the 23rd of that month, 
and we pointed out that the main points for con- 
sideration were: ‘ First, were the home and distant 
signals really at danger; second, if so when were 
they observed by the driver of the express ; third, 
was the brake power provided sufficient, if properly 
used, to arrest the train in the distance available ; 
and fourth, were the means taken to protect the 
shunting operations at Arlsey Siding such as might 
reasonably be expected to be sufficient,” We at the 
same time remarked that, inasmuch as the inquiry 
before the coroner was then still in progress, 
we did not deem it desirable to express y our 
opinion on some of the points in —— but that 
we should return to the subject hereafter. This 
we now do, the inquest having terminated on Friday 
last, when the jury returned their verdict as follows : 
‘‘ We are of opinion that Thomas Pepper and John 
Lovell, the driver and fireman of the 2.45 express 
on the 23rd ult., met their death by Jamping from 
the engine of the said train at Arlsey ; that Luc 
Thompson, Abigail Longstaff, and Maurice Michael, 
passengers by the 2.45 express, lost their lives on 
the 23rd, at Arlsey, in a collision occasioned by the 
neglect of the driver to observe his signals, and at 
that time the inefficient carrying out of the block 
system on the Great Northern Railway. We beg 
further to say that in our opinion Philip Walters, 
the station master, William Graves, the signalman, 
and the other servants of the company at Arlsey, are 
exonerated from all blame in the matter, as they 


saw the home si 





does, all the blame upon the unfortunate driver, 
appears to us to be quite at variance with the facts 
proved by the evidence, and hence we propose to 
consider these facts in detail. 

With regard to the first of the questions which 
we have enumerated as requiring consideration, the 
evidence produced at the Government inquiry, and 
before the coroner, seems fairly conclusive as to the 
fact that the signals were at danger. As to the second 
consideration, whether the signals were observable 


by the driver from such a position as would enable | yards 


him to obtain such control over the train as to 
avoid the collision, we have the later evidence of 
Mr. Thomas Dudley Ryder to the effect that he 
heard first a whistle as for the lowering of the signals, 
followed by another for the brakes some half minute 
afterwards, as well as that of Mr. George Kingsley 
Daniels, who happened to be in a field adjoining 
the railway and who states he noticed the driver 
whistle some 150 or 200 a before the train 
reached the distant signal, ‘‘there was a distinct pause 
between the whistles, but it was very slight, like 
a continuous whistle.” It will be remembered 
that- Woodhouse, the head guard, who travelled in 
the rear van, testified on his examination before the 
Government inspector, that on seeing the distant 
signal at danger he applied his brake, and that they 
were. fast passing this si when he heard the 
driver whistle for the brakes; whilst Thacker, the 
guard who occupied the front van, on_heari 
the whistle, and applying his brake, looked out an 
at. danger, he being then, as 
nearly as he could judge, about midway between 
the home and distant si Now the evidence of 
the two independent witnesses first goes 
very far to prove—and.in fact appears to us to 


prove satisfactorily—that the driver was not negli- 
gent of the si; , but that in the twilight they 
were not visible at a sufficient distance to afford him 


an earlier —— of warning the guards of the 
danger ahead. The evidence, however, suggests a 
doubt as to whether the first whistle spoken of by 
Mr. Ryder and Mr. Daniels was heard by either of 
eo It is evident it was not heard—or if 
heard neglected—by the guard in the front van ; and 
if it escaped his observation it is but reasonable to 
suppose it might that of the rear guard. Every one 
who has had experience in railway working well 
knows that a whistle is a most imperfect means 


‘ria | Of Signalling between the driver and guards, and it 


is for this reason that we have always urged that all 
the brakes on the train should be under the imme- 
diate control of the driver himself. The verdict of 
the coroner’s jury is against the engine driver, but 
the grounds on which this portion of it is based are 
by no means clear to us. our remarks above we 
have expressed our opinion that there is no poose 
that the driver was at all negligent in look- 
ing for his signals. The later evidence shows he 
whistled some 150 or 200 yards in advance of the 
distant signal. This reduces the question to the 
distance at which he could see the signal, and upon 
this point there is not, nor can there be, any direct 
evidence, for those only who could give it are not 
amongst us to do so. e have before referred to 
the doubtful light which at this time of the year, 
and at the time of the day in question, prevails. 
Add to this the a See , and an atmo- 
sphere clouded with snow and sleet or rain, and we 
feel that we are justified in the doubt which we 
say rests upon this point. But the very facts pro- 
duced before the jury appear to us to go beyond 
this, and to show conclusively that under the circum- 
stances which surrounded the accident it was im- 
possible for the driver of the express to have avoided 
the collision. 

The driver of the second yatee of the divided 
train, and which was stopped at Cadwell, says that 
although he was on the look out for the signals, and 
had his brakes on in good time before passing the 
distant, he yet overran the home signal at Cadwell, 
and was then only able to bring his train to a stand 
on reversing his engine. Mr. Johnson, the chief 
engineer of the line, showed that the distance run 
ae train with the brakes on was 1170 yards. 

. Stirling, the locomotive engineer, further gave 
evidence that in his opinion the driver of the ill- 
fated express could not have brought his train, fitted 
with the brake power at its command, to a stand 
ander all the circumstances in a less distance than 
1200 yards. Now we know that this meant sighti 
the distant signal some 400 yards or more south 
jt, and the probabilities are greatly against the 





value of the brake power with which the train was 
provided, we see that it means that the collision 
could not have been avoided, unless the driver had 
seen the distant signal so early that by the time he 
had arrived within 300 of it he had. been 
enabled to obtain the full tion of the guards 
to aid him in stopping the train. Judging from the 
results obtained at Newark last year, there is, 
however, great reason for doubtii whether the 
train in question could have been up in 1200 
with the brake power onal ble, considering 
the bad state of the rails on the day of the collision. 
The conclusion is therefore forced upon us. that 
under the ing circumstances the collision was 
totally unavoidable by the engine driver—a man 
holding a high character, having obtained many 
gratuities for good service, and having had man 
years’ experience. We should have been glad 
the j eft this point undecided, rather than inflict 
upon the memory of an apparently deserving man 
what seems to our mind an unjust censure, 

The question of brake power we have dealt freely 
with in our previous article (p e 545, vol. xxii.), 
and we have little to ad yond express- 
ing a hope that this lamentable disaster may 
be fruitful in inducing railway companies in general 
to adopt those means for the protection of their 
traffic, the necessity of which has been, by it. and 
by so many previous collisions, so forcibly illus- 
trated, and the absence of which we have ever 
held to be unwarrantable with trains travelling 
at such a high rate of speed. We showed in our 
former article and in the more detailed results 
of the recent brake trials published in our last 
‘week’s impression, that the express on this 
occasion been provided with any of the coptinuous 
‘brakes under experiment, and especially the West- 
‘inghouse brake, the sad results of the collision 
would have been entirely avoided. In our article 
‘of the 29th ult., moreover, we showed that 
judging from the data afforded by the brake 

ials at Newark last year, the brakes with which 
the train was fitted would not have prevented the 
collision unless applied some 550 or so south 
of the distant signal, and the evidence since given 
has afforded no reason for modifying this opinion. 
In fact, the evidence rather goes to prove that the 
speed of the train when approaching Arlsey was 
nearer 60 than 55 miles per{hour, as we as- 
sumed, and if this was the case the distance re- 
qree for pulling up would of course be increased. 

e broad and undeniable fact is, however, that 
with a good continuous brake the train might have 
easily been pulled up even if the driver had got no 
warning until he had actually passed the distant 
signal, and we are quite at a loss to understand how 
this fact can have been ignored by the coroner's 
jury in framing their verdict, We trust, however, 
that the fact will present. itself in other quarters 
with all the force which its high importance demands, 
for it is evident that numerous occasions must arise 
where the.signals are not visible at the distance 
named, and there must, therefore, in all cases of 
high speed exist with trains fitted with such in- 

equate brake power, a considerable amount of 
danger whenever the state of the weather is such as 
to gpevene the signals being seen at a distance. 

e now approach the gy is as to whether the 
means taken to protect the shunting operations at 
Arlsey Siding were such as might reasonably have 
been expected to be sufficient ; and in order to deal 
with this it will be necessary to recapitulate « portion 
of the facts laid before our readers when dealing with 
the subject in our impression of the 29th ult., and 
which have been in no way controverted by the more 
recent inquiry. To this end we must recall the fact 
that the down express was signalled to Arlsey Siding 
as havin Hitchin at 3.34, and Cadwell at 
3.86; and that the collision is said to have occurred 
at or about 3.37. That the up goods arrived at 
Arlsey Siding at 3.30, and that it at once set to 
work to cross over the down main road in order to 
reach asiding on the west side of the line, That in 
the course of the operation three of the wagons left 
the rails; that this fact was at once communicated 
to the signalman with a request that he would block 
the road; that in reply he stated the express had 
that instant been signalled from Cadwell, and that 
he threw the porter Bygrave a red flag, calling upon 
him to run up the line and stop the approaching 
train. That Bygrave tried to do so, but was met by 
the train some 200 yards south of the signal-box. _ In 





addition we should remember that the signals were 
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worked from a locking frame, and that the section 
of line was worked under the block system. More- 
over, that the shunting was, as we stated in our 
previous article, proceeding under the protection 
of the Arlsey Siding line signals only, the block in- 
strument for down trains at Cadwell, worked by 
Arlsey Siding, showing /ine clear. 

As we have not hitherto dealt with this portion 
of the question we will first regard it under the re- 
gulations in force at the time of the accident, These 
were to the effect that so long as a fast train had 
not been signalled as having Hitchin, it was 
not the practice to block the down road at Cadwell. 
Hitchen, we may remind our readers, is distant 
32 miles from London, or 1} miles south of Cad- 
well, and rather more than 34 miles south of Arlsey 
Siding, so that the run from Hitchen to the last- 
mentioned place will as a rule be made by the 
express trains in about four minutes, or probably 
often less, as there is a down gradient the whole way. 

At 3.30, then, the up arrived, and is said to 
have proceeded to do its work. At 3.37 the collision 
took place. There was thus between these times an 
interval of six or seven minutes, during which the 
cross-over operation _— have been made without 
involving an accident. as this sufficient for such 
an operation? We have no hesitation in saying it 
was. But if this train started to do its work 
at once on its arrival, how did it happen that the 
mishap occurred only at or very close upon 3.36, for 
that was the time at which the signalman was in- 
formed of it, the very moment when the down 
express was signalled from Cadwell? Was there 
a delay in proceeding with the shunting, or in 
communicating to the signalman the mishap to 
the wagons? Viewed under the system by which 
the traflic was worked at this point of the line, 
here lies the germ of the accident. Either the 
shunting was not commenced so speedily as it 
should have been on the arrival of the goods, or the 
wagons were off the road before the down train was 
signalled as having passed Hitchin. In the former 
case the shunting should have been kept back till 
the express had passed, and in the latter case there 
should have been time to block the road at Cadwell. 
Viewed from this standpoint, the all-important 
question which presents itself to our mind is, What 
was the position of the goods train at the moment 
when Arlsey Siding received the signal to say the 
down express had passed Hitchin? If it had not 
commenced to cross over the running roads, it ought 
not, as we have already said, have been permitted to 
do so; whilst if it was on the cross-over road, the 
express ought to have been stopped at Cadwell. 
The signalman was no doubt doing his best, but it 
seems clear enough that the goods was foul of the 
down road when the express Hitchin, and it 
is equally clear that the signalman's duty was, by his 
own teaching, by the practice which he stated to be 
in force, to have at once put on his block signals at 
Cadwell. The absolute fallacy of entrusting men 

laced in the position of this signalman at Arlsey 
Riding witha Geuctienaty power must have ere this 
become patent to every one. Men placed in such a 
position should have their course clear before them, 
and there should be no latitude, no divergence from 
@ given course worked out and laid down by the re- 
sponsible heads of the service. We will now consider 
the working of this point from our own point of view. 

In our impression of the 22nd ult. (p. 519, vol. 
xxii.) we went fully into the question of junction 
working, and in the course of our remarks we in- 
stanced the importance of the question by show- 
ing the number of accidents due to an inefficient 
system of working such points. We have now un- 
fortunately a further illustration of the need of an 
improvement in this direction. At 520 of the 
article referred to we laid down as a rule, that “‘ ¢he 
sunction sections of every road which will be fouled by 
the coming train shall be regarded as one section until 
the train has passed the fouling point.” Now nothing 
could more forcibly illustrate the strict propriety of 
this than the lamentable disaster before us. If this 
rule had been in force, before the goods had been 
allowed to foul the down road, it would have been 
blocked back at Cadwell until the down road was 
again clear. Practically, every point at which a 
running road is intersected by a cross-over road or 
where it is broken in upon by siding points, be- 
comes a junction, and the rules which are required 
to govern a junction should be equally applicable to 
it. The practice at Arisey Siding was to adopt this 
very necessary Fp yee only under certain cir- 
cumstances. it been a hard and fast rule how 
different would have been the issue, and yet it is 





difficult to see any reason why such should not have 
been the case, Had it been in the power of the 
signalman he would at the last moment have blocked 
Cadwell. Why not have made sure by doing so be- 
fore the moment when it was too late to do so had 
arrived ? It is, of course, possible that such a course 
may occasionally cause some slight stoppage and 
delay ; but it is at the same time but too evident 
that the absence of such a practice must be attended 
with risk, It is satisfactory to learn that the Great 
Northern Railway Company has already amended 
its regulations upon this point, and we trust the 
course pursued it will be followed by others. 
The tendency of the day is towards increased speed. 
Increased speed, however, is a question which very 
largely affects the question of brake power, per- 
manent way, and position of signals. With a 
powerful brake, at the command of the driver and 
guard alike, the stringency which ought now to 
exist in the proper application of block signals 
might be reconsidered ; but in our present condition 
there is but one course, and that is to preserve intact 
the sectional space allotted by the blocks. 

The source of the accident is to be found in the 
absence of a proper application of the block signals 
combined with the want of a continuous brake. 
Lamentable as was the result, it is gratifying to 
find it has already borne fruit. The line is now 
worked on a system more secure than hitherto; 
and the danger of running fast speed trains with 
a brake power inadequate in its application, and 
not unfrequently unattainable at the only moment 
it might be of use, has been so thoroughly 
demonstrated that to ignore it is no longer a 
question of ignorance but of culpability. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue twenty-fifth of January bids fair to be a 
memorable day in the history of this Institution. On 
that day is to be decided by the members who shall be 
present at the meeting to be held at Birmingham 
the question whether or not the business and house 
of the Institution shall be removed to London. See- 
ing that the majority have, by signing a memorial 
to the Council, shown themselves to be in favour of 
such removal, it is to be regretted that a minority 
should now be striving hard to thwart an object so 
eminently calculated to benefit the main body, and 
that without any fair excuse for such opposition. It 
has been urged against the change that during the 
twenty-nine years of its existence with head-quarters 
at Birmingham, the Institution has been increasing in 
importance’and prosperity. This however may well 
be taken as showing only how much more might have 
been done had the head-quarters been in London. 

Such at least is the view that must inevitably 

resent itself to the minds of unbiassed persons who 
ve attended meetings of the Institution of Civil 
Engineers, the Society of Arts, and other scientific 
bodies centred in London, and haye even casually 
observed the average attendance at these meetings 
as compared with the attendance at the Birmingham 
meetings of the Institution of Mechanical Engi- 
neers. More direct proof is furnished by compa- 
rison of the London with the Birmingham meetings 
of the latter body itself. In Birmingham most of 
the seats in the theatre of the Midland Institute 
are usually empty. Many members residing in 
the provinces would run up to London, who 
would not dream of going to Birmingham. The 
reasons are obvious. London is the great com- 
mercial centre, where the larger number of con- 
tracts are arranged, and where most of the leading 
mechanical engineering firms have branches. Hence, 
between the number of members having business in 
London, and the number whom business calls to 
Birmingham, there can be no comparison. Not 
only so, but, according to the published list, the 
number of members in London—one hundred and 
sixty-nine—more than doubles the number in any 
other town, the next place in point of numerical 
strength being Manchester with eighty members. 

Prominent members of the Institution are fully 
alive to all this, as may be gathered from their 
selecting the Institution of Civil Engineers in prefer- 
ence to that of Mechanical Engineers, when desiring 
to bring forward papers properly coming within the 
scope of the latter. That the proposed change has 
given rise to a considerable display of feeling, is 

rhaps not to be wondered at; but when such 
Feeling is carried to the extent of saying, for ex- 
ample, that ‘the brains of the Institution are in 
the provinces”—as is re to have been 
said ata recent meeting of some members in Man- 











chester—then we think the limits of truth, not to 
say those of good taste, have been somewhat over- 
stepped. Such an assertion, indeed, might with 
equal force be made with reference to the Institu- 
tion of Civil Engineers, and, in fact, to any other 
leading scientific body. 

The London members of the Birmingham In- 
stitution include many of the foremost names in 
mechanical engineering ; the metropolis, as we have 
seen, contains many more members than any other 
town, is the main point of attraction for non-resident 
members, and, in short, is in all ts to be 
regarded as the proper place for the head-quarters 
of an Institution claiming to have a national 
character. Moreover it is to be observed that Lon- 
don is in point of time more easily reached than is 
Birmingham from many places nearer to the latter 
as regards distance. is therefore to be hoped 
that, having the interests of the Institution at heart, 
members will, for once, muster in force at Birming- 
ham, that the forthcoming opportunity of bettering 
the position of the entire body may not be lost. 





THE EFFICIENCY OF BRAKES. 

A TRANSFERENCE of momentum from the irresistible 
mass of public opinion to the inert mass of railway 
officialism has at length instituted a movement which 
will only cease when every high-speed passenger 
train in the kingdom is provided with the most 
efficient brakes obtainable by the management. It 
is none too soon, therefore, to discuss, and, if 
possible, determine, the best and simplest means 
of analysing and recording the ormance of 
brakes under the ever varying conditions of actual 
working. Of course under the special conditions 
oe eg Awe the recent trials on the North 
British Railway the distance in feet run after the 
application of the brakes—or as we may for short- 
ness term it ‘‘ the length of stop” as distinguished 
from ‘‘ the time of stop”—was a tolerably fair index 
of the efficiency of the brakes, But under ordinary 
conditions, or in the comparison of trials conducted 
with other trains on other railways, the length of 
stop considered alone may lead to most fallacious 
conclusions. Thus, even the same train may pull up 
in 800 ft. one day and 1200 ft. the following day, 
and the explanation will be, not that the brakes were 
less efficient, by which we mean less near to 
theoretical perfection, but that the rails were more 
greasy. Again, if two or three ordinary carriages 
be tacked on to a continuous brake train the length 
of stop will be augmented though the “ efficiency” 
of the brake will be as great as ever, and the same 
remark will apply if the stop be made on a descend- 
ing gradient, Itis obvious, therefore, that if any 
fair comparison is to be made between the perfor- 
mances of brakes on different lines and under 
different conditions, something more than the 
maximum speed and the length of stop is absolutely 
necessary. 

We are of opinion, however, that a diagram of 
the stop, as recorded by Mr. Westinghouse’s in- 
genious apparatus, and published by us last week, 
affords all the data necessary, provided it be intelli- 
gently interpreted. With this before us we care 
little to know whether the stop were made on a 
rising or falling grade, or whether the rails were in 
good order or greasy, neither is it necessary that we 
should know the exact percentage of the total 
weight of the train resting upon the braked wheels. 
All we care to know is that the brake was in good 
working order, and that the power, whether manual, 
air, or vacuum, was sufficient to make the brake 
blocks do their best during at least some portion of 
the stop. Before we proceed further it will be well 
to define what is meant by the term “ efficiency of 
brakes” in the present article. 

1, A “ theoretically perfect” brake is one in which 
the retarding forces come instantaneously into action 
and remain of constant intensity for the whole 
length of stop. 

2. The “percentage of efficiency” of any brake 
should indicate the variance of the actual retarding 
force from the preceeding theoretically constant 
force, and it may best be expressed, perhaps, by the 
equation : 

Efficiency = ™ 
M 


in which M=the total momentum per ton of train 
at the maximum velocity v, and m the momentum 
actually destroyed by the brakes in the distance (s) 
which would suffice for a theoretically perfect brake to 
——_ the whole of the momentum. 

3. The value of M will vary directly as the square 
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INGRAM AND STAPFER’S OIL-TESTING APPARATUS, 
CONSTRUCTED BY MESSRS. W. H. BAILEY AND CO., ENGINEERS, SALFORD, MANCHESTER. 
(For Description, see Page 28.) 


of the speed. The value of s, or in other words, 
the theoretically possible ‘‘ length of stop” will vary 
directly as M, and inversely as the total retarding 
forces in action per ton of train. The latter are made 
up of the train resistances, effects of gradients, and 
the proper retarding force of the brake itself, which 
will again vary with the condition of the surface of 
the rails, and the number of wheels braked. All 
these disturbing elements are eliminated if the fol- 
lowing hypothesis hold good, as it should with every 
well-proportioned and well-manned brake in a fair 
state of repair. 

4. At some portion of the stop every brake, 
whether a simple brake on a guard’s van or a con- 
tinuous Westinghouse brake, will be doing the best 
attainable under the then prevailing conditions as 
to state of rails, gradients, number of wheels braked 
and otherwise ; in other words, every brake for at 
least a brief interval of time will be to that extent a 
‘“‘ theoretically perfect” brake. 

5. The retarding forces in operation during any 
100 ft. of the stop will be proportional to the dif- 
ferences of the squares of the velocities at the com- 
mencement and termination of the said 100 ft. 

With the preceding preliminary explanations and 
definitions we may now convert an “ indicator card” 
from Mr. Westinghouse’s instrument into a di 
of the efficiency of the brake, and obtain a value for 
our expression : 


Efficiency of brake== 


We will select as examples the following stops as 
recorded in our last week’s issue : 


Reference Length 
Number. Speed. of Stop. 
miles. ft. 


Westinghouse air brake 6 798 
Smith’s vacuum brake... 9 1195 
The first step is to tabulate the differences of the 
squares of the velocities, 
The second step is to set off to an 
scale the distances on a base line, and 


convenient 
e differences 


of the squares as ordinates, when we obtain a 
diagram representing the varying intensity of the 
retarding forces during each hundred feet of the stop, 
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It is — necessary to observe that with a 
‘‘ theoretically perfect” brake, the retarding forces 

being constant, the diagram is a parallelogram, hence 

the deviation of the actual di from the latter 

9 affords visible evidence of the efficiency of a 
rake, 
































Westinghouse. Smith. 
Aidblaiilh 
g s : g 
3 ; 3 : : 
> a | By > BS 

ft. ft. 

49.75| 0 49.5 0 
49.5 | 100 25 49.25 | 100 25 
475 | 200 | 194 48.75 | 200 49 
435 | 300 | 364 48. 300 72 
40. | 400 | 292 46.75 | 400 | 119 
35. | 500 | 375 44.25 | 500 | 298 
98.5 | 600 | 413 42.25 | 600 | 172 
21. 700 | 371 38.50 | 700 | 303 
0. | 798 | 441 35, 800 | 257 
31. 900 | 264 
49.75°=Total—2475 26. 1000 | 285 
20. 1100 | 276 
0. 1195 | 400 
| 49.5*=Total = 2405 





The ¢hird step is to set off on the base line the 
theoretical “‘length of stop,” and construct the 
theoretical diagram. By the hypothesis made in 
——- (4), we may assume that under the con- 

itions of the experiments the differences of squares, 
had the brake been ‘ theoretically ect,” would 
have had the constant value of Westinghouse’s 
maximum = 413 (we reject the final 441, because the 
form of diagram indicates the probability of a slight 
error in the observation of the velocity immediately 
preceding the stop). The retarding force per 100 ft, 
therefore will be ov to 413, or y ood foot, 
to 4.13, hence the theoretical distance of stop (s) 
with a perfect brake will be : 


v2 
= 37 ft. 


4 











in the Westinghouse trial, and for simplicity we will 
assume it to be the same in the Smith trial, though 
slightly disadvantageous to Westinghouse, as his 
speed was a —_ of a mile higher. Setting 
t ao? on the base esp toaeenagl 9 on @ 

ndicular, we construct the diagram of the per- 
icomanes of'a “theoretically perfect” brake under 
the conditions of the experiment, and are enabled 
to compare with it the actual performance of the 


brake and obtain ah oe or its efficiency. In 


the annexed diagram the figure ¢ m gh applies to 
Smith’s brake ; ed/k to Westi Sancta, undabeet 
The area of each 


the “‘ theoretically =, brake. 
figure is of course the same and proportional to the 


quantity M in our equation—Efficienoy == » whilst 
the value of m is proportional to the shaded portion 
of each diagram, which can be obtained at once from 
the tabulated “differences of squares.” Thus we 
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find the sum of the differences between 0 and 600 in 
Westinghouse to be 1663 and in Smith 665, These 
therefore are the ve values of m, and that of 
M is of course 49.75°=2475 for Westinghouse, and 
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49.57=2405 for Smith, Substituting these values 


in our equation for efficiency we obtain the follow- 
ing sesulis a0 00r analysis of the two stops under 
consideration : 
heoretically perfect’’ brak: aa 
Efficiency of ‘theoreti "brake = 
- Westinghouse sir brake ... = 67.2 
pa Smith’s vacuum se, wo. = 27.6 
The preceding diagram and figures indicate as 


clearly and forcibly as possible the singular prompt- 
ness of the Westinghouse automatic and the rela- 
tive inefficiency of the vacuum brake—and indeed 
this difference is a necessary consequence of the 
construction, and no mere matter of detail. 
Theoretical perfection is the point to be aimed 
at, and railway companies will do well to bear 
this in mind, for the public will be satisfied with 
nothing less than the best brake procurable. A per- 
fect brake—that is to say, one which could be brought 
into full action by a flash of electricity in an inap- 
preciable fraction of a second, upon the first indica- 
tion of danger—would destroy the whole of the 
momentum of atrain in a distance x, varying with the 
state of the railsand otherwise. The Westinghouse 
brake in the trial analysed by us destroyed 67.2 per 
cent. of the entire momentum in the same distance ~, 
and the Vacuum brake 27.6 per cent. In other words 
the automatic brake, though wonderfully quick, is not 
literally as quick as lightning, and, therefore, it 
fell about 32 per cent. short of perfection, The 
vacuum brake, though far in advance of the old 
system of hand brakes, fell noless than 72 per cent, 
m ae of the same standard, or, as it may be other- 
wise stated the vacuum brake must be considerably 
more than doubled in efficiency before it can attain the 
promptness of action belonging to the Westinghouse 
automatic brake as at present constructed. 

We give below in a tabular form the results of an 
analysis of the whole of the stops in the recent trials 
on the North British Railway, and refer our readers 
to last week's issue for detailed particulars of the 
composition of the trains and other matters.* The 
percentage of wheels braked being the same in both 
trains we have assumed that it wouldbe theoretically 
possible to pull up either in the same length of run, 
and have determined that length from the per- 
formance of the Westinghouse brake, as in the 
example already given in full detail. 








Percentage of Efficiency. 

“Theoretically; Westinghouse | Smith’s 

ae my Perfect”’ Automatic acuum 
, Brake- Brake. Brake. 

8. W. per cent. per cent per cent. 
2 3 100 76 34 
5 5 ° 69 42 
6 4 te 52 16 
14 4 0 52 20 
15 6 9” 67 18 
7 6 o 67 34 
9 7 99 66 37 
12 12 a 64 34 
11 10 “6 69 30 
Mean és 65 30 














The retarding force in pounds per ton is at once ob- 
tainable by multiplying the ‘‘ differences of squares” 
by .81, and the result so obtained will include the 
influence of the wheels of the rolling stock ordinaril 
used in this country. Thus, in our first example 
the maximum difference of squares was 413, hence 
413 x .81=335 lb, was the totai retarding force per 
ton. Of this about 15 lb, may be set down to train 
resistances, leaving 320 lb. for the brakes proper, 
and as 85 per cent. of the weight was braked, we 


have sd = 376 lb. per ton, or almost exactly one- 
sixth of the insistent weight as the marimum retarding 
force of the brakes upon the wheels to which they 
were applied, and it is probable this could not have 
been exceeded without skidding. 

In conclusion, we cannot too om nape med enforce 
the truth that the efficiency of a brake depends upon 
the rapidity with which it checks the speed in the 
few seconds immediately following the first intima- 
tion of danger. There are many ways of pulling 
up a train smartly towards the end of the ran—a far 
too common method being that of running it into 
another train. 

* In the two-page table of the performances of the West- 
inghouseand Smith’s brakes which we published last week, we 

two errors in the column headed 98.V. The number 

the brake in running between 
i wer of brakes in 

. A similar error 

entries for the distances 800 ft. 





fet 


¥ | The following may be taken as a very near approxima- 


CLYDE SHIPBUILDING AND MARINE 
ENGINEERING—1876. 

Tue year 1876 was one of much anxiety in connexion 
with the two great industries—shipbuilding and marine 
engineering—which have in the lapse of years come to be 
so intimately and remarkably identified with the river 
Clyde. In many respects there was room for that 
anxiety, but the results of the year’s work have abun- 
dantly shown that the cradle of steam navigation is still 
the head-quarters of the shipbuildingindustry. The past 
year began with about 140 vessels of al] kinds in hand, 
or an aggregate of about 132,000 tons, which was a very 
much smaller amount of work than any one of the five 
years immediately preceding commenced with, while 
the year 1872 began with fully 268,000 tons of shipping 
in hand, and the year preceding, with about 308,000 tons. 
It is satisfactory to know, however, that in oly four in- 
stances has the annual turn-out of work on the Clyde ex- 
ceeded that of the past year. During the few years prior 
to 1875 the work in hand was so great, and the demand 
for its execution was so imperative, that in many in- 
stances premises had to be greatly extended, and large 
quantities of very expensive machinery and other plant 
had to be purchased in order to comply with that demand. 
In this way the amount of capital invested in the build- 
ing of ships, and in constructing the engines required for 
them, as also in the immediately allied trades, came to be 
so enormous as to excite much despondency in certain 
quarters. Muchof the machinery and plant was lying quite 
unemployed for months at a time, and therefore the ex- 
penses and actual outlay of wages were much greater in 
proportion than usual upon the amount of work done 
during the past year. s that had been accustomed 
to turn out in each year 12,000 tons, 20,000 tons, 25,000 
tons, or even upwards of 30,000 tons of shipping, could 
not be expected to remain satisfied with their lot if the 
demand upon their powers of production was reduced to 
one-half, one-third, or even less, as has been the case in 
several instances; still, when it is considered that in all 
the leading branches of industry for which this country 
is famous, there has been a d condition, of a 
greater or less extent, since the highly prosperous period 
of 1871-74, even the s ers and marine engineers 
of the Clyde have not very much ground ef complaint. 
It may be that much of the work turned out during the 
past year] was executed at a pecuniary loss, or that, 
at all events, there have been no actual profits made after 
making due allowance for interest on capital, deprecia- 
tion on plant, &c.; but itis very satisfactory to know 
that the year passed over without anything in the shape 
of a serious commercial collapse taking place, which can 
scarcely be said of any other important district connected 
with the iron and steel trades, either at home or abroad. 
Large and small, there are somewhere about fort 
shipbuilding firms on the Clyde, if we take the whole 
stretch from Rutherglen, one of the eastern suburbs of 
Glasgow, down to the coast of Ayrshire, and amongst 
them they launched rather over 200,000 tons of shipping 
last year—an amount which has only been exceeded in 
four former years, 1872 °73, ’74, ’75, all of which were 
characterised by somewhat extraordinary returns, rang- 
ing from about 224,000 tons in 1872 to about 266,000 tons 
in 1874; but when speaking of the shipbuilding returns 
during that quadrennial period, we should bear in mind 
that it was a. most extraordinary period in many other 
industrial aspects.' For the first time in the history of 
the firm, Messrs. Alexander Stephen and Sons, Linthouse, 
Govan, occupied the highest place in the list as regards 
the amount of finished work turned out, and they even 
launched more shipping than in any former year. They 
only stood eighth in the list as regards the total tonnage 
launched in 1875, when their turn-out of work amounted 
to 11,030 tons, as against 17,490 tons in the past year. 


tion of the total amount of shipping launched on the 
Clyde in the past year by each of the shipbuilding firms 
named : 


tons. 
Messrs. Alexander Stephen andSons_ ... 17,490 
London and Glasgow > perme and 
Engine Company, Limi be .. 14,549 
Messrs. John Elder and Co. ‘ai 13,533 
Messrs. Barclay, Curle, and Co. ... 12,250 
Messrs. Charles Connell and Co. ... 10,960 
Messrs. James and George Thomson 10,900 
Messrs. Dobie and Co. San 28 9,482 
Messrs. Napierand Sons ... oe res | 
Messrs. D. and W. Henderson and Co.... 9,000 
Messrs. R. Duncan and Co. : we” Se 
Messrs. A. and J. lis ... 7,092 
Messrs. M‘ Millan Sons 6,500 
Messrs. Robert Steele and Co. 6,000 


Between 5000 and 6000 tons of shippiny were launched 
by Messrs. J. E. Scott, Caird, and Co., and Birrell, Sten- 
house, and Co.; while each of the following firms turned 
out between 4000 and 5000 tons, namely, Messrs. Lobnitz, 
Coulborn, and Oo., William Denny and Brothers, 
Cunliffe and Dunlop, John Reid and Oo., and Scott 
and Co. 

Including craft of all kinds—iron, wood, and composite, 
and from the tiniest yachts to the gigantic armour-clad 
ships of war—there were constructed on the Clyde last 


there were four war vessels built for the British Govern- 
ment, two of which were armour-clad ram and broadside 
ships, the other two being composite gunboats. The 
following are their names, tonnage, &c. : 











_ Guns.| Tons. | N-HP. Builders. 
Nelson at 4,673 | 1000 | Elder and Co. 
Northampton | 18 4,673 | 1000 | Napier and Sons 
Wild Swan .... 2 1,020 350 pm 
Penguin 2 1,020 350 ” 

11,386 | 2700 

















There were also 16 paddle steamers of a total of 
10,770 tons, as against 14 of 19,000 tons, 10 of 11,400 tons, 
and 13 of 5650 tons, in the years 1873, 1874, and 1875 
respectively. Two of the most notable of the paddle 
steamers built last year were the Kiang Kwang and 
Kiang Yung, each of 2500 tons, and 250 horse power 
nominal. They were built by Messrs. A. and J. Inglis 
for river service in China, and were preceded by six 
others which were built by the same firm and fitted with 
beam engines on the American system. These vessels 
have been eminently successful, and, indeed, they are the 
only vessels built in this country which have been able 
to compete with those sent out to the Yang-tze by the 
American shipbuilders. They are generally of about 
3000 tons gross measurement, and in them the American 
type has been closely followed, with the exception that 
the hull and engine framing are of iron instead of wood. 
Several of the paddle steamers built last year were for 
passenger service on the Clyde and around the coast. 

Since the year 1873, that in which coals were at such 
extraordinary prices, the number of screw steamers built 
on the Clyde has fallen off very considerably. In that 
year the number was 125 of a total of 218,000 tons, as 
against 120 of a total of 178,000 tons in 1874, 113 vessels 
of an aggregate of 107,510 tons in 1875, and 838 vessels 
of 73,840 tons last year. This remarkable falling off is 
sufficient to excite much thought in the minds of 
those persons who like to exercise themselves in con- 
necting cause and effect. Amongst the iron screw 
steamers, apart from the two armour-clad war vessels 
already alluded to, there were very few of any consider- 
able size. The largest was the Nepaul, a Peninsular and 
Oriental liner of 3600 tons and 600 horse power nominal, 
built and engined by Messrs. Stephens and Sons. Two 
screw steamers of 3200 tons each, and named the City of 
London and City cf Edinburgh, were built for Messrs. 
George Smith and Sons’ “ City” Line of Glasgow, Liver- 
pool, and Calcutta traders by Messrs. Connell and Co., 
and each supplied with engines of 450 horse power 


Y/ nominal by Messrs. John and James Thomson, who 


devote themselves to engine work only, while several 
firms confine their attention exclusively to the business 
of shipbuilding. Messrs. Donald Currie and Co., of Leith 
and London, who started a lineof screw steamers between 
London and the Cape three years ago, had another built 
on the Clyde last year. She was the Balmoral Castle, 
2850 tons and 450 horse power, and was built and 
engined by Messrs. Napier and Sons. A new vessel, 
called the Alsatia, of 2800 tons and 380 horse power, was 
added to the “ Anchor” Line last year, the builders and 
engineers being Messrs, D. and W. Henderson and Oo. 
Various other companies added to their fleets one or two 
screw steamers, ranging in size from 2500 tons down to 
1000 tons ; but with the exceptions already mentioned, 
none of the great fleets of ocean steamers received any 
additions, 

Steam dredging plant was built in considerable quantity 
during the past year. Messrs. Elder and Oo. built four 
steam hopper barges each of 400 tons with engines of 
60,horse power for the Bombay Port Trust; Messrs. 
Lobnitz, Coulborn, and Co., built and engined three of 
large size for Suez Canal improvements; several were 
also built and engined by Messrs. Wingate and Co., in- 
cluding two for the River Weaver Navigation Trust; and 
Messrs. Simons and Co. completed three large hopper 
dredgers—one of 350 tons and 80 horse power for the 
English Channel ports; one of 1200 tons and 165 horse 
power, for Port Adelaide, South Australia; and one of 
still larger size and power for the Greenock Harbour 
Trustees, 

Another prominent feature in the past year’s returns is 
the large proportion of towing steamers compared with 
the number of such vessels builton the Olyde in any 
former year. Several tug steamers of great power were 
built on the Clyde last year, and sent to England and 
other parts of the world; and several were likewise 
built for the Clyde, which is a very unusual circum- 
stance, inasmuch as the rule hitherto has been to depend 
exclusively upon the Tyne for such craft. But the Clyde 
towing companies are now finding out the fact that Tyne- 
built tugs, while they have some good qualifications, are 
most voracious consumers of fuel, and are consequently 
very expensive to maintain. Hence they are stimulating 
builders on the Clyde to devote their attention to the con- 
struction of tugs that will be alike powerful, thoroughly 
efficient, and economical in actual service. There is room 
to believe that a step in the right direction has been 
taken upon the Clyde in the construction of tugs to be 








year about 260 vessels, of an he aoe (according to the 
most reliable authority) of 204,770 tons. In that number 


worked by means of screw propellers rather than by 
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paddle-wheels, and in designing economical engines to 
actuate them. The latest effort in that direction is seen 
in the engines patented by Messrs. Rankin and Black- 
more, and fitted into the screw tug Otter, lately built by 
Messrs. Duncan and Co. for a Port-Glasgow firm. Much 
interest is felt in the success of that effort in practical 
work. 

It may now be worth while to notice briefly what is 
being done by marine engineers in the way of improving 
the mechanism by which steamships are driven, with the 
view of effecting, the utmost amount of economy that is 
possible. Messrs. Elder and Co, are doing their best to 
introduce into use their three-cylinder engines in their 
most improved form. Mr. James Weir’s feed-heater is 
doing remarkable things in the way of économising fuel, 
and is getting into very extensive use; and the same 
may be said of Buckley’s patent compensating piston, 
while it is but proper to say that its extensive adoption 
upon the Clyde within the last twelvemonth is largely 
due to the persistence with which the London and Glasgow 
Shipbuilding and Engineering Company and Messrs. Lees, 
Anderson, and Co. have employed it in the marine engines 
built by them. It is undoubtedly a most efficient and 
economical aid in marine engine practice. 

In respect of iron sailing vessels the amount of work 
done last year comes to be of considerable interest when 
studied in conjunction with the returns for a few years 
preceding 1876. While in the year 1870 there were 
launched 40 iron sailing vessels of a total of 30,030 tons, 
there were launched in the following year only nine such 
vessels and only about one-third of that amount of 
tonnage. On the other hand there was a slightly 
sensible increase in the year 1872, a still greater increase 
in 1878, which was again followed by an enormous in- 
crease in the years 1874 and 1875, from 12 vessels of 
19,000 tons to 53 vessels of 68,500 tons, and 90 vessels of 
102,136 tons respectively. During the year just closed, 
however, there was no very material change in respect of 
the iron sailing vessels launched, and such change as did 
arise was one indicating a falling off in this kind of work. 
There were 97 such vessels launched of a total of 
96,810 tons, or rather more than 5000 tons over the 
amount of iron sailing tonnage launched in the year 
immediately preceding. These returns also show a 
falling off in the average size of such vessels, which was 
nearly 999 tons, as against 1133 tons in 1875, 1292 tons 
in 1874, 1583 tons in 1873, 1136 tons in 1872, and 
1146 tons in 1871. 

The iron sailing vessels of large size launched last 
year were certainly pretty numerous, and many of them 
were built for trade with the Australian and other 
colonies. It was not at all uncommon for vessels of this 
kind to be built last year up to 1200 tons, 1500 tons, or 
even 1700 tons; still, it should be mentioned that in 
some former years iron sailing vessels of very much 
larger tonnage were built on the Clyde, even up to 
2100 and 2300 tons builder’s measurement. 

Probably the most novel feature in connexion with the 
art of building ships that has come under notice on the 
Clyde during the last year or so, is that of employing 
four masts upon large sailing vessels instead of three, as 
a means towards lessening the risk of dismasting at sea, 
as also for convenience of working such ships. This im- 
provement was first introduced by Messrs. Barclay, Curle, 
and Co., into the County of Peebles, a large sailing ship 
which they built for a Glasgow firm in the year 1875. 
For the same firm they have since built two duplicates of 
that vessel. The system referred to bids fair to become 
popular upon the Clyde. In order to lessen the difficulty 
of setting up ships’ rigging at sea, the same well-known 
shipbuilders have, within the last year or so, dispensed 
with dead-eyes and lanyards, and they now adopt double 
screws for that purpose. 

In another article we propose to give some details to 
show that the prospects of the Clyde shipbuilding trade 
are much better now than they were at this time twelve- 
month. 








OUR IRON INDUSTRIES. 


By the publication of Hunt’s “ Mineral Statistics” we hav® 
official information as to the condition of our iron industrie® 
during a period in which they have had to undergo a 
most intense depression. And it cannot but be interesting 
to trace the degree in which that depression has been felt 
by the various iron-producing districts, and to notice 
the continuance of a change which has long been going 
on. Taking the two last years for which these statistics 
are available, it may be found that in the extent of the 
iron ore industry there has been an increase in the 
last year, for the United Kingdom produced a million 
tons more iron ore in that than in the year previous, and 
it is noticeable that this increase from 14,800,000 tons to 
15,800,000 tons was chiefly traceable to the increased eut- 
put of the newer districts. In 1874, the counties of 
Cornwall, Devon, Somerset, and Gloucester produced 
some 280,000 tons of iron ore, but in 1875 the amount 
fell off 100,000 tons, and others of the counties where 
iron is not so plentiful also showed smaller returns ; 
Staffordshire increased its output by the larger quan- 
tity raised in the south of the county ; and Lancashire 
and Cumberland showed a decrease, as also did South 
Wales and Montmouthshire, but Scotland increased its 








output by 300,000 tons, and Yorkshire adde nearly half 
a million tons to the quantity it raised, the increase being 
both in the older district of the West Riding, and in the 
newer and larger one of Cleveland. 

Without dwelling on the details of the ironstone mining 
industry, we may glance next at the smelting of the ore 
thus raised. In 1874 we had 649 blast furnaces at work 
—430 in England, 96 in Wales, and 123 in Scotland. 
the following year there were only 629—the loss being 
distributed in the three great districts. But in the first 
of these years, there was made 5,991,408 tons of pig iron, 
and in the second 6,365,462 tons, so that it is evident 
that the furnaces had been more productive. The in- 
crease of make was more than accomplished in the districts 
where iron could be most cheaply produced. For in- 
stance, in nearly every one of the southern counties, the 
production of iron was less, Cumberland and Northumber- 
land also produced less; but Yorkshire, Durham, and 
Lancashire increased their output. Wales showed a de- 
crease, due chiefly the lessened production of Gla- 
morgan and Monmouthshire; whilst in Scotland there 
was an increase diffused generally throughout its contri- 
butory districts. It is thus evident that in this branch of 
our iron industries also, the depression’ in trade, greatly 
as it has been felt in the North, has not there produced 
the effect that it has in other districts, for instead of the 
output of the blast furnaces being lessened it has been 
increased, and the districts which have in nearer 
proximity. the essentials for iron manufacture, of iron- 
stone, coal, and lime, have partaken to the full of their 
natural advantages. The figures also suggestively 
show that the growth of the Cleveland district is 
continuous. Little more than a score of years ago, the 
only part the North of England hadin the production of 
pig iron was in the small contribution of a few furnaces 
in the Northumbrian and North Durham districts; but 
since the utilisation of the boundless stores of ironstone in 
Cleveland, the production of the northern district has gone 
on increasing, until its contribution of over two million 
tons of pig iron forms close upon one-half of the whole of 
that of England, and’is nearly double that of the older and 
rich district of Scotland. It is needless here to glance at 
the result of that development of the mining industry 
either on the district or on the allied industries of coal 
mining and limestone quarrying. 

Following the order of manufacture we may next con- 
trast the summaries of mills and forges at work in the 
two years, although it must be added that this portion of 
the returns is open to the objection that the mere 
number of rolling mills at work, stated regardless of size, 
is, to a certain extent, deceptive. Probably the best 
means of comparison will be in the contrast of the 
number of puddling furnaces at work in the two years. 
In Scotland there is a decrease of five furnaces employed ; 
South Wales records some two hundred more at work in 
the last of the two years ; and North Wales is stationary. 
In England, Gloucestershire continued its three furnaces 
at work, Somersetshire its ten, Shropshire had a decline 
of two, Cumberland added nineteen, Derbyshire increased 
by a hundred, Lancashire shows a reduction, Stafford- 
shire has an increase, but one comparatively small, on its 
two thousand, and Northumberland and Durham are 
stated to have increased the numbers of operative fur- 
naces from 964 to 1395. In Yorkshire, the district of 
Clevelazd shows an increase of sixty, the Leeds district 
one of ninety, and the Sheffield and Rotherham district 
one from 349 to 406. The totals for the kingdom for the 
years are for 1874, 6803 puddling furnaces, and for 1875, 
7575 puddling furnaces at work; but it should be added 
that these include works and furnaces in all cases, 
apparently, which were at work in any portion of the 
year. 

The list of “‘ works having Bessemer converters in 
Great Britain” in the two years shows little addition in 
numbers, twenty-one such works being included in the 
first year, and twenty-two in the second year, and the 
number of converters and their capacity is as little 
changed. The number employed is not stated; had it 
been so it would probably have been found that the pro- 
portion unemployed was so small as to contrast most 
favourably with theiron works just previously enumerated, 
in which, as is well known, there is a very large proportion 
which during a large part of 1875 and 1876 have been 
idle, 








Roya Instrrution.—The evening meetings of ‘the 
eee Institution commence on Friday, January 19, at 
eight o’clock. Professor Tyndall will at nine o’clock dis- 
course on ‘‘ A Combat with an Infective Atmosphere.” 





Tue New Tower Briper.—The last day for opposing 
the Parliamentary Bill expired on the 9th inst., and no 


—— has been lod, inst it. A sum of over 
10,0007. has been dul ited with the Court of Chancery 
in compliance with the ing Orders of both Houses of 
Parliament. The , Messrs. Le Fevre and Co., 
estimate the cost of the new bri at 250,000. The Me- 
—— er of Works as ited plans for the 4 
proaches on Bermondsey side, widening Ber- 
mondsey-street, and from Tooley-street . The 
engineers of the bridge are in communication with the 

of the Board of Trade, the War Department, the 


City, and the Metropolitan of Works, with a view to meet- 
ing all the requirements. 


Sir 
In five modifications of it 
t 








THE DEFECTS. OF CERTAIN SINGLE- 
ACTING ENGINES A REMEDY.* 
By JexemrAn Heap, Middlesbrough. 


(Concluded from 18. 
1 mhwa now Cabeoreered to Gateclin ta Waadline Sebdlinve 
of Si ’s hydraulic engine, and of the 
appeared up to the year 1875. 
1 year which I need enter 
into here, compelled me to study this question somewhat 
closely. Some of Mr. Brotherhood’s triple engines with 
ied to the writer’s firm to 


reversing gear attached were su 
rtain i required that the engine 


Should « tart readily at cay’ 1 

should s ily at any part of a revolution a 
certain degree of resistance. It will be quite evident that 
there are many yee where small, compact, quick run- 
ning engines —. with great advantage used, provided 
they would start with certainty at any part of the revolu- 
pape me —— or one — ounuge vig the es 
is upon chains, and many others will sugges 
themselves to you. In the case I refer to the engines would 
not start when once stopped, without assistance. On taki 
out the valves, it was found that the steam was cut off ai 
about three-fourths of the stroke, and when a piston had 
arrived at this point, and had lost its steam, the next one 
in succession was not sufficiently over the centre to have an 
appreciable rotative effect. The first idea which naturally 
occurred to get over the difficulty, was to alter the valve 
so as to carry the steam on to the extreme end of the stroke, 
although sacrificing thereby all benefit from expansion. It 
was found however that this was impossible to do, because 
in that case the valve in reversing must have been shifted 
round with respect to the crank through a much greater 
arc thanthe reversing gear would admit of. In fact the 
reversing gear was oa capable of moving it —— the 
arc represented by Fig. 53 (see page 37), and to work with- 
out expansion it must have made movable through the 
arc represented by Fig. 51 at each reversing. 

It occurred to the writer that the best way to get over 
the difficulty was simply to substitute four % ers for 
three, and he altered vodowe aT pavesding’y. he experi- 
ment proved quite su . At that time he did not 
know of Hicks’s engine or it would have materially assisted 


a, ee 36. LP ee hy 
* The 1) Single-Acting Engines and a 
Remedy.” It will now be apparent that the sing] i 


engines referred to are those having three cylinders actua‘' 


by steam pressure, and the remedy proposed is the adoption 
of some such type as that shown in Figs. 14 to 24 (see 
36). This is, in fact, simply a modification of Brotherhood’s 


three-cylinder steam , by making four cylinders in- 
stead of three, and by f ing the _—_ cate the con- 
necting in such a way as to give them the same base, 
and '¢ to admit of the increased number upon a single 
crank pin. Fig. 15 shows a ernor operating upon a 
throttle valve. This is Brotherhood’s arrangement except 
as to one or two minor differences of detail. Fig. 22shows 
a similar governor but with a longer range attached to the 
ordinary reversing valve. This would act as a variable 
expansion arrangement. A further modification in detail 
of Brotherhood’s engine is shown on Figs. 14 and 24. The 
—_— are made square, and jointed on cere 
nges at the end of the central chamber. When the 
cavities between the cyli are with a non-conduct- 
ing substance, | ape are charcoal, and covered over 
with plates, the whole presents the a “tage of a sort of 
octagonal prism, and in this form : e whole might very 
ny be called the ‘‘ octagon —, 
us now inquire how this engine differs from the triple 
cylinder engine in construction and in behaviour. First as 
to construction : It would be scarcely any dearer, if at all, 
for in boring the cylinders and in facing their ends there 
would onl two se instead of three. It is true 
there w be an extra piston, connecting rod, and cover, 
and a little extra expense in ing the 80 as to 
surround the cylinder with a non uctor, but this would 
not amount to very much and, might be omitted where 
economy of steam was not cared for. The compactness in 
proportion to power would be greater, for the total syncs 
occupied would only be the same, and the engine would be 
— a res xiline to a at first 
sight a) carry wi em any ma- 
Bx Tee recente ickeclns: chiastaiiamh 
ut us compare a a 
quadruple engine as regards the i conaliveninnie, 
viz., 1. Total power exerted at different of expan- 
sion. 2, Equability of rotative force at different 
of expansion. 3. Power to start without assistance at 
different degrees of expansion and where the resistance to 
starting is at a minimum ; and 4. The same where the resis- 
Has 2 06 ON: ; baot whieh 
are a series of diagrams, by aid of which I hope 
to make all these points quite clear. Fp. 25, page 36, shows 
the skeleton of one of Brotherhood’s triple engines. 5 
isa similar view of a quadruple anne 
former. The diameter of the cylinder, and the length of 
job stroke, are the same in both cases. One cylinder, viz., 


sixteen parts, lines being 
successive positions of the piston. 
The positions of the crank-pin at 
the revolution thereof; are also 
cylinders h: them the 
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centre line of the cylinder at that particular position. If, 
fherefore, the diameter of the cylinder be en to repre- 
sent a unit of , and the of the crank a unit 
of leverage, then im canes where is no expansion we 
i a representing the variation of rotative 

the stroke, by taking a straight line 
olution for a base, erecting upon it ordi- 
positions of the crank- 

of a length corresponding to the 






































leverage of the crank at each position. A line drawn 
through the ends of these ordinates would with the base 
enclose a space representing the total power exerted during 
the stroke or semi-revolution, and the variation in rotative 


then the length of the ordinates must be made propor- 


ye steam rding 

pressure 0} » acco 
modified at each stage, by ion inthe particular degree 
selected. The alterations which would haye to be made in 
the rotative di 
shown in 
So far we have considered the rotativs force of a single 
cylinder during one stroke. It now becomes necessary to 
consider the combined rotative force of all the cylinders of 
the engine. For this purpose, instead of making the base 
line > a serai-revolution of the crank, we must pro- 

long it until it is equal toa com fevolution. The 
line of the diagram Fig. 27 isof this length, and upon the 
half th let i een 3 to 

But a i 

‘ore, we must place 


uct of the leverage of the crank, and the 
ing as the latter may be 


at various degree: of expansion are 





linders are uniting their efforts to rotate the crank-pin. 
But we shall obtain figure which will more clearly repre- 
sent the compound rotative force, if when a cylinder begins 
to assist its » we simply out the ordi- 
nates of the first one in proportion to given 
by the second. We then get an additional area coloured 
ing be Bs , and which is exactly equal in each case 

that tinted dark blue situated below it. In this way I 
have obtained the first two columns of diagrams appearing 
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upon page 37, which will enable us to com with the 
test ease the total power, and the equality of rotative 
out ; , ; 


parallel conditions. The u figure in each row is what 
would be produced where steam was continued to the 
recall: oaks Gavaeapayel Aetiee kmesvans 
engine gives a eq ve force, 
this is probably one reason why t cylinders were adopted 
by Armstrong and others for hydraulic purposes. he 
question of éxpansion did not arise in their case. The four- 
cylinder engine without expansion gives of course one- 
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fourth more power, butitis not quite so equable asthe three- 
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cylinder engine. The second figure in each case shows a 
cut-off at {, the third figure at }, the fourth at 4, the fifth at 
4 stroke, and the sixth at} stroke. By comparing Fig. 31 
with Fig. 33 it will be seen that a four-cylinder engine 
cutting off at 4 stroke is equally equable in its action, and 
gives rather more total power than a three-cylinder engine 
wipot thele tee: col f diagram nly th 
at these two columns of di s represent only the 
action of the engine when continuously going, because they 
take into account the work done by the steam during ex- 
ren But when an engine is e reversing and applied 
cases like the one previously referred to, and where it is 
essential that it should start with certainty at any part of 
a revolution whenever the steam might happen to be 
turned on, it is clear that it might happen to be stopped at 
a part of the revolution shane the steam had just been cut 


in 
inn | til the crank had passed 
operate upon any piston unti 
next centre. It would seem, therefore, that two’other sets 
of diagrams are if we want to compare three and 
four cylinder engines as to their power to start at any part 
of a revolution. These two columns of diagrams are also 
: ine them. Figs. 39 
33 in the 
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or full crank. With a cut-off at %, the i 

the four-cylinder = - is 70 per aa not fi —- 
+ of the three-cylinder engine without expansion. Wi 

thet oft at #4, it is rather more than that of the three- 


power of 
short of | to wear, instead of 


fot the stroke the three-cylinder engines will not start at ns wit 


all, and at an earlier cut-off than % the four-cylinder he effects produced are, a ie senaing or. veering ti 
time ; and, secondly, to produce the i 


engines will not start at all 


+ thus appears that four cylinders are preferable to three 


go ye in a ou space is needed, pr Be upon the pedestals. 


within the same cubic | some that in 


because more power can be 


ca ity (compare Figs. 27 and 33). 


economy is desired with equable motion ; for 
onting = at half stroke produces more power, and as much 
equability in the one case as cutting off at full stroke or no 36, 
ex ion at all in the other case (compare Figs. 31 and 33). | the cylinder A at the end of its inward stroke will satisfy | engine, viz., to work the screws 


Where starting power against a minimum resistance 
is required, for this desideratum is equally attained by the 
quadruple engine with a greater expansion in the propor- 


away of the main and 





UNIFORMITY DIAGRAMS ENGINE RUNNING 



























































aes ot the connecting rods 


absorbed by inelastic bearings, where it tends to heat and 
being received by an elastic cushion 
which repays what it receives from one stroke to the 
following one. The difference is analogous to the use of 
linder cutting off at {, whereas at an earlier cut-off than | railway without springs, as compared to railway 


you that the direction of the momenta of its reciproca 
is scarcely at all opposite to that of the direction 0: 
of its neighbours, and it does 


engines, each cylinder as it | u 
takes possession of the crank pin neutralises or diverts into The 
rotary motion the momentum of the reciprocating parts 


e og 
a eee at Fig. 25, 36, dotted lines which show 





ts) ising their man on & CO scale. 
Rigs 156, Oe eee uadraple 
a is 
at t constructed for a f train a‘ bey ll pe 
Sila, Ghewe this satitle haves raised and lowered 
5 in. every two minutes. It will be observed that the 


mill, 
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STARTING DIAGRAMS ENGINE STANDING 















































































































































































































































Fig. 27. Fig. 33: Fig. 39. Fiqa.45 
ENGINE. ” 4 FOUR CYLINDER ENGINE. THREE CYLINDER ENGINE 
(ee eee THREE CYLINDER ENGINE. 
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tion of a cut-off at #4 to one at § of the stroke (compare 


we < 42 and 46). 


Where starting power against the full average load is 

| obtained with a cut-off at {, avd in | sideways upon it. 

Now in the case of the four-cylinder engine there is 

always one cylinder opposite to another, and the period of 

5. Where total power and capacity to start against a | compression in each cylinder comes on just when its own 

maximum load is required and economy not essential. For See a ae those of its 
is one-third | quire to have their momenta cushioned. I think that these i 

circumstances very considerably to | What 

i my attention to what in my opinion did not. If the 


the one case nearly as well as without expansion at all in 


the other case (compare Figs. 40 and 45). 


with no ion in either case the 


more, and the starting power as 100 to or favour of the 


engine (compare Figs. 39 and 





body moving in a 


not need much proficiency in mechanics to know that a 
i certain direction can never be brought 
to rest, as regards that direction, by forces acting only 


ite neighbour re- I 


other 





wheels are made with teeth of such a length that they can 
travel vertically through the necessary range without getti 
out of with the worms. The worms and worm whee 


. The engine is worked by the roller as he stands 

in front of the rolls. 
have now only to say in conclusion that I do not 

claim much ori inality myself in i 


regard to these 
its purpose well, I have let alone, confining 


q 
But Tee et to enumerate other advantages which | worked at high speeds as compared with three-cylinder | has been the production of an engine useful for general appli- 


sphere to which engines of the class 


four cylind ve over three. If there is a particular “he 
distri 


under consideration 
are especially applicable, it clearly is where high speeds are 
aimed at in order to concentrate a power ot pen 

soon 


. 51 to 54 show the arc ft 
iting valve has to be 1 ; 
crank in order to reverse the motion of the engine. 
It will be easily understood that with a rotary valve 


h which the steam | well 


cation, that result has been accidental. As most of you 
know I am not a manufacturer of small i 


relatively to the | nor am gs! to become one. I found myself ina aif 


myself out as best I could. 
intel tne to contribute a paper on some subject 


even small engines back into repairing shops, | worked by the crank, the longer the period of admission de- | to fill up the programme of the present session, and 
unless the ay | es sired Se wee must be made the steam opening in the | therefore I have ht this little bit of e ience pre- 
In the course of the paper I had the honour to read before | valve. Supposing the crank is on the centre as regards | pared some time since before you in the belief that it might 
you last session, I entered at considerable length into the | the cylinder D, and the engine about to start, say from left | stir up a discussion upon a sul which, at the present 
Re ee ee ees ae. to right, the position of the valve would be as shown in | moment, is one of great i to mechanical engineers in 
and which do not seem to be so well wen | Fig. 16. If it were desired to reverse the engine 0 | all countries. 
as to make the crank start from right to left, it is clear 


should be ; at all events they are often neglected. I poin 
Salenel tip soveie- that the valve must be shifted round so that the edge of the | fulness the 
i valve would come to the edge b of the port. Inother words, | To Messrs, Westmacott, Ramsbottom, Tangye 


out that revolving weights can only be 


ing counterweights ; and that there is no way of preventing 


- It now remains for me to acknowledge with thank- 
mg Fe e received from 


I hav various a. 


eventually arising from the momentum of the | the arc h which the valve is shifted in » | Brotherhood, and h, I am indebted for information 
ages ad loved, "s sal tho will of | sro tins sore : 





some | come also simpler in thei 





done 
the cylinders | through the more the 
open. Consequently the momenta in the direction gear, or the more di to move. Hence we find that 
Sorte ef ance eea bain, that io, of the pistons, and cylinders by being capable of more expansive working, be- 
equal and opposite force. The momenta must be very I trust I have now made it clear to you that there is no 
1 small difference in the practical advan’ 
engines as compared with three. So 
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THE ARSENAL OF POLA. 

Wuen it became apparent to the Austrian Government 
that sooner or later it must of necessity abandon Venice, it 
made choice of Pola, a village of 1200 inhabitants in 1848, 
and to-day a town of 22,000°, as a favourable site for the 
establishment of a new arsenal to replace that of Venice, 
which was passing out of Austrian control. The establish- 
ment of Pola presents, therefore, this peculiarity, that it 
has been carried out upon acomplete and systematic plan, 
instead of having grown up with the requirements of the 
advancing time, in which an old system has been but 
imperfectly transformed into a new. Another peculiarity 
is that it consists essentially of a military colony, in 
which everything had to be created. 

Pola is situated at the head of the Gulf of Pola, and is 
protected by the numerous works, placed not only around 
the harbour, but upon the numerous islands which com- 
mand the ch It appears thoroughly well sheltered 
from attack or bombardment, but would be hardly able 
to resist a prolonged blockade, as the inland communi- 
cations are very imperfect, and the projected railways 
are unfinished, All stores are brought to the place by 
water. 

The arsenal consists of two parts, one on the shore, 
where in three parallel lines are ranged all the workshops 
and stores, the other on a small island, upon which are 
the slips, sawmills—three in number—and repairing 
docks. Only one dock is finished ; it is 413 ft. 4 in. long, 
82 ft. 8 in. wide at the top, and only 41 ft. 4 in. at the 
invert, with a draught of water of 28 ft. 6 in. The second 
basin being constructed parallel to the first, will have 
the same dimensions, but the depth of water will be 31 ft. 
lin. The arrangements for repairing vessels consist of 
a floating dock with an area for four ships; the hydraulic 
presses for working this are movable and placed ona 
turning platform. The whole of the Austrian fleet, except 
afew small vessels, lies in reserve or disarmed at Pola. 
The workshops placed on shore are constructed with but 
little architectural effect, but with considerable attention 
to details. The fitting shop, a large building with two 
travelling carriages, is divided into two parts ; about one- 
third of the length is occupied by the heavy tools, served 
by a 20-ton travelling crane; the rest of the building is 
occupied by the smaller tools with a 6-ton crane, while 
above fora part of the length isa platform for hand tools. 
The workshop is well lighted, arranged and furnished 
with excellent machines. In the smiths’ shops are a 
number of small American steam hammers, In the sail- 
making department, sewing machines have been aban- 
doned, and a large number of women are employed for 
this purpose. There is no rope factory here, as all hemp 
and wire cordage is sent from Vienna. The system of 
tramroads in the arsenal is complete; one main line runs 
parallel with the quay, and is furnished at intervals with 
turntables in connexion with lines at right angles, which 
serve the various shops and stores. There is also an 
excellent water service, The number of workmen em- 
ployed is 1500. The stores and their arrangements 
require special mention. There are three classes. 1. The 
general depOt containing stores required for consumption 
on board, and for new armaments, or for replacing worn- 
out matériel. 2. Special stores, divided into sections and 
placed near the shops, containing only materials required 
therein. 3. Magazines containing all the stores necessary 
for the ships in reserve or out of commission. 

This dep6t is a building of three stories, and forms three 
sides of a square, and lifts are placed at the two angles 
and the two extremities of the building. It should be 
observed that this building is somewhat remote from the 
quay ; and for this reason a new building of one story is 
being built for the stores of twelve armour-clad frigates. 
This establishment comprises an annexe for disembarking 
stores, extremely wellarranged. The stores are conveyed 





to the building by a canal, entering 45 ft. into the build- | *ime- 


ing, and they are then hoisted by a crane placed in the 
upper part of the building, and placed in trucks which 
convey them to the stores. 

The police service of the arsenal consists of 150 gen- 
darmes; the garrison is not employed for this purpose, 
excepting that sentries are placed at the bureau of the 
admiral in command, The hospital has accommodation 
for 600 men and 60 women or children. Placed entirely 
under the control of the surgeon-in-chief, who controls 
not only the medical service but also the police and 
general administration, a detail much praised by Austrian 
officers, it is arranged upon the model of a caserne with a 
corridor running around a building with three wings. It 
is situated at the highest part of the town, and enjoys 
exceptional advantages from a wees point of view, no 
epidemic having ever been known 

The Arsenal of Pola is a true military colony, and is 
quite independent and apart from the town beside it, and 
if the former has to a certain extent to depend upon the 
latter, it seeks to show that it cam create and maintain 
advantages greater than are offered by the municipal 
authorities. There are found at Pola asylums established 
and maintained at the cost of the officers, schools belong- 
ing to the naval service for the children of officers, em- 
ployés, &c. The necessity of creating an entirely new 
town has led to the construction of a large number of 


houses for the accommodation of officers and men. The 
former are all in three stories and contain six suites of 
apartments, varying according to the rank of the officer 
for whom they are destined; the captain of a frigate for 
example occupies one complete floor, the ca yy org of a 
corvette five chambers with kitchen, &e. igs e apart- 
ments are convenient and well arranged. 








THE MINERAL WEALTH OF JAPAN. * 
By Henry S. Munzoz, E.M. 

THE yy Ccagpee nt we have of Pas 754 represent the 
country as ly of 
precious and pee aah Marco Polo, the Venetian 
traveller, in the thirteenth century writes ¢ < Peas 22: 

** They have gold i in greatest abundance, i 
inexhaustible. The king does not allow of its s bing expo 

To this circumstance we are to attribute the 

richness of ing of eo palace. The entire roof is cov 
with a plating of gol The ceilings of the halls are 
of the same precious metal ; “many of the apartments have 
tables of pure gold of considerable thickness, and the win- 
dows also have golden ornaments.’ Marco Polo also gives 
an account of an unsuccessful Tartar  - 
Japan, prompted by the supposed great wealth 
country. 

Columbus, as well as many other explorers, were attracted 
and encouraged by the prevalent reports of the wealth of 
the same islands of Zipangu. 

Kaempfer, writing in 1727, also speaks of the - 
mineral wealth of Japan, and ‘especially of the abun 
of gold, which, he says, is found in many 7 oes. 

he Portuguese and Dutch, while oa ad trading posts 
in Japan, furnished tangible evidence of the trath of the an 
reports. Between 1550 and 1639, the Portuguese merchants 
sent home from Japan nee three hun million dollars’ 
worth of bullion, most of ich was gold. As the relative 
value of equal weights of gold and silver was then six to one, 
while in Europe, at the same time, it was nearly twelve to 
one, the exchange of silver bullion for gold was by no means 
an unimportant part of their business. After the Portuguese, 
the Dutch continued the exportation of bullion, and the 
exchange of silver for gold, though with less profit, as the 
relative value of gold increased with thedemand. Between 
1649 and 1671 the Dutch traders sent home over two 
hundred million dollars in bullion,‘of which, however, nearly 
two-thirds were silver. 

In 1671 the Japanese Government, alarmed at the rapid 
rate at which the precious metals were leaving the country, 
issued an edict forbidding the exportation of gold or silver, 


inst 
the 


under heavy penalties, which had the immediate effect of | be 


stopping this trade. 
Bosid es bullion, copper formed at this time a most im- 
rtant article of export. According to Dr. Geerts, who 
29 examined the old books of the Datch factory in Na- 
gasaki, between 1609and 1858 about 280,000 tons (of 2000 a 
were exported by the Dutch, and during the same peri 
over 250,000 tons by Chinese ‘merchants. 

According to Japanese historians, the arts of mining and 
metallurgy were introduced from China, DY gpa through 
Corea, towards the close of the sevent omeny The 
following dates are given on the authority of Dr. Geerts, 
but some at least are open to doubt : 

667 A.D.—Silver first discovered in Ja; 

674 A.D.—Silver smelting works establi hed. 
684 A-D.—Copper first discovered in Japan. 
706 A.D.—C r coins first made. 

749 A.D.—Go ID first discovered in Japan. 

Long before this time, however, the arts of mining and 
metallurgy must have reached a high state of development ; 
for copper swords and spear-heads, h copeer $ tools of various 
kinds, and specimens of a very of copper bell, 
are frequently found buried intheearth. If the statements 
of f mma antiquarians concerning these articles be 
oe belog rang h be seqeeaes as very 9 
possibly a pre-historic age of copper, cer- 
tainly antedatin = tis years 


ven above centuries, 
I have a nay plledatin 0 taca con ree bell of this Lina 
which I hope to exhibit to the Institute at some future 


But to return to historic times. Until the advent of 
foreigners the processes in use were sous, Poe the 
production of metals very small. The his' 


metallurgy really dates from about the year iat A.D., 
when copper was first smelted on a scale. The pro- 
duction of gold, proenly ts from easily wo' lacer deposits, 
reached its maximum earlier, during the Ia' half of the 
sixteenth century; while silver, req i ter metal- 
lar iy about the 


ical skill, was produced in nae quantit; 
mi dle of the seven th century. 
Owing to various causes, which will be fully discussed 
hereafter, the production of precious metals has gradually 
fallen off, so that the present annual yield is comparatively 
small. The amount of copper now produced is about the 
same as the average of former years, showing little increase 
or decrease. 
Kaempfer, in 1727, enumerates, in addition to gold, 
See, and at one the following as the mineral products of 
: hur, iron, tin, coal, salt, agates, jasper, 
pe ay his list, with few additions, i is nearly the 
acne as we would give "to-day. With respect to the pro- 
duction or ee of these minerals in former times, 
we have no 


have 
ugh making a very 
of wealth, does. not warrant the 
extraordi 
ve suppose t os 


* steditable showing 
"prevalent belief in the 
unless 


t more 





* Although the creation of an arsenal at Pola was de- 
— o in 1848, andno works were undertaken until 








* A paper me the American Institute of i 
Engineers, reprinted from the New York str elS 
Mining Journal, 


ble information, but the amounts produced | coal, 





which prevent them i datelaging the great resources of 
the country to their profit. 

The Japanese, however, are very close observers of nature, 
and make P rs, and in the centuries since 
their attention was first turned to mineral deposits, they 
have left little or no unexplored; while in om min- 
| ing districts every hill is riddled with tunnels and adi 

+ seems probable that the gold, silver, and a of 
“previous years have been from a large number 
of poor deposits, worked by very cheap labour ; and most of 
these old mines cannot now be worked, owing to the in- 
creasing value of labour, and to r. real and practical 
exhaustion of most of fen: en mproved mets of 
mining are much ed, undoubtedly, if 
successfully introduoed. ia increase - the product of the 
mines 

Within the last few years the Japanese Government has 
done much to encourage industry, and to determine 
the real value of the oe deposits of the country. 
Foreign engineers and scientific men have been permitted 
to travel through the country, even when all others were 
excluded. The island of Yesso has been made the subject 
of several geological surveys and reconnoisances. Foreign 
mining engineers have been employed by the Government 
and by private enterprise to examine and report upon mines 
and mineral lands in other parts of the country. The 
Government has also established a ‘‘ Mining Office ’’ under 
the direction of competent foreign engineers, having charge 
of the Government mines, many of which are now worked 
by the most approved foreign methods, with foreign 
machinery, and under the control of resident foreign 

ineers. 

uch, however, remains to be done. The great want of 

the country is for a thorough and systematic geological 
survey, in the broadest sense of that term ; a survey which 
shall not only map out the topographical and logical 
features of the country, determine the age and thickness of 
its formation, but also take an inventory as it were of its 
mineral wealth, determine the boundaries of its mining 
districts, and the extent and value of the deposits of each ; 
determine where further exploration shoudl or should not 
jc a oy and collect into one repository the information 
: ay | een ee — ee. . ok ‘hes 

n ° propose to show what been 
learned with ood mf the real mineral wealth of the 
country, and how much has been done towards a thorough 
and ——— development of the country’s resources. 
For this purpose I shall supplement my own notes, the 
result of overthree years’ ’ uagllienes and travel in the country, 
with a free use of much that has been published on the 
subject, and of unpublished data and statistics furnished by 
friends, and derived from Japanese sources. 

Geology of Japan.—As an introduction to an account of 
the mineral wealth of Japan, it well be necessary to give 
some idea of the geologi formation of the country. Re- 
serving for another time and place a more elaborate 
description of the different rock formations, with their 

characteristic fossils, geographical distribution, and strati- 
graphical relations, I will attempt at present only a brief 
Sanh of the subject. 

The different strata of the Japanese islands may be 

classed as follows, begining with the most recent : 






Formation. Approx. ~~ 
1. Alluvium and Terrace Formations te to 85 
2. Volcanic. rocks, im veins an 
masses (mostly basalts) 50 to 500 
3. Clay rocks and — tufas (Toshibets 
Group of the 8 }-+> 2000 to 2300 
Shales and sandstone ( skombe 
Group of the Yesso Survey ... 000 to 1800 
5. Volcanic rock, in erupted masses (Ande- 
sites and Trachytes) oe (?) 
6. Coal-bearing shales and sandstones 
ui Group of the Yesso ) 4500 to 8000 
7. Voleanic — and erupted masses 
volcanic rock. Porcelain clay rocks 
of Kiusiu, &c. 4000 (?) 
8. Shales and sandstones (often, meta- 
9. Guantlto ed hic rocks 
‘anitic metamorp (Ka- 
moikotan Group of the Yesso Survey) 3000 to 4000 
The rocks of Japan, as ‘will be noticed, are very largely 
volcanic ; and even those of undoubted sedimentary o origin 
are, with few e: , made up wholly - = in part of yol- 
canic material. oleanic force makes itself here 
mepeh in folded and ey ers om 
roc often tilted at high angles. Volcanic on 
shoe toll also in and hic 
formations being re; ted in man 


or 
Voleaniclforce prod aap to show itself even at the present 
day. Volcanoes, active and extinct, are numerous, and hot 
Spot of tay eect. ‘while earthquakes are 
of daily occurrence 
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are represented by these Japanese strata. The coal-bearing 
rocks are now believed to be of tertiary age. Tio cveriuing 
rocks are still more recent, many of the fossil shells foun 

therein being of the same species as those now living in 
Japanese waters. With regard to the age of the underlying 
strata, below the coal rocks, little or nothing is definitely 
known Fossils said to be of Carboniferous age, and others 


said to be Devonian, have been reported ; but, so far as I all 


know, descriptions or figures of these fossils have not yet 
been published. , 

It is to be hoped that the fossils which were collected in 
the course of the Yesso Survey, with others since obtained 
in different parts of Japan, when examined by some 
competent ntologist, may furnish more definite in- 
formation as to the age of these strata. 

Japanese Mines and Mining.—Asa further introduction 
to the subject of this paper, it will be here to say 
a few words about the methods of mining employed in Japan, 
and the present condition of the mines. 

The oldest mines in the country are those worked for 
gold, silver, and copper, these, with the other metal mines 
more recently opened, follow, with few improvements, the 
rude methods of exploitation adopted centuries ago. Coal 
mining, being of more recent date, has profited more from 
foreign teachings, and follows the method of the Western 
woul ba far as it is possible to follow those methods with- 
out machinery, and with imperfect tools and appliances. 

Method of Attack.—In the metal mines the deposit is 
usually attacked by an adit on the vein itself; or, in the 
case of a well-known lode, by a tunnel through the rock. 
The tunnels are usually constructed for drainage, and are 
often miles in length, requiring sometimes twenty or thirty 
years for their completion. To save labour, the airways, 
slopes, drifts, and exploring tunnels are made extremely 
small, and often very tortuous, following convenient seams 
in the hard rock, and choosing always the softest places— 
in vein or wall rock, as the case may be. The ore and rock 
are broken down with picks and wedges. Powder is used 
only in very hard rock, ea, Pe ag drills and un- 
skilful _use of powder making ting troublesome and 
e msive. 

lopes.—The slopes are small, and the mine is generally 
‘* robbed”’ of its richest ore first, the poorer material bein; 
left in the mine, or taken out only when the miner is fo 
to it. The peculiar system of administration, by which the 
miner is allowed almost perfect liberty to select his own 
working place, and is paid by the amount of ore or metal 
roduced, encourages this double waste of the miner’s 
bour and of the resources of the mine. 

Transportation.—The ore is brought to the surface by 
the shortest road on the backs of men or women; and the 
work of these ore-carriers is made doubly hard by the 
narrow and tortuous character of the passages. 

Draining and Ventilation are, as a rule, effected by 
natural means, the lowest adit or tunnel forming the drain- 

level (midewnuki) and the highest the ventilation 
p nla (kemuri dachi or kasatoshi). When it becomes 
necessary to work below the drainage level, a series of rude 
wooden suction pumps are fitted up in a ial slope, leach 
pump raising the water about 6 ft. and delivering it in a 
a reservoir or tank at the bottom of the next pump of 
the series. They are worked by hand, requiring one man 
to each pump, and can raise but a very small quantity of 
water, and that only at the cost of much time and labour. 
When the flow of water becomes large, or the height to 
which it must be raised great, the mine is abandoned. 

Ore Washing.—The ore before smelting is handpicked, 
and the poorer parts crushed and concentrated by washing. 
The washing is effected by hand-jigging on shallow basket 
sieves of different degrees of fineness. The finest portion, 
which passes all the sieves, is washed on a sleeping table or 
on the ita or shallow washing board, which is like our 
** nan” or the Mexican batea. 

Coal Mining.—The coal mines are usually worked by a 
sort of pillar and stall method, the pillars being taken out, 
asfar as possible, in retreating, after the workings have 
reached the desired extent. The drainage is generally 
natural, the workings being in the hill-sides, above the level 
of the streams. In the Karatsu district, one of the most 
important in Japan, where the hills are very low, and the 
workings are, for the most part, below water level, pump- 
ing is necessary. Rude wooden pumps, similar to those 
previously described, are there used; although in some 
places a drainage shaft fitted with a large bucket, rope, and 
pulley. and worked by half a dozen or more coolies, is pre- 
erred. 


The coal mines, like the metal mines, are ventilated by 
natural means. In some places, where this proves in- 
sufficient, attempts are made to increase the flow of air b: 
a rade chimney over the upcast shaft; but, as only as 
charcoal fire is employed, instead of a furnace, this has but 
little effect. 

The galleries, levels, slopes, &c., are much more regular 
and of larger size than in the metal mines, and permit 
better methods of transportation. The coal is usually 
brought out of the mine on flat baskets hauled by boys. 

bove ground, pack-horses or two-wheeled wagons pro- 
pelled by man power are used to take the coal to the boats 
or junks, in which it comes to market. 


(To be continued.) 





Costa Rica RarLRoap.—A section of this line, which is 
now under construction, extends from Port Limon to 
Alajuela. Starting from Port Limon the road runs along 
the beach for about eight miles, and then turns towards the 
interior and runs to Matina. Thence it traverses the country 
to the Madre de Dios river, where the finished track ends, 
the whole length of the line from Port Limon being 32 miles. 
From the Madre de Dios work is being pushed forward by 

. Keith and Douglas ; but the progress made is slow, 
as the oresument does not provide funds very freely at 
present. 








ITALIAN ARTILLERY EXPERIMENTS. 

THE riments at Spezia, which, as described in our 
columns at the time by a t at Spezia, attracted 
much attention from artillerists of all countries, were 
temporari because some of the targets had not 
arrived. e series has since been continued brought 
to an end by the complete destruction one after another of 
targets op to the 100-ton gun.. This was only to 
be expected after the proofs given during the mye bye 
that gun and carriage were more than equal to the task 
set before them. But the later series of experiments li 
been so in ing on account of the variety of the targets 
and the use of redu in some cases, that we are 
glad to have the opportunity of presenting the results to 
our readers. 

It will be remembered that during the first series 42 
rounds had been fired with various charges, but all exceed- 
ing the guarantee of the manufacturers, and that in some 
cases the guarantee was so ove that the Italian 
Government declared themselves sati and accepted. the 
gun, so that they —— make the best use of the experi- 
ments by trying different charges of different kinds of 
powder. The powder used throughout the second series 
was that manufactured expressly by the Italians; ° and 
called pour powder of Fossano.”” The result has 
been highly satisfactory to the.scientific designers of the 
powder, for, though more of it has tobe used to give a 
certain bene Bap in the case of English powder, high 
velocities can be obtained with a very moderate pressure 
< the — of the gun. hae eae a = 

‘ossano powder is peculiar. hroug! 
first x of manufacture and being ane to the con- 
dition of ‘‘ meal powder,” it is pressed into cakes whic 
have a density of 1.79. The cake is then broken up into 
i grains of about jin. to }in. in thickness. The 
grains are then mixed with a certain quantity of fine grain 

wder and the whole mass is p into a cake which 
ie a density of 1.776. This second cake is then broken 
up into tolerably regular oe about 2} in. square by 14 in. 
thick. These grains, if they can so be , are therefore 
composed of a number of small pieces with a higher density 
placed like the raisins in a plum-pudding in a sort of con- 
glomerated powder material of a ‘ower density. The in- 
tention of the inventors of this powder was to bring about 
a condition of affairs in which more gas would be produced 
ina given time when the powder been penlly burnt 
than at the commencement of its ignition. 

On the 14th of December the first round of the new series 
or 43rd round from the 100-ton gun was fired with a charge 
of 109 kilos. (240 lb.) of Fossano progressive powder, and 
the usual 2000 Ib. Palliser shell against the Cammell sand- 
wich target, which presents a front 12-in. plate, then 12 in. 
of wood, with iron stringers, and behind that a 10-in. plate. 
This charge wasa very small one, and gave a velocity of 
1050 ft. per second. The object of the committee was to fin 
the actual penetration in different forms of targets under 
conditions which would prevent the complete penetration of 


the structure, for the previous experiments had shown that to 


to fire the full charges would in every case be to ruin the 
target and prevent anything like judgment of com tive 
results as far as penetration was concerned. e shell 
poset through the first — and cracked it through from 

p to bottom, passed t rough the wooden interior, an 
entered 6.8 in. into the second plate. The base of the shell 
broke up and the remainder was starred. Judging from 


past experiments with gun-cotton shells, the Italian com- | P® 


mittee consider that had this shell been loaded it would 
have completely blown off the front plate. As it was, the 
skin of the ship was cracked and a vertical iron beam behind 
was considerably doubled up. 

The gun was then for the 44th round, the c 
and projectile wee rnd similar to those used in the 

ing round. is time the target was of the same 
imensions as that used in the old experiments, but with a 
Brown’s solid plate 22 in. thick, sea was rough, and 
the pontoon moved visibly after the gun was laid, so that 
the shell, instead of striking the point aimed at, hit the 
plate on its lower edge and broke into several pieces, which 
were deflected downwards and made a hole in the ground 
about 6ft. or 8 ft. deep in a slanting direction under the 
target. Though lost for the immediate object of the ex. 
periment, this round was of great interest, for it showed 
that a shell striking the edge of the narrow belt of armour, 
which will soon be all that ships can afford to carry, will 
tear through the bottom of the vessel with force enough to 
pierce engine-rooms and boilers and pass out below the 
water line on the other side. 

Round 45 had been looked forward to with great interest. 
Previous experiments with guns of smaller calibre had given 
reason to believe that a plate of chilled cast iron, by pre- 
senting an extremely hard surface to the point of the 

jectile, might break it and so prevent its penetration. 
The charge was 400lb. of Fossano powder, and gave a 
velocity of 1494 ft. to the 2000 lb. shell, jet oma to the 
effect of a charge of 341 lb. English powder. The target 
had an 8-in. plate infront, then a strong layer of wood, and 
behind this a 14-in. plate of chilled iron from the Gregorini 
Works, near Como. 

i rini cast iron deserves a word of praise. It is 
really of splendid quality, being very hard, with a tensile 
strength of from 16 to 17 tons per inch. Ordinary cast 
iron usually fails at about half that strain, and very rarely 
rises as high as 10 or 12 tons. Indeed, so good is it that 


the Italian Artillery of the Land Service have succeeded in 
producing heavy cast-iron rifled far superior in strength 
to anyt that has ever been known in land. But it 


was not able to resist the shell from the 100-ton gun, which 
penetrated the target completely and caused a more terrible 
ruin behind than had in any previous e: iment. 
The shell was broken up into many pieces,-which dashed 
through into the interior of the ship, carrying with them 
a great number of ts of broken plate and 
causing such a hail of iron that nothing could have lived 


h | ing the 22in. solid 





between decks. The sand bags behind were deeply pitted 
with many hundreds of pieces, and the i me fh ne 
proved that the oft fanls of, enee metal ill exists J any’ 
that when it breaks under the influence of a heavy blow it 
is dashed to atoms 


In Round 46 the shell broke up in the but Round 47 
was fired under the same condi as No. 45, and the iron 
plates were similar in kind and dim —only in this 
case the front wrought-iron plate was 
upon the cast iron in rear; t coming behind both, 
again the was com) and ruined, a 

ion of the front plate at the same time torn 


, 80 terrible was the 
hail of iron Cagesatp exgpea i 47, the velocity of 


failure of striking the right spot, which oc- 
curred in Round 44, on account of the motion of th 
toon, and therefore of the gan, the apparatus for firing was 
transferred to the deck of the pontoon and an arrangem: 
made by which the officer whose duty it was to touch the 
batton which by the action of electricity carried flame to 
the powder could himself run the piece and discharge it at 
the right moment. This was a near approach to what 
wo happen on board ship, the result was 


that in every ing round the white mark painted on 
the target was obliterated by the shot, which always struck 
on the right place 


. Fas combinations < iren and wood, were the iron was 
in two layers, us been destroyed, a ~ 
eown's te was again su —_ a 
attack. Round 48 was with a reduced charge of 
240 lb., similar to that used in Round 43. The velocity was 
1062 ft.,.and the point aimed at was near the left of the 
The shell broke up the front part, remaining in 
the hole, having. peneten about 15.6in. If we compare 
this effect with Round 43 against the sandwich we 
shall see that the solid Brown’s plate had by far the 
of it; for while the ——_ fired at the sandwich target 
with a velocity of |1 .» penetrated 81 in.,; of which 
nearly 19in. was through iron, that at the Brown’s 
late trated only 15.6in. of iron and no wood, Taken 
eoettielion with the possible use of gun-cotton shells 
this round would appear to establish conclusively the fact 
that targets composed of moderately thick iron plates 
placed in layers alternating with pen | such as that now 
under pe at ge omy Dy not at all approach in 
strength the same Kkness of iron disposed in one solid 
plete ob the er hy structure. Round 49 was fired 
wit ¥ .) of progressive powder, representi 
what is for the present the fall service charge of the 108 
ton gun. The velocity of the projectile was 1499 ft., and it 
was aimed at a part of the target near the right of the 
plate. A large portion of the plate was torn off, the target 
was completely penetrated, and the rear of it so ruined as 
be incapable of repair ; but the hail of fragments behind 
pom 5 ~onemyrysaaa as in the case of the target backed by 
cast iron. 
Once more the en was loaded for Round No. 50, but 
with a charge calculated just to ‘trate the Brown’s solid 


d | plates—namely, 264 1b. of a h powder. The velocity 


* 


ven to the projectile was ft., and it was aimed fullin 
e centre cf the Brown plate. The effect was as antici- 
: pete a ee: — tine thee ne of sg 
i a large fragment, splitting the plate from to 
bottom. The backing was not pierced. The verdict of 
te one was that Brown’s wrought-iron plate had proved 
itself to be of magnificent quality, as it gare a high resis- 
tance to etration with a minimwm of brittleness, but it 
could not be expected to keep out a 2000 Ib. shell fired with 
a velocity of 1500 ft—The Times. ‘ 





“AMERICAN LOCOMOTIVES FOR AUSTRALIA~ Mr. W. W. 
Evans, of New York, has ordered from the Rogers Locomo- 
tive Works, Patterson, New Jersey, two locomotives to be 
shipped to Melbourne. The engines are to be of the eight- 
wheeled American pattern with 17 in. by 22 in. ¢ lindors, 
and driving wheels 61 in. in diameter. y are to weigh 
63,000 Ib. empty. The gauges 5ft.3in. Hitherto, t 
rolling stock on the Victorian line has been wholly of 
American manufacture. 





REGISTRATION oF TRADE Marxs.—It appears from a 
Table in a recent issue of the Trade Marks Journal that 
the net result of a year’s work is the registration of 260 
— jest etek torent al oy os 

r just expi is not given, but gin, t 
heel tor reached in the Journal of the Sed tet Ff must be 
about 10,000. We will not trouble our readers with any 
abstruse calculations as to the period at which the office 
may be expected to have worked up.the arrears. Allowing 
for a slight acceleration in the rate we reckon that they 
may possibly be clear about the end of the century. In- 
formation reached us from time to time as to the 
vexatious delays interposed by the officials of the 
Marks Registry, but we gave no publicity to them as we 
thought that they might possibly have been solitary. snogs 
where the person seeking Protpenls m was perhaps 
not very ready to comply with the necessary official f 
The fact that only 260:applications out of 10,000 have been: 
completed, entirely changes the complexion of the case, 
which is indeed most grave. After the Ist of July no 

roceedings are possible unless the trade mark in question 
= istered, and it is now perfectly certain that the re- 
gistration cannot be accomplished in time, under the pre- 
sent system at all events. The whole question demands 
the most searching investigation, and. we understand that 
there is some rrobability of a Select Committee being asked 
for as soon as Parliament meets. 
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THE PENNSYLVANIA RAILROAD; THE HORSE-SHOE CURVE. 





NOTES ON GAS MAKING.—No. IV. 
By R. H. Patrerson, 
THE New System OF PURIFICATION. 

My new system of gas purification is now so well 
known that I would not describe it here, however 
briefly, but for its direct and inseparable connexion 
with the question of “‘ utilising spent purifying ma- 
terial,” a most important subject, which I propose 
to deal with subsequently. The new system, which 
applies to the working of scrubbers and washers as 
well as Purifiers, although I shall only speak of 

urifiers here, turns as its cardinal point upon the 
importance of the previously neglected carbonic acid 
in the crude gas, and the conversion of that sub- 
stance from a fatal obstructive into a precious ad- 
juvant in the work of purification ; and the chemical 
principle which I employ for this purpose is the 
superior affinity which carbonic acid possesses for 
lime and other alkaline substances, compared with 
sulphuretted hydrogen. At first, lime absorbs both 
CO, and SH: simultaneously and indiscriminately ; 
but as soon as the lime becomes saturated with these 
impurities the CO, in the entering gas proceeds to 
expel the SH,, converting the lime wholly into car- 
bonate of lime. And by turning to practical account 
this superior affinity, I am able to remove the whole 
of the CO, in the first purifier or purifiers, in such 
manner as simultaneously to expel and drive forward 
the SH, into the subsequent purifiers, by which 
means the sulphur in all forms (both SH, and bi- 
sulphide of carbon) is removed in vessels into which 
no CO, enters to disturb or destroy this absorption 
of the sulphur impurities. 

For example ; formerly, when lime purifiers were 
used no testings were made for CO,, nor was any 
attention paid to the action of this constituent of 
crude gas, although at this stage of purification there 
are no less than t times as much CO, in the gas 
as there is of SH, The consequence was, at the 
best, that the CO, went forward more or less through 
all the purifiers, the lime being three-fourths car- 
bonated and only one-fourth sulphuretted ; or, when 
oxide of iron was used after the lime, it frequently 
occurred (no notice being taken of the CO,) that 
the whole of the lime was carbonated, and thereby 
rendered totally inert upon the sulphur impurities 
in any form—the SH, upon such occasions being 








(For Reference, see next Page.) 


taken out solely by the oxide of iron, and the whole 
of the bisulphide of carbon being left in the gas. 
The old system, in truth, was only fitted to remove 
the SH, (and even this was done in a somewhat 
haphazard way), and was quite inadequate for any- 
thing more. 

Under the new system, on the other hand, the 
closest attention is paid to the carbonic acid, regular 
testings for it being made; and the lime purifiers 
are now worked as follows: They are employed 
either in two series, or as two divisions of one series, 
the first set, under all circumstances, being em- 
ployed to take out all the CO,, andthe second set 
to take out the sulphur in all forms. Say that four 
lime purifiers are employed in constant action, then 
the CO, is never allowed to pass beyond, say, the 
second purifier, ‘hourly testings of the gas for CO, 
being made, and as soon as this substance a pears 
in the gas issuing from the second purifier, No. 1 is 
thrown out of action, No. 2 becoming first in the 
series, while No. 2’s place is taken by some other 

urifier, the contents of which are capable of absorb- 
1n CQ,. 

tt is important to notice this last phrase. It must 
be remembered that, since carbonic acid has a greater 
affinity for the lime than sulphuretted hydrogen has, 
it follows that lime is still capable of acting, and 
does not become inert in gas purification until i¢ is 
completely carbonated. . A lime purifier which has 
been thoroughly saturated with the sulphur-gases 
still remains perfectly capable and efficient for 
absorbing catteald acid—the sulphur, however, 
being of course expelled from the lime in proportion 
as it becomes carbonated. Accordingly my system 
can be, and is, worked in two ways, (1) either 
particular or what may be called fired purifiers are 
used constantly as decarbonators, and others con- 
stantly kept as desulphurators, or (2) the whole 
purifiers may be worked as one series in rotation, 
each vessel being used in succession for sulphur and 
for carbonic acid, To put the matter clearly, sup- 
pose that each cl a number of its own, 
say, 1, 2, 3, 4. en, under the former of these ways 
of working my process, the purifiers bearing the 
numbers ] and 2 are used in rotation always and 
exclusively for removing CO,, No. 2 becoming in its 
turn first, and No. 1, recharged (or, which amounts 
to the same thing, a reserve purifier), becoming 











second ; while the two subsequent purifiers, which 
are employed exclusively to remove the sulphur, 
rotate in a similar manner, namely, first as 8 and 4, 
and then as4and3. Thus there isa double rotation, 
a separate rotation for each set of purifiers; the spent 
lime coming out of the first set wholly carbonated, 
and out of the second wholly sulphuretted. 

Under the second, or alternative mode of work- 
ing, no distinction is made as to the particular vessels, 
but only as to the object or purpose for which their 
contents are employed—the rotation being applied 
to the whole series of purifiers, instead of each set 
having a separate rotation. Thus, again supposing 
that the purifiers are numbered, No. 1, when carbo- 
nated, is recharged and placed last of all, as 4, and 
so on with each in turn. But, while the rotation 
applies to the whole series—the last gradually ad- 
vancing until it becomes first—the two purifiers 
which for the time stand first and second, are in that 
position employed to take out CO, , while the purifiers 
which for the time stand third and fourth in the series 
are in that position employed to take out the 
sulphur in all forms, and thereafter, when they 
become 1 and 2, to take out CO,. Under this 
mode of crsoray just as under the former 
one, the spent lime from the first set of 
purifiers (1 and 2) comes out entirely as carbonate, 
and from the second set entirely sulphuretted, or 
as sulphides of calcium. 

In the case as hero nted (namely, that the 
lime purifiers are of sufficient number that four can 
be kept in constant action) the latter of these two 
modes of working my process has no advan 
over the former; on the contrary, it is inferior, be- 
cause less simple. It is true there is an illusion 
about it on the surface, which has led some men 
to believe that by working the lime purifiers by 
this second or alternative course, whereby the sul- 
phuretted purifiers are ultimately as de- 
carbonators, the whole of the lime can be taken 
out of the purifiers in the form of carbonate of lime, 
But this isa mistake. You cannot eat your cake 
and have yourcake, If the lime puri are worked 
by rotation in one series, the sulphuretted purifiers 
(say 3 and} 4) being moved forward so as to be- 
come 1 and 2, and so employed as decarbonators, 
this can only be done by wholly desul uretti 
the lime in these vessels. Now, the huret 
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lime containing the absorbed bisulphide of carbon, 
must be taken out somewhere or other with all 
ite sulphur intact. Therefore, when the purifiers 
are sufficiently numerous, it is better, because 
simpler, to keep certain purifiers, say 3 and 4, 
constantly i in rotation to the work of 
taking out the sulphur, emptying No. 3 as 
soon as its contents become so highly sul- 

huretted as to be incapable of absorbing any more 
Fisulphide of carbon; and in like manner appro- 
priating in rotation Nos, 1 and 2 constantly for 
taking out the carbonic acid, emptying No. 1 as 
soon as it is fully carbonated, 

But the case altered if the purifiers be 
few in number—say only two lime purifiers in con- 
stant action, with oxide of iron last of all. It is 
needless to say that these two purifiers may be quite 
as efficient as three or four smaller ones ; but the 
mode of working them, under my _— may be 
advantageously modified, by working these two 
vessels i together, instead of separately. It is 
og possible to work each of them separately, viz., 

0. 1 fomeatboniec acid, and No. 2 for the sulphur— 

No, 2 (instead of moving it into the 
0. 1) as soon asit is so highly sulphuretted 
as to be incapable of any longer absorbing bi- 
sulphide of carben. But if this were done, it is 
obvious that there would om gs be ny jones 
purifiersone to put in action in place e 
ae when it becomes carbonated, and 
another to take the place of the second purifier 
when it becomes a a Whereas if the 
two purifiers in action be worked together 
(No. 2 No.2), then only one reserve purifier 
will be Im this case also (viz., when only 


comes Nov 1's and it. maintaned as No. °1 
(i.e. willtiot be em until, but no than, 

it becomes fully and just up to t 
when it loses its power to a of 
carbon, owing to the invading the sulphuretted | 
portion ofits contents. By throwing 
just at this t,; No 1 will retain all the “4 
(SH, and CS,) which it has previously absorbed, 

but which would be expelled and lost if No. 1 were 

kept longer in action ——-Of course, when oxide of 

iron is used last of all, the mere expulsion of the 

SH, from the lime does not matter, seeing that it 

will be subsequently arrested and removed by the 

oxide of iron ; but this would be utterly fatal to the 

removal of the bisulphide of carbon (CS,), the im- 

purity which so long baffled the gas world,and the 

removal of which is the primary object of my 

process. 

Thus the only modifications in applying the new 
system, if rightly used, are those above-mentioned, 
which are naturally dependent upon the number of 
purifiers employed; but, however worked, the 
principle of the process is uniform and unalterable, 
namely, to remove the CO, first of all, and in such 
manner as to produce pure sulphide of calcium, and 
also .to any extent that may be required for the 
efficient purification of the gas from bisulphide of 
carbon. Never before has sulphide of calcium been 
produced in lime purifiers free from a large ad- 
mixture of inert carbonate of lime, still less was there 
any known means of producing this pure sulphide of 

cium to any extent that might be required, or, 
indeed, to the extent that is required for the 
efficient elimination of bisulphide of carbon, a sub- 
stance which is absorbed comparatively slowly, and 
which therefore needs to be through a cor- 
respondingly large oe of purifying material. 

part from this prime object of the new system 
of purification, viz., the removal of the long-existing 
sulphur difficulty, it other concomitant 


cognac the value of which will be readily re- 
00; . 
. One of these is the increased facility which the 


new system affords for the utilisation of the spent 
purifying materials—a subject whici: I shall deal 
with separately. 

2. Secondly, as to the diminution of nuisance from 
the use of lime. As already stated, the gas as it enters 
the purifiers usually contains three volumes of CO, 
for one volume of SH, ; and as by the new system 
the carbonated portion of the lime is obtained in 
and removed from the purifiers separately, and 
without any admixture of sulphuretted hydrogen 
and bisulphide of-carbon, it follows that three- 


i.e. em 





fourths of the whole of the spent lime comes out of 
urifiers in an inodorous form, which cannot 
ly be offensive either to the workmen or to 


the 
possi 


it out of action | thing 





the neighbourhood, Thus all the sulphur is con- 
tained in one-fourth of the t lime; and 
although this portion, being more sulphuretted than 
before, is in itself more offensive than an equal 
pate of the lime under the old m ; never- 

eless, owing to its small quantity it mes much 
more easy to deal with it. It may be easily con- 
veyed from the works in covered carts or tanks, the 
lids of which (like those of a purifier, for example) 
might drop down at the rim into a water-seal, 
whereby the escape of effluvia would be prevented. 
Certainly it has ppened that, althoug vious 
to my new system, lime could not be in gas 
works situated within London—such as at the 
Fulham, St. Pancras, and Haggerston Works of the 
Imperial Company, and others—it is now freely 
employed in purification at each of those named 
works, and, indeed, in nearly all the London gas 
works however situated. ~ 

3. There is alsoa direct and pecuniary profit 
obtained from the new system, in consequence of 
the entire removal of the carbonic acid, whereby 
(cs I have ee - a ptt ween bier y 
illuminating power e@ gas is y inc 6 
It is true that the carbonic acid may be taken out 
otherwise ; but, by my it is im- 
possible to take out the carbonic acid and also the 
disulphide of carbon, the elimination of the latter 
cates now indispensable in properly 
Bm gegen deaf my ember 

the new system as tespects its prime object 

namely, the removal of the sulphur impurity which 
had baffled the gas world for at least twenty years. 
The actual facts, as shown by the official testings,. 
are the most unequivocal demonstration of thesuccess 
of the new process, butit is a pleasure to be able 
to quote a frank acknowledgment on the part of the 

world a As hones of i 

iation of Gas Managers, Mr. Livesey, 
in address in June, 1874, bore direct testi- 
WME ‘Pattee tt cdl oper; ate th 
“Mr. Patterson; im an ial report, » athe. 
or 80 ae ose eee 
$3 difficulty reducing compounds. 
In Gita shown, ¢.., at yes Ocubion the} 
** sulphur” can now be Lept down to an average of 
only five grains per 100 ft. of gas, and with such 
complete control that during a whole month the 
amount of the impurity never varied beyond two 
grains—the minimum being 3.3 and the maximum 
5.6 grains—average for the month, 4.4 grains. If 
this can be done steadily and continuously for a 
month, it can be done always. In fact, gas can 
now be as thoroughly purified from the “ sulphur 
compounds” (i.¢., sulphur in other forms than 
sulphuretted hydrogen), as it was from ammonia 
in 1869, in which year a maximum of five grains was 
first fixed by the gas referees for that impurity— 
which maximum, be it said, at that time was fre- 
quently exceeded. 

Thus the new system has entirely fulfilled m 
statements in regard to it in 1872; and I think 
may say, without any exaggeration, that never before 
has any improvement in gas purification combined in 
itself so many advantages. 





THE PENNSYLVANIA RAILROAD. 
No. III. 


THERE are three general superintendents upon the 
Pennsylvania system, each having charge of one of the 
Te divisions into which the lines are grouped. 

As has been already stated in a previous article, 
these divisions are :—1l. The Pennsylvania Railroad 
Division, between Philadelphia and Pittsburgh, and 
all its branches. 2. The United Railways of New 
Jersey Division, including the Philadelphia and 
Trenton Railroad, the connecting railroad and its 
branches. 3. The Philadelphia and Erie Railroad 
Division and its branches, 

The general superintendents act entirely under the 
instructions of the general manager. They are respon- 
sible for the safe and efficient management and con- 
ducting of the traffic, both passenger and goods, for 
the general efficiency of the rolling stock and condi- 
tion of the road, and for the discipline among the 
employés. They have charge also of the properties 
and real estate belonging to the company within 
their division, and they have general ge of all 
shops, stations, yards, &c., connected with the rail- 
way, and the locomotives and rolling stock belong- 
ing to it. 

The seven sub-divisions of the Pennsylvanian 
Railroad Division are each of them under the charge 


of a division superintendent, under supervision of the 
general ny gery and carrying out the details 
of the work for which the latter is responsible. 

Similarly the United Railroads of New Jersey 
Division is divided into three sections—the New 
York, the Amboy, and the Belvidere; and the Phi- 
ladelphia and Erie into three—the Eastern, Middle, 
and Western. All of these have division superin- 
tendents. Under them is an assistant engineer to 
take charge of permanent way, earthworks, bridges, 
culverts, viaducts, stations, and works and buildings 

nerally, and who is responsible for their good con- 

ition and general efficiency. 

It is one of the duties of the general superin- 
tendent to report annually to the general manager 
the number of employés, their status, rates of pay- 
cary tbe — ee that have 

n e in the staff during thie previous year. 

The sagen producing and repairing works of 
the company being at Altoona—at the eastern foot 
of the mountain section on which the Horse-shoe 
curve occurs—the generat superintendent and the 
superintendent of motive i 
there. The division su 
delphie, Hapcbeeng roabang, Pitaburgh : ‘Tyrone Beceville, 

'p: ’ ; irsville, 
Lewistown, and Bedford are the respective h 
The Unibed Rallwaye of New Jersey ha 

‘ ew Jersey have their 
own general superintendent, “with their 
division and other officers, but the duties of the 
superintendents of motive power and of transporta- 
tion of the Pennsylvania ‘also extend over 
the United Railways of New Jersey,’ The general 
superintendent has offices in Jersey City,’and the 
division superintendents are Eo satay in Jersey 
City, Camden, and Lam e. And just in 
the same*way with the Philadelphia and Erie, 
whose chief officers are at Williamsport, and the 
division officers at Williamsport, Renovo, and Erie 


tg, pg hm a4 

vi general agent is atiother important officer. 
filles located in Philadelphia, and has’the general 
supervision of the goods and ‘business 
sofar as Philadelphia is concerned, -- terminal 
station management is under his control, and 
acting agents are responsible to him for keeping 
their books strictly according to regulation, and 
keeping business well in hand, It is also the busi- 
ness of the general agent to keep himself in constant 
communication with the agents of other railways 
connecting with the Pennsylvania Railroad, in order 
to make himself posted pr the general conditions 
and probable variation of traffic, in order that it 
may always be feasible to regulate the conditions of 
working, or to meet any emergency that may arise. 

The general agent, as before stated, acts im- 
mediately’ under the direction of the third vice- 
president. One of his most important duties is to 
arrange the tariffs for the transport of goods, and 
when it is found necessary or expedient to make any 
changes in existing rates, to co-operate with other 
companies, and with the agents of the various roads 
leased or operated by the Pennsylvania Railroad 
Company. He has also. to give all instructions to 
station, foreign and other agents, as to the receiv- 
ing, forwarding, and handling of goods, to inquire 
into all claims of compensation for damaged or lost 
freight, and to report the same to the general ma- 
nager, who shall direct payment to be made, when 
such claims are admitted by the company. The 
principal assistants of this officer are general freight 
agents for the United Railroads of New Jersey 
Division, and of the Philadelphia and Erie Railroad 
Division, whose duties are similar to those just 
descri These gentlemen have, moreover, to 
travel constantly over their respective lines, in order 
to keep well acquainted with special conditions of 
traffic that may arise, and to be always familiar with 
the varying requirements of transport of local 
freight. To this end frequent consultations with 
the general superintendents of the various divisions 
form imperative parts of their duties. 

All variations and changes in the rates charged for 
freight are subject to the approval of the third vice- 
president, and notice of the same has to be served 
immediately upon the comptroller and the auditor 
of freight receipts. 

The general passenger 
immediate supervision of 
His principal duty is the organisation of rates for 
passenger traffic over the Pennsylvania Rai 
and the negotiation of arrangements with the pas- 

agents of other connecting lines, together 


t acts also under the 
e third vice-president. 





with the printing and distribution of all tickets. 
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His chief assistants are the assistant-general pas- kept entirely upon a prescribed , and that’| it within their respective districts, and—under ‘the 
senger agent, the general baggage agent, and a/| receipts and expenses are divided into sections, of | instructions of the general solicitor or the general 


general ticket agent 6n the Pennsylvania Railroad, 
the United Railroads of New Jersey, and the Phila- 
delphia and Erie Railroad. The general baggage 
agent has the charge of receiving, checking, and 
delivering baggage, and of examining into claims for 
loss which are afterwards passed on to higher quar- 
ters, as already explained. The duties of the 
general ticket agent are broadly explained by the 
title of his office, but he has besides to devote his 
attention to the development of travel, and to the 
comfort and accommodation of passengers. 

The consulting engineer to the company takes 
charge of the Real Estate Department, together 
with all plans and sections of the road, deeds, 
porree Car 9 4 — referring - oe estate 
controlled by the com ; he to pre 
leases, to make phen. A and to Gentes it th 
various duties connected with the various land pro- 
perties connected with the railway. 

The comptroller prepares and keeps all the books 


which the following are the chief of the latter: 
1. Transportation. 2. Motive power. 3. Maintenance 
of way. 4. Maintenance of cars. 5. General expenses; 
and, 6. Construction and equipment, The first h 

includes all expenditure relating to receiving and 


forwarding freight and — rs, rent, repairs of 
stations, &c. The second head alee all expendi- 
ture for working and iring locomotives, and for 
shops and engine sheds, &c. The third deals 


with all expenses relating to repairs and renewals of 
rmanent way, road bed, masonry, repairs of 
ridges, viaducts, &c. The fourth includes the re- 
pairs and renewals of cars ; the fifth the salaries of 
the general officers, office expenses, and miscellaneous 
expenses; and the sixth comprises the construction 
and equipment, including widening of lines, or 
other improvements, new ger and sta- 
tions, new engines and rolling stock, and so forth. 
In the various sub-branches of the different depart- 





ments these are again subdivided. 





manager—they prepare contracts for construction, 
maintenance, or management of works or property 
belonging to the company. They also examine 
all taxes, assessments, &c., and on ing them as 
correct, refer them to the consulting engineer, and 
they attend to the securities on the bonds given by 
the various agents of the company, train conductors, 
or owners of individual sidings, &c. 

Finally, the Supply Department is under the 
supervision of a purchasing agent, who is responsible 
to the general manager, and who buys all articles 
required for every department under the care of the 
latter, excepting coal, rails, timber, and roadway and 
bridge materials, these supplies being under the 
special supervision of the president or general 
pss Bye be provided from time to time as they 
may think most advisable, The purchasing agent 
is, of course, in intimate relation with Ac- 
countant’s Department, in which—under the head 
of general stores—a record of all these transactions 


SYNOPSIS OF THE ORGANISATION OF THE PENNSYLVANIA RAILROAD COMPANY. 


BOARD OF DIRECTORS OF 


The Pennsylvania Railroad, the United Railroads of New Jersey, and the Philadelphia and Erie Railroad. 











The President. 
| | | 
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and accounts of the company relating to receipts and 
disbursements, and furnishes all forms, bl , and 
books to the various acccountants’ employés. His 
principal assistants are the auditor of freight re- 
ceipts, the auditor of passenger receipts, and the 
auditor of disbursements. The first named of these 
has charge of all the accounts relating to the earn- 
ings of the goods traffic on the Pennsylvania and 
other lines belonging to the company, having under 
him a staff of agents and collectors ; his reports are 
made to the comptroller. The auditor of passenger 
receipts fills precisely the same position with re- 
gard to the passenger business, while the auditor of 
disbursements has to do with the expenditure in 
the various departments throughout the whole 
system, to check bills and vouchers, and to endorse 
them for payment or to refuse passing them as the 
case may be. All these three officers are provided 
with an assistant, who performs their duties during 
their absence. As already stated, the comptroller 
and the treasurer act in concert, the latter inform- 
ing the former of all moneys paid and received, and 
the two compare monthly the cash balances. 

It need scarcely be said that the whole of these 
extended and necessarily complicated accounts are 


The Legal Department of the company is underthe 
charge of two officers—the general solicitor and the 
general counsel. The duties of the former are con- 
cerned with all lawsuits and general litigation in 
which the railroad company isa party, to keep records 
of all legal rae nae in which the company may 
be interested, and to prepare opinions upon all ques- 
tions referred to him ns the board of Socitee or 
the president. This officer is assisted by a con- 
veyancer, who transacts the business connected with 
title deeds, leases, mo , &c, The general 
solicitor nominates (with the sanction of the presi- 
dent) a solicitor for each of a number of districts 
into which the system is divided. These nomina- 
tions are for one year. On the Pennsylvania Rail- 
road there are fourteen such districts with nineteen 
solicitors in as many different cities ; on the Phila- 
delphia and Erie there are two districts with nine 
solicitors, and in the United Railroads of New 
Jersey there are five districts with one solicitor to 
each, These officers look after the interests of the 
company over the whole of its lines, and report all 
cases coming within their province to the general 
solicitor, who instructs them. The local solicitors 





represent the company in any action brought against 





is me All entries on this account are made from 
vouchers given by the agent, and containing all 
Sr of the purchase, together with the formal 
eclaration that the goods enumerated on the 
ay ‘* have ee | purchased on the best terms 
or the company and at the prices specified, and 
that they have been received for the use oad bomen 
of the company.” ‘These vouchers are afterwards 
endorsed by the auditor of disbursements and are 
returned for Reson at the specified time, 
epartment is under the care of a 
general superintendent, who is responsible to the 
president and directors for the maintenance of the 
canal and branches for the maintenance of all vessels, 
wharves, &c., belonging to it, and for the manage- 
ment of the traffic, and he reports periodically to 
the president, 
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LIGHT-DRAUGHT PADDLE-WHEEL STEAMER. 
CONSTRUCTED BY MESSRS. YARROW AND CO., ENGINEERS, ISLE OF DOGS. 
(For Description, see Page 49.) 


IRON AND STEEL AT PHILADELPHIA. 
MANUFACTURES AND WORKS IN THE UNITED STATES. 
By A. L. Houiey anp Lenox SMITH. 

No. IV.—GeERMAN EXHIBITS. 

THE iron and steel display of Germany at the 
Philadelphia Exhibition, although not fairly repre- 
— these interests in that country, contained, 
nevertheless, many interesting features. The mining 
and smelting industries of the Siegerland were repre- 
sented in a very extensive joint collection of iron 
ores, in which nearly all the mine pre rietors of 
that district participated ; there was a er exhibit 
by the most prominent manufacturers of spiegel- 
eisen, The latter was in the form of a lofty pyramidal 
column, formed of fractured pigs of spiegeleisen ; 
the base consisted of blocks of manganiferous spathic 
ore for which the Siegerland is renowned. The 
exhibit was participated in by the Heinrichs Smelting 
Works Company, the Cologne Miisen Mining Com- 
pany, the Charlotten Smelting Works Company, 
and the Wissen Mining and Smelting Company. 
There was nothing remarkable about the quality of 
the metal; it was the ordinary ‘‘ German spiegel.” 
The exhibit, however, was characteristic and very in- 
structive, 

The district of Saarbriicken and Lorraine was re- 
— by the display of the Luxembourg 

ining and Saarbriicken [ron Smelting Company. 
A large case containing a consecutive series of 
fractured pigs, and numerous sections of beams and 
difficult rolled shapes, was surmounted by a group of 
coal, cokes, and iron ores in quite large masses. 
The prominent feature of the exhibit was a collection 
= some pen 3 pan! ai ny beams of various 
shapes, 48 ft. in length, and varying in height 
from 8 in.to19}in. This display seemed to indicate 
good machinery and facilities in this line of manu- 
facture. 

Upper Silesia was represented by the exhibit of A. 
Borsig, which was very extensive and interesting ; it 
consisted of coal, ores, fluxes, spiegeleisen, pig irons, 
large and small forgings, some very large plates, 


and various shapes of wrought-iron bars, also a 
number of Haswell’s moe products. The larger 
forgings were remarka 


le for finish, and among the 
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smaller ones there were several locomotive connectin, 
rods with stub ends and oil cups forged on, whi 
were the best specimens of this kind of work in the 
Exhibition. ‘Smithing up” a forging to conceal 
orginally bad workmanship is readily discovered 
and appreciated by the expert; making a forgin 
true enough to dispense with any machine too 
finish, except on the working parts, is a much higher 
branch of the art. 

The Haswell press forgings could be studied with 
interest and profit by the manufacturers and users 
of steel in other countries, especially by Americans, 
who have as yet made very little pro in thi 
direction, although much of their steel is admirably 
suited to this treatment. There was little in the 
entire Exhibition of greater practical interest than 
the very great variety of these forgings shown by 
Borsig, their very difficult character, and their 
excellent finish. They indicated a great improve- 
ment in accuracy, adjustment, and power of ma- 
chinery, and in adaptation of steel When we 
observe such a complex piece as a locomotive axle- 
box, with all unnecessary material removed, just as 
if it had been cored out of a casting, and the 
surfaces smoother than those of a casting, we 
naturally look forward to a still ter advance in 
this art, to improved lightness and strength of con- 
struction, and to greater durability and economy 
of structures, both large and small. 

The Lower Rhine Westphalian district was re- 
presented by the exhibit of the Wesphalian Union, 
an association formed by the union of five large 
establishments. This was an extensive and interest- 
exhibit, comprising iron ores, pig iron, bar, plate, 
and sheet iron, iron wire of kinds, tin plates, 
bolts, nuts, and screws, in fine, a very various dis- 
pley. of products of good quality and workmanship. 

his district was further and very fully represented 

by the splendid display of Krupp, which was the most 
borate, costly, and extensive in the Exhibition, 
It comprised a large and consecutive collection of 
the ores and speigels of the district, surmounting a 
case containing fractures of angle bars, tyres, 
crucible steel wheels for railways, railway crossings, 
locomotive axles, steel rails of every pattern, from 
the lightest mine rails to the heaviest sections, and 





a very interesting series, ae by percentages of 
carbon, of fractured tool and file steel bars. The —_ 


‘poeta information imparted by these exhibits, 
owever, was not as great as was conveyed by the 
similar series of fractures and analyses from Sweden. 
The fractures of the steel railway wheels, tyres, 
crossings, and frogs showed the perfection of sound- 
ness, being almost absolutely free from blow-holes. 
Another department of Krupp’s exhibits consisted of 
samples of cast-steel springs for railway pu q 
rolls of hardened crucible cast steel, of which the 
most important was a roll 24 in. in diameter, and 
2% in. length of face ; steel locomotive and car axles, 
some of which were fitted with wrought-iron wheels 
and steel tyres; an array of tyres of cast steel, the 
largest of which was 94} in. in inside diameter, also 
crucible steel piston and coupling rods, slide bars, 
&c., in great variety. 

The exhibit also contained some wrought iron and 
steel forgings made by a Haswell press of 800 tons 
pressing power, among which were crank pieces with 
two and three spokes, intended for locomotive 
wheels, a locomotive axle box, and a cylindrical 
flange fora gun carriage. Some wrought-iron wheels 
were exhibited which were made by g a wrought. 
iron band of different widths, the nave being formed 
by one width and the disc and rim by succeeding 
widths, after which the coil is welded together. 

A number of steel sheets for the trails of 
field-gun carriages were also exhibited. These were 
very handsome pieces of work and challenged 
the admiration of man rts. A boiler = of 
wrought iron was exhibited cut to 23 ft. 6 in. length, 
6 ft. 2 in. width, and ¥ in. thick ; also a crucible 
steel boiler plate, untrimmed, which was 29 ft. 11 in. 
long, 5 ft. 6 in. wide, and 67% in. thick. These plates 
were well rolled, but no test of quality is given. 

The heavy forgings in the ibit were a three- 
throw crankshaft in the rough, with se flange 
weighing 13} tons, intended for a 2200 horse power 
ironclad in course of construction for the Imperial 
German Navy. The shaft was f under a 50- 
ton steam hammer, from a solid cylindrical crucible 
cast-steel block 56 in. in diameter, and w ng 30 
tons. Another heavy forging was a double 
crankshaft with coupling flange, weighing 9 tons, 
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also forged from a solid block of crucible steel: 
Continental observers are more or less familiar with 
steel forgings of this magnitude, but to Americans 
they are remarkable, and, in fact, they are extremely 
creditable as regards quality of material, adaptation 
of forging machinery, and skill in manipulation. 
There is no more striking proof of the progress o 
the art than Krupp’s larger and better forgings 
which have formed so important a feature in the 
display of successive international exhibitions. 

The great feature of the Krupp exhibit, however, 
was the artillery, which indeed formed a very impor- 
tant feature of the entire Philadelphia Exhibition. 
The guns were of crucible steel and were seven in 
number, viz., a 14-in. gun on a sea-coast carriage, a 
long 94-in. gun on sea-coast carriage, a 34-in. field 
gun with carriage, a 3-iu. field gun with carriage, a 
3.15-in. mountain gun with carriage, a 2.36-in. 
mountain gun with carriage, and a 34-in. gan com- 

letely polished. The 14-in. gun was a jacketted and 

00 cast-steel gun as shown in the engraving 
which we publish on page 44 of the present 
number. The length of the tube is 26.25 ft, and the 
length of bore 22.52 ft. The twist is uniform and 
is 52.5 ft. long. The number of grooves is 80, their 
depth 0.8 in., breadth 0.37 in., and the breadth of 
lands 0.18in. The twist of rifling is 630in. The 
weight of gun including breechloading apparatus is 
564 tons, The carriage and slide are similar to 
those used for coast batteries, the height of trunnions 
being 8.76 ft., allows with 6 deg. of inclination the 
firing over a parapet of 6.56 ft. The carriage is 
constructed of wrought iron, and the axles, hydraulic 
cylinders, and slide rolls of cast steel. It combines 
some improvements in construction which are worthy 
of special note, A dial train is connected with the 
elevating apparatus, so that the gunner working the 
crank wheel of the elevating apparatus can take the 
elevation independently. To lay the gun there is 
adapted, at the rear end of the carriage, an elevat- 
ing arc on the platform behind the rear rail, fitted 
with a pointer, By these arrangements sighting 
may be done conveniently and surely during night 
ond in foggy weather. ‘lhe carriage allows 18? deg. 
elevation and 7 deg. inclination. The recoil of the 
gun is checked by the application of two hydraulic 
brakes. The complete carriage weighs, exclusive of 
pivot block and rails, about 33.5 tons. 

The projectiles consist of both steel and chilled 
shelis and long fuze shells 2.8 calibres long. They 
are fitted with two copper rings, the foremost of 
which is used only for castings ; the rear ring is for 
rotating the projectile. The weights of projectiles 
are as follows: 
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' tile without burst. | Weight of Charged 
© ing Charge. jectile. 
Ib. | lb. 
Steel shell 1091.27 1124.5 
Chilled ,, 1140 1157.6 
Fuze =,, 838 904 


The powder charge of the gun has been fixed at 
242.5 lb. for steel and chilled shells, and 275 Ib. for 
fuze shells with which it was expected an initial 
velocity of 1541.6 ft. would be obtained for chilled 
shells, 1558 ft. for steel shells and 1623 ft. for fuze 
shells. 

The splendid exhibit of Krupp forming, as we 
have said, a conspicuous and attractive feature of the 

achinery Hall, was appreciated, not more by 

ousands of experts, for its metallurgical import- 

ice, than by millions of unprofessional visitors 

no could, at least understand, that in stimulating 
mpetition, quite as;much as in making a market by 
his vast outlay on this remarkable trophy, the great 
Prussian steel-maker paid a handsome compli- 
ment to the Americans, on the occasion of their 
Centennial celebration. 


Russian Exurits. 

The iron and steel exhibits of Russia were 
chiefly from three of the most important works, 
although there was in addition to them a considerable 
display of iron ores of various kinds. The Pooteeloff 
Iron Company exhibited a miscellaneous collection 
of metallurgical materials and products, including 
Finnish lake ores in nodules and masses, some of 
which are used for spiegeleisen, also puddled steel 
blooms, Bessemer and Martin ingots and rolled bars, 
and specimens of steel tyres and of iron, steel, and 
stecl-headed and “ phosphorous” steel rails. There 
were satisfactory specimens of cold-bent tyres, cold- 





twisted bars, and cold punched rails, showing good 
quality. An 11-in. conical shell which had punched 
an 11-in. armour plate was shown. It wasmade from 
iron refined in the Bessemer converter, a method of 
producing chilled iron which is claimed to give better 
purification, while the high temperature of the re- 


f | fined iron causes it to retain less slag. There were 


also some models and photographs showing cheap 
and good construction of iron and steel work build- 
ings out of old rails. : 

The exhibit of the Neejing Tagilsk Mining’ Works, 
situated in the Ural and owned by Paul Demidoff, 
the largest Russian ironmaster, was a very creditable 
and extensive display. It consisted of coals, ores, 
Bessemer pig (some of it containing manganese), 
iron and steel (both Martin and Bessemer), bars, 
rails, angles, and plates of large size, also bloom 
and puddled iron, and a systematic series of steel 
samples, The iron and steel test pieces were elabo- 
rately bent and knotted cold, and some 5 in. steel 
angles were bent cold to an internal radius of 4 in. 

The Imperial Works of Kama, Government of 
Perm, exhibited iron plates and corrugated sheets, 
also some large and difficult rolled shapes. One of 
these was of 2 shaped, 12 in. wide across the base, 
104 in. high and 2}in. thick on the head; also a 
beam with a rail head, 14 in. high, 63 in. wide at the 
base, and with a web } in, thick. ‘here were also 
some good-looking finished trunnion rings and 
breech-loading parts for large guns. There were in 
other exhibits some fine chain cables, also wire and 
smaller hardware. 

On the whole, the Russian exhibit of iron and 
steel was a good one, as it showed all the forms 
produced and a fair array of tests of quality ; 
it thus enabled the observer to judge intelligently 
of the facilities of the country. ‘The exhibit was also 
asurprise at least to the more distant competitors 
of Russia, as it illustrated a higher state of the art 
than had been credited to her. 
possession of great natural resources, and of well de- 
veloped facilities of manufacture, together with a 
growing appreciation on the part of her ironmasters 
of the requirements of the period, in the iron and 
steel manufacture. 


“THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.” 
To THe Eprror oF ENGINEERING. 

Srr,—Is not Mr. Head’s “‘ remedy’’ too much like a great 
many other patent medicines, and does it not profess to 
cure too many disorders? Few engines are applicable to 
every purpose, and although one is willing to allow that 
there are a few cases in which four cylinders have the ad- 
vantage, it seems hardly fair, for a man in Mr. Head’s 
position, to run down or even deal with as things of the 
past, all three-cylinder single-acting engines. 

At any rate, if Mr. Head did feel it his duty to make 
known to the world the ‘‘ remedy’’ which, when all ‘‘ other 
means had failed,”’ cured the unfortunate piece of ma- 
chinery at his works at Middlesbrough, he ought to 
have made certain of his facts, and studied his subject a 
little more, before venturing to read the paper on single- 
acting engines which you have lately published. ‘There are 
many inaccuracies in that paper, and it may be well to notice 
a few of them here. Armstrong’s three-cylinder engine was 
by no means the first of its class ; it was only a step in ad- 
vance of a two-cylinder engine patented by him in 1848, about 
which he himself says that he is “only introducing into a 
water engine several things heretofore well known in steam 
engines.”” There had been many single-acting engines in 
existence before that time (three-cylinder engines amongs' 
the number), and all their advantages were well known and 
duly appreciated. Ramsbottom’s three-cylinder engine of 
1871 was very similar to the two-cylinder Ramsbottom 
engine of 1864; and this again was not very unlike an 
engine patented by Want and Vernum in 1848, in which 
the cylinders oscillated on trunnions—serving as distribution 
valves—placed at their ends. Joy, in 1857 (eight years before 
Hicks) originated the idea, I think, of making the piston of 
one cylinder act as the valve of another. As early as 1828 
connecting rods were joined directly to the piston by D'Arcy ; 
and Perkins in 1836 patented the same thing in combination 
with a high-pressure “‘ single stroke engine.’ Itis evident, 
however, from D’Arcy’s specification that he intended to 
apply his ‘‘ vibrating piston rod’’ to single as well as double- 
acting engines. Again, Mr. Head states that a disc or cy- 
lindrical valve was a novel feature in the Brotherhood engine ; 
now as early as 1834 a patent was taken out for an engine in 
which the fluid was distributed by means of a disc valve 
(strangely enough in this case three cylinders were ; 
radially ten ym shaft), but it was not in other respects 
a very practical affair.; Still the circular valve was there, 
and many other valves of that class had been used before 
the date of Mr. Brotherhood’s patent. Mr. Head says that 
‘* Mr. Willans has a convenient method of starting, stopping, 
and reversing by one valve, similar to Hicks.’’ Now Hicks’ 
method of reversing consisted in changing the steam pipes 
into exhaust, and vice versd . a new plan, for it was pro- 
oo by Kaye in 1854, and, I believe, by others before 

im), and a moment’s consideration will suffice to show 
that rather extraordinary ¢ would take place in 
an expansive engine reversed in this way. Let us suppose 
that when the engine is going ahead the steam is 








It indicated the |}, 


+ | In the two instances cited by Mr. Head, the three- 





cut off when the piston has travelled half its stroke, now 
change the steam pipes into exhaust, and we shall find that 
the exhaust does not open till half of the return stroke has 
been effected. In fact it will be seen that this plan cannot 
answer satisfactorily, except in a hydraulic engine, or in a 
non-expansive steam one. Now my method is toc e, 
so tospeak, the valve which tes the inlet and outlet 
of steam to and from the cylinder, and the action of the 
steam is identical whichever way the — runs; nothing 
indeed could be more dissimilar than the two methods of 
“oe further of ine Mr. Head ** Neith 
g er of my engine Mr. Head says, either 
this nor ~ other three-cylinder engine can be made to cut 
off earlier than about seven-eighths of the stroke without in- 
troducing dead points.’”” Now I never make (unless for some 
— purpose) any of my engines to cut off much later 
than } stroke, and I find no difficulty in getting them to start. 
Probably Mr. Head has not considered that I can make 
my connecting rods as long as I like without, as in cases 
where the cylinders are arranged round the axle, lengthen- 
ing the steam passage; the excessively short connecting 
~~ b generally used in this last-mentioned t of engine 
have something to do with the point at which steam may be 
cut off without destroying the starting power. The effect 
of theirregularity due to these short soneeiing rods does not 
seem to have been taken into consideration by Mr. Head 
when setting ont his diagrams, consequently there are 
errors of nearly 20 per cent. in what he gives as the twist 
on the shaft for some positions of the crank. 

Taking these di however as they stand, let us pro- 
ceed to some more important inaccuracies. 

Mr. Head states that the four-cylinder engine only takes 
up the same room as the t' inder one, and it is upon 
this assumption that nearly all bis reasons for preferring 
the former are . Even ifthe assumption were correct, 
it seems to me that it is hardly fair to compare engines in 
this way, because in very few cases would the slightly extra 
space required by an — with proportionately larger 
cylinders and longer stroke be of importance. ould it 
not be better to take two engines of equal collective cylinder 
capacity, and then after comparing their behaviour to state 
which engine took up the least room? I do not believe that 
the four-cylinder engines are more compact than the others, 
although at first sight it_may appear so, for on examination 
of Mr. Head’s drawings it will be seen that, given the dis- 
tance from centre of s' to outside of cylinder cover, he 
has put in about the largest diameter of cylinder which can 
got in when four are used ; if he enlarged them their inner 
ends would foul: but if, instead of four cylinders, we arrange 
only three round the central chamber, we shall find that we 
can increase their diameters by at least one-fourth, and this 
will very materially alter the relative power of the two 
— ; It will in fact give the three-cylinder engine a con- 
siderable advantage. The length of the engine in the direc- 
tion of the shaft will of course be a little increased in con- 
sequence of the larger diameter of the cylinders, but this 
increase in size would not be proportionate to the extra 
area gained in the cylinders. We may fairly assume there- 
fore that an equally powerful three-cylinder engine can be 
= into the same space as the four-cylinder one shown in 

ig. 14, page 36 of your last number. 

his disposes of Mr. Head’s first case. I have not had 
time to set out diagrams myself, but judging from those 
given by Mr. Head, I should certainly say that his second 
case is not made out; for these diagrams show very plainly 
that the strains are more even in Fig. 33 (see 37 
ante) than those in Fig. 31; and we may go further, for 
the strains in Fig. 36 are also more uniform than those in 
Fig. 31. In the former - . 86) the proportion which the 
greatest strain bears to the least is roughly as 1 to 1.77, 
while in the latter (Fig. 31) it is as 1 to "”. 

Mr. Head’s third case we shall come to presently. 

In case four, I scarcely know what Mr. Head means by 
** starting = against the full average load.’”’ I imagine 
that the “‘ full average load’’ is a load equal to the average 
effort of the pistons on the crank, and if this be so, I do 
not see how either of these engines, or indeed any engine, 
can be certain to start against it. For supposing the 
engine to have stopped at one of its weak points, the pres- 
sure on the pistons cannot be equal to the “‘ average load.” 
linder 
engine will, however, have a decided advantage ; for the 
‘*average load’”’ is not so much in excess of the “ least 
effort”’ in this case, as in that of the four-cylinder engine. 

Comparing, as we are doing now, two engines of equal 
collective cylinder capacity, Mr. Head’s fifth case falls 
through al ther, because the motion is more uniform 
with three cylinders than with four ; and the starting power 
or “least effort’? must be greater with the former than 
with the latter ; the total power being the same in both 
cases. The advantages, therefore, of both starting power 
and uniformity of motion are decidedly on the side of the 
three cylinders in all hydraulic and non-expansive steam 


es. 

Mir. Head lays great stress on the cushion which he ob- 
tains on the inward stroke. Now this cushion is, so far as 
I can see, of no use to any part of the four-cylinder engine 
but the main bearing ; as this is an over ing one, the 
strain when the piston is near the end of its inward stroke 
is probably severe ; but as this bearing is made exception- 
ally long, in order, I presume, to stand without undue wear 
the thrust, in different directions, to which it is subj 
as the various cylinders come into play, it would probably 
take the additional strain without serious consequences. 
As the cushion is obtained through the crank-pin from the 
opposite cylinder, it cannot relieve the strain on the con- 
necting-rods ; on the igo G it throws a strain on them, 
which does not exist in the three-cylinder variety, as each 
piston approaches the end of its outward stroke. ‘‘ The 
scraping or wearing away of the connecting-rods ’’ would, 
—s be increased rather than diminished by Mr. Head’s 
cushion. 

Before leaving this question of cushion, I may say that 
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I do not see how Mr. Head can compress the steam left in] stroke than he can. This is not the place, however, to go | Civil Engineers, viz. ‘Repairs and Renewals of Loco- 

his cylinder up to anything like the initial pressure. His | into these matters, so I will merely say that I believe there | motives,” ‘On the Combustion of Vegetable Refuse in 


drawings show clearance spaces amounting to nearly ith 
of the = capacity, but taking them at jth, and sup- 
posing that he works at 601b. pressure in a non-condensing 
engine, he would have to close his exhaust port consider- 
ably before one-half of the outward or ineffective stroke in 
onl te compress 7 to the initial pressure. What the 
diagram would be like then I hardly dare think! In a 
condensing engine it would be impossible to close the 


exhaust sufficiently early to obtain the desired compression. | hi 


The advantage which we may fairly allow, that the four- 
cylinder Brotherhood engine possesses over the three-cy- 
linder one of the same type, is the power of starting with 
a cut-off at }; instead of apr he and I do not doubt that 
this advantage is an appreciable one in some cases. I 
should hardly think, however, that those cases include the 
ordinary run of steam cranes; for there must be very few of 
them in which the above difference in economy would 
warrant the introduction of a fourth cylinder and gear, 
and the extra cost of Mr. Head’s ingeni ting 
rods. This advantage, which is only a real one in a few 
cases, and the relief of the main bearing by the cushion on 
the inward stroke, seem to be the only things in favour of 
the four-cylinder system ; and to balance them we have the 
sacrifice of simplicity, the extra chance of berg. and the 
increased cooling surface. It is scarcely right therefore to 
say that the adoption of three cylinders instead of four 
= a “retrograde movement on the part of Mr. Brother- 

ood. 
It would have been well if Mr. Head had confined himself 
to demonstrating the advantages of one form of the 
Brotherhood engine over the other, for he is evidently 
better acquainted with its details than he is with those of 
certain other single-acting engines—my own amongst the 
number—the defects of whieh * also professes to remedy. 

As I before stated, my own engine will start when 
cutting off, at any rate, before #3 of stroke, and if Mr. 
Head will ome. the capacity of its cylinder clearances 
with those of the type of engine which he advocates, he will 
find, think, that my engine will use no more steam than 
his. In an engine where, as in mine, the pressure on the 
main bearings, as well as that on the connecting rods, is 
always in one direction, such a cushion as ‘that obtainable 
in the four-cylinder varieties would be of no value. 

Mr. Head mentions casually an arrangement of governor 
in connexion with the rotary valve, which he says would 
** act as a variable expansion arrangement.”’ If this is so 
why could not the three-cylinder engine, should it happen 
to stop at one of its weak points, be started with the revers- 
ing lever in full gear, and then, as soon as the difficulty 
was overcome, be linked up and expansion obtained ad lib. ? 
This handling of the lever would only have the same effect 
upon the) valve that a governor, ase long enough range, 
would have ; and if the ‘“‘ variable expansion a: ment ”’ 
werea good one, it would act{satisfactorily in this case, 
and render the addition of a fourth cylinder unnecessary. 
The only reason I can see for this apparent oversight on the 
part of Mr. Head is either that he would have his rin 
the single-acting engine pie, or that he was not satisied that 
the ‘‘ variable expansion a: ement ’’ would be a good 
one. I cordially agree with him if this latter was his reason ; 
but I think he must have been to some extent influenced by 
the former. 

Let us take the case of the Middlesbrough engine, which 
Mr. Head has been dissecting ‘‘ with a view to the advance- 
ment of mechanical science. ’’ This engine would not start, 
what was to bedone? It would not do to alter the valve 
as the reversing gear would not comein. To a merciful 
man it might have occurred to make a new valve anda 
spindle with a finer pitched thread, so that the same stroke 
of lever as before would throw the valve further round with 
relation to the crank. Rather sweeping alterations are re- 
quired to change three cylinders into four, but Mr. Head 
was equal to the occasion, and the unfortunate engine was 
‘*altered’’ as Mr. Head delicately puts it. 

I cannot refrain from saying that the points in favour of 
a four-cylinder engine must be few indeed if it is necessary 
to enumerate among its “ practical ——o the 
slightly smaller arc through which the reversing lever has 
to be moved. 

Mr. Head seems very anxious to find a name for his 
adopted child ; certainly no one will ever call it the 
‘* Head” engine. The paragraph in which Mr. Head “ gires 
it a name”’ reminds me of a verse in the ‘‘ Hunting of the 
Snark.’’ Filling up the cavities with ‘‘ pulverised char- 
coal,’’ coveringjit with plates, and calling it the ‘‘ Octagon,”’ 
sounds very much like : 

‘* You boil itin sawdust : you salt it in glue: 
You condense it with locusts and tape : 
Still keeping one principal object in view— 
To preserve its symmetrical shape.”’ 

But after all, “‘ what’s ina name’? I might put win 
dows inmy engine and call itthe ‘‘ Perpendicular’’ or ‘‘ Early 
English.” Mr. Head seems to think that four-cylinder 
engines alone can be subjected to this s process ; at 
any rate he includes that point among those in which they 
differ from three-cylinder ones. I know of no law in me- 
chanics which renders the enlargement of the flanges of 
three-cylinder engines an impossi ility- Of course it would 
not beso easy to make ‘‘octagons” of them ; but tastes 
differ, and some people might prefer triangles with the 
corners off ; and against the disadvantage peculiar to the 
less symmetrical figure may be put the slight saving there 
would be in cbarcoal. 

I have purposely throughout this letter avoided any 
statements which might be construed into an attempt to 
advertise my own engine. Had Mr. Head applied to me 
for information I could have explained to him the method 
by which we overcome the difficulty of starting against a 





wal bag without any sacrifice of economy ; and I could 
f ve shown him how, where ve 
object, I can obtain a far better 


high speed is an 


ion on the inward 








are many for which my engine is better ada 
than the Brotherhood type with either three or four 
linders, although I am not so conceited as to suppose that 
re are not many cases where that engine is prefer- 
able to mine. . I have cant endeavoured to prove that the 
engine advocated by Mr. Head is not; and can never be, 
such a paragon of perfection as he represents it, that in 
very few cases is it superior to the three-cylinder Brother- 
ood engine, and that even then its advantages are to a 
4 extent neutralised by accompanying drawbacks. 


logising for up so much of your valuable space 
with 28 letter which has necessarily been very hastily 
written, 


Tam, Sir, yours 


Bow, Jan. 17th, 1877. P. Wu. Wriuans. 





MULTIPLE CYLINDER ENGINES. ’ 


: To tHe EpIToR oF ENGINEERING. 

Sr1z,—I have read with great interest the ccrrespondence 
in your valuable journal waating Ss above, and having 
been for many years an experimenter with various t; 
from six to ten horse power nominal, perhaps the results 
of my experiences may interest some of your readers. I 
will pass by the inventions of Hi tt, Pilliner, and Hill, 
Justice’s, Thompson’s, Hall’s, Michell’s, Appleby’s, Dud- 
geon’s, Beale’s, all of which I have examined in action, 
and all of which seemed to work fairly well, but were not 
economical, and I have no knowledge of their having any 
commercial value. 

I will now referto those most prominently discussed in 
your journal, Brotherhood’s and Willans’ three-cylinder en- 
gines, to which I will add West’s yt apes all sage 
acting. Brotherhood’s was a very early example of hi 

tent and the valve arrangements were not then so per- 
fect as now; the consequence was that it was a great 
steam user, but I learn that this is now rectified. 

West’s engine was the next to this, and was one of his 
early make, and had six cylinders 6} in. in diameter and 
6in. stroke. It worked well and easily after some adjust- 
ments, and certainly has no dead points, the thrust in the 
disc by the various pistons in succession entirely prevent- 
ing this, and there is no thump or perceptible a 
in the motion—moreover, the steam can be cut off at any 
part of the stroke, and it can be worked expansively. 

Lastly, I have now one of Willans’ patent, made by 
Tangye Brothers, a small compact engine, which works 
well and is economical as to steam, but which has the de- 
fect of a dead point, described so accurately in Diagram 
25 by Mr. H ; this is also common to Brotherhood’s 
engine. I have managed to get over this by applying a 
small heavy flywheel to the main shaft. 

hese experiments have all been made in a boat 54 ft. 
long and 9 ft. beam, with a screw. 2 ft. 8 in. in diameter 
and 4 ft. pitch. The result of them all is this, that were I 
utting in another engine for comfortable work and use- 
ulness I should go back to the old type, “‘a single-cylinder 
reciprocating engine,’ with its moving parts well thought 
out and also properly balanced, such as the type used b: 
Thornycroft, or if I took another type it would be ‘‘ West’s,” 
as embodying the chief requirement in an engine (equable 
and steady and noiseless revolution) with the least friction. 
Ihave omitted to mention that all these trials were made 
with the same boiler, and with pressures varying from 
10 Ib. to 90 Ib., and with reciproca engines from 10 lb. 
to 500 lb. on the — ah gs oe mention to you 
that some years e a four-cylinder engine very 
much like Hicks’. but the cylinders were Noel en. fly- 
wheel and revolved with it. Itran very well for about fifteen 
minutes, and then flew into pieces; the revolutions were 
about 3000 a minute. Since then Mr. Nicole has contrive 
avery simple two-cylinder engine of the same type; this 
also works well, but the valve faces cut, and hence there 
has been a difficulty not yet surmounted in keeping the 
valves steam-tight. 
I am, Sir, your obedient servant, 
A. SEDLEY. 
London, January 16, 1877. 


INSTITUTION OF MECHANICAL 
ENGINEERS, 
To THE EpIToR OF ENGINEERING. 

S1z,—I was glad to see your remarks as to the pro- 
posed removal of the above Institution to London. I 
would however through your columns impress on every 
member of the Institution the fact that, unless they are 
present, in person at the meeting to give their votes, it is 
useless either signing memorials or expressing 8; path y. 

A section of the members who wish to keep the tu- 
tion a provincial one, have been holding meetings at Man- 
chester under the chairmanship of one of the Council, with 
a view to consider a paper signed by some Bir ham 
manufacturers containing their reasons in favour of the 
latter town. This meeting, I see by the Times, was an 
utter fiasco, and a large majority were in favour of remoy- 
ing to London. However, proxies are no good, and it is 
no trouble for Birmingham members to walk across the 
strect to be present ; therefore, as you say, let the members 
who live in don, Manchester, and elsewhere, be present 
at the meeting. ; : : 

To this end I understand, special trains will leave both 
London and Manchester at times of which due notice will 
be given in the daily papers; by this means we hope to 
counteract the possibility of such a scandal arising, that 
owing to no trains being available the fifty-nine Birming- 
ham members, and those living in the , may thus 
thwart the wishes of the vast majority who are known to 
be in favour of removal to London. 

M1I.M.E. anv Assoc. Inst. C.E. 

P.S.—The subject matter of three papers, now either 
under discussion or about to be read to the Institutian of 
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y however, I have abstained from 


ed | issued during th 





Steam Boilers,’’ and on the m of Power by 
Water Pressure and other Motors,”’ more than prove the 
justice of your remark, that members of the Mechanical 


er 

itution of Civil le 
was afforded by Mr. J. Robinson, of Manchester, who, al- 
though a member of the Council of the Birmi 
read as pare on locomotives, surely a 
paper, before the Civil Engineers. 


BESSEMER STEEL MANUFACTURE IN 
AMERICA, 
To THE EprTror oF ENGINEERING. 
Srr,—Being a constant reader of ENGINEERING I beg 
you to grant me ‘a few lines of your valuable journal for 
some personal remarks. In your issue of, December 15th 
pete ee aed a ea 
vi ore the American i i a 
‘* On the History of the Bessemer Manufacture i 
Acknowledging the correctness and good 
Hunt’s interesting relation, I 
report on gose 532. on the Clevelan 
Company’s Steel Works, at Newburg, that I was con- 
nected with, which =r to the erroneous su; ition 
that I came from Austria directly to America, whereas I 
only spent some time a year ore at the then new 
Bessemer Works in Styria and Karinthia, in commission 
of the Wurtemberg Government, and ea iy / before 
going to America had Sacgpereniy, through the 
of Mr. Henry Bessemer, of a protracted stay at his works 
in Sheffield in the summer of 1866. It is that from 
Newburg, in Ohio, I followed a vocation to Hun Mr. 
J. Thompson having been long before desi for the 
management (never coveted by me) of the Newburg Steel 
Works, which then were very mene courant, and which 
I left in quite friendly relations with Mr. Thompson. 
business in Hi , the first out of a new blast 
furnace plant in ‘Eracaylvania, was of short duration, and 
I afterwards undertook the construction of new Bedsemer 
Works at Dortmund and at Hattongen-ce-the re in the 
russian ony Westpkalia, which in produ comes 
very near to the American ts. These last three > 
C the 
uence of the 


ing an active part 
Sone of the Bessemer process, 
lepressed state of the iron and steel here and 
far too many steel 


elsewhere, there being now in Germany 
works for the wants of the Fate 
ours pnpeetally. 
H. Guurn, Engineer. 

Stuttgart, Germany, January 11, 1877. 

Tue MeTEoRoLoaicaL SocreTy.—The annual general 
meeting of this society was held on Wednesday, the 17th 
instant, at the Institution of Civil ineers, Mr. H. 8. 
Eaton, M.A., President, in the chair. ‘he Council in their 
songrote that tied berm sng tag Socsiehy Gateageabapline 
progress e y during the year. 
Lhe first point on which they t ht there was reason for 
congratulation was the publication in their journal of the 
daily observations taken at Hawes and Strathfield Surgies, 
and of the monthly abstracts of the observations at thir- 
teen other stations. The increase in the number of Fellows 
was considered worthy of special reference, as it is an in- 
dication not only of the vitality of the society, but also of 
the advance which meteoro! is now making amonae the 
professional and general public. They also refi with 
much satisfaction to the enlargement of the quarterly 
eae as well as to the — of the — of the 
i and of the list of Fellows, which have both been 
They drew special attention to 
the report of Mr. Symons on the new stutions which 
have been inspected and brought into relation with the 
— yi, The “ane ial position, ap a _ —_ 
outlays during the year, was very je e 
contained the very interes discussion by the Rev. T. 
A. Preston, M.A., of the observations on natural periodical 
phenomena. 








ie year. 





Frees IN THE MeTRoPOLIs.—From the report for the 
Your TN, jak gee ee tan Board of 

orks, by Captain Shaw, it a that the number of 
calls for the year was 1787. Of 1 were false 


a 


64 due to chimney alarms, and 1632 were calls for fires, 
which 166 resulted in serious and 1466 in slight 
Compared with 1875 the fires show an increase of 103, 
compared with the average of the last ten years, there is 
an increase of 42. The of serious 
shows that the success in my | 
same as in 1875. The number of fires in which life 
sa Pe) was 72, and in which poe 4 ber lost, 29. 
e number of persons serious! | 
of whom 88 were saved and 35 fost. Of the latter 
taken out alive, but died afterwards, and 12 were suffocated 
or burnt to death. The number of calls for chimney fires 
was 4325, of which 1420 were false . The number 
of journeys by the fire engines of the 49 land stations was 
7445, and the distance run 23,120 miles. The quantity 
of water used for exti ing fire during was 
estimated at 21,166,178 gallons, or about 94, tons. 
During 1876 there had been six cases of short supply of 
water, 24 of late ai of turncocks, and 1 no 
, making 40 cases of deficient water 
ments. The strength of the at the end of the 
was, 49 fire engine stations, 107 fire escape stations, four 
a 56 telegraph lines, 1011 of those lines, 
bs a Sa ae are Laas ak eas Oe Ge 
a land steam engine, five steam $ 


B 


21 small land steam tym 14 7-in. 

ines, 58 6-in., 20 under 6 in., 136 fire escapes, and 
400 firemen, of whom 277 were in attendance during each 
24 hours daily. 
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DETAILS OF GASHOLDER AT THE BERLIN GAS WORKS. 
CONSTRUCTED BY MR. J. W. SOHWEDLER, ENGINEER. 
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Tue practice of enclosing gasholders within buildings, 
though not followed in this country, is common in the 
United States and on the Continent. We publish this 


week engravings of a good type ef this class of struc- 
ture, constructed at the Berlin Works. These works, 
established in 1846, are about to be enlarged to a capacity 
of 6,000,000 ft. per 24 hours. These works are laid 
out on a piece of ground insufficiently large for the 
construction of gasholders capable of containing the 
desired amount, that is, 70 per cent. of this daily produc- 
tion, and new property has therefore been acquired on which 
these new holders will be erected, two to contain 1,060,000 
cubic feet and one 833,000 ft. The first of these holders 
has been only recently completed. The diameter of the 
tank is 179.1{t., and its depth is 25 ft. On account of 
the difficult nature of the ground, the tanks for the 
greater part of their height had to be constructed above 
the ground level, and this involved a heavy extra expense. 
The holder is enclosed in a circular brick building 184 ft. in 
diameter, covered by a light roof, the details of which are 
shown in our engraving. The roof, which is of the same 
type that has been employed for a long time at the Berlin 
Gas Works, is 180.1 ft. in diameter and 40.1 ft. rise in the 
centre. It is supported by a series of rafters converging 
from the point of springing, where they are spaced 
17.25 ft. apart to a central ring. The form and details 
of construction of these rafters are shown clearly in the 
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drawings. At the base these rafters are rivetted to a 
ring of double angle irons, resting on a wall plate, and 
provided with adjustable screws, as shown. The central 
Ting is of plate and angle irons, as shown at detail No. 1 
and the details of lantern ring. At intervals on each rafter, 
as indicated by Nos. 1 to 7, plates are rivetted to the top 
member of the rafter, and angle iron rings are also rivetted 
as shown. The plates form the points of attachment for 
a system of cross bracing of rods 1 in. in diameter, except 
in points 1 and 2, where there are bars 2% in. by # in., 
which meet in a flat ring in the centre of each panel, and 
are adjusted by nuts. Wooden purlins rest at small in- 
tervals upon the rafters, and carry roof boarding which is 
covered with felt. The centre ring, which is 24.7 ft. in 
diameter, carries a wooden framed lantern furnished with 
windows and ventilators. The whole of the roof, with 
the exception of that part comprised between points 6 
and 7, was rivetted together on the ground and then 
raised by means of tackle attached at 32 points around its 
circumference. When it had been lifted to a higher level 
than it was ultimately designed to occupy, it was securely 
blocked up, the remainder of the roof was added, and 
it was then lowered into place. The total weight of iron- 
work is 66 tons. The weight of the roof is about 14} lb. 
square foot, and it is calculated to carry a of 
50} Ib. per foot besides its weight. The cost, including 
erection, was 17987. ’ 


On the upper part of our ore-age engraving, and 
on the present page, we publish details of the 
gasholder itself, and which are so complete as to 
need no description. The whole of the work was 
designed by Mr. J. W. Schwedler, of Berlin, and 
we are indebted to our contem the Zeitschrift 
Sir ane for the illustration and particulars we 
pub 





YARROW’S LIGHT-DRAUGHT STEAMERS, 

Messrs. Yarrow and Oo., of Poplar, have lately made 
a ialty of very light-draught paddle-wheel steamers, 
built of steel, and drawing from 8 in. to 16 in. of water. 
Some of these vessels are propelled with stern wheels, 
but most of them are fitted with side wheels. One of 
the latter class we illustrate on page 45. The dimen- 
sions of this boat are as follows: length, 75 ft.; beam, 
11 ft.; depth, 8 ft. 6 in.; draught, 12 in. The hull 
is built entirely of Bessemer steel, and the boiler, 
which is of the locomotive type, is also of steel, 
as most of the working parts. The engines, which 
are inclined, and on each side of the boiler, have 
cylinders 9 in. in diameter, and 2 ft. stroke. The 
working steam is 120 lb., and the heating sur- 
face of the boiler is 200 square feet. The design of the 








vessel and the workmanship are alike commendable. 





5° 


ENGINEERING. 


[Jan. 19, 1877. 





THE MAINTENANCE OF LOCOMOTIVES. 
Tue sixth ordinary ing of the Institution of Civil 
i for the session 1876-77, was held ‘on Tuesday 
evening the 16th of Jan , Mr. George Robert Stephen- 
son, the President, in the chair. 
The paper wees “The i 
motives, oa 
tated thas the 
the 


and 
efficient order, depended chiefly on the 
age of . The a cost on six of the princi 
railways, from 1866 to the of 1875, was nearly 3.16d. 
per train mile, of which about 1.56d. was for , and 
about 1.60d. for’materials. A'minute analysis of the cost 


NOTES FROM THE NORTH. 
Giasaow, Wednesday. 
Pig Iron Market.—On Thursday last the 

of the mark bosses: Gacitndly, yout, and sales were 
moderate at 57s. 10}d. one month fixed to 57s. 9d. one 
month open. The market was very unsteady on the follow- 
ing day, and prices further receded to the extent of 4d. 
per ton. Business opened at 57s. 74d. one month to 57s. 6d. 
‘ourteen days, and 57s. 5d. cash, closing in the forenoon 
sellers at 57s. 6d. fourteen days, and buyers 57s. 44d. cash. 
In the afternoon prices farther receded from 57s. 6d. to 
57s. 44d. one month, and 57s. 3d. cash, sellers remaining at 

reduction of from 6d. to 1s. per ton was 
made in makers’ prices, and warrants closed 7d. under the 


final quotations of the meting week. On Monday fore- 
neon the market soennd tah, and a large business was done 


types | in warrants at lower prices. Coating at 57s. prompt cash, 
; | an extensive business was done up to 57s. 14d., closing with 


engine. i dimensions of these engines 
were shown in the annexed Table : 





Class 3. 


. | Class 2. 
in. | ft. in. 

















The general results of the working of each class of engine 
was given for the year 1875. Class 1 took an average 
of about 8.5 carriages, anda maximum load of 21 carriages, 
ata ar of from 30 to 38 miles an hour, with a consump- 
tion o' ne of coal aes ine mile. The a aS of 
repairs (shop expenses exclu was .986d. per mile, from 
the time the engines commenced ing, and the engines 
had run am average distance of 48,748 miles in the intervals 
between repairs. Class 2 took an average load of 
about 7 carriages and a maximum load of 25 carriages, at 
speeds ing from 26 to $2 miles an hour, with a con- 
sumption of 28.36 1b. of coal per engine mileg The net cost 
of repairs had been .809d. mile, and the average mileage. 
had been 54,635 in the intervals between general repairs 

about 30 wagons, 

iles an hour, with a 
The net cost for i 


repairs ‘or 
showed that the most cos-ly materials for renewals had been 


beiler-plate. tubes, co} , wheels, axles, and tyres ; 
and hich ey for repairs were tyres, 

ings, fire-bars, axle-boxes, and brasses. The tyres 
terials, the cost for 


Thali 


buyers at the higher price, sellers asking 57s. 2d. Flatness 
was again the rule in the afternoon, with business done at 
57s. cash, closing buyers at that price, sellers asking a shade 
more. Coltness No. 1 was reduced in price 1s. per ton, 
and No. 3, 6d. og ton, and several other makers reduced 
their prices by 1s. per ton. Yesterday’s market opened 
flat in the forenoon, when warrants changed hands at 57s. 
cash, but the r steadily improved to 57s. 3d. cash, 
closing buyers at the latter price, sellers asking 57s. 44d. 
Business was also done at,57s. 3d. to 57s. 5d. one month open. 
There was a steady market ong Aap afternoon, with 
business done at 57s. 44d. and 57s. 5d. one month, closing 
sellers 57s. 4$d., buyers 57s. 3d. cash, A reduction of Is. 
per ton was demanded in the price of No.1 Glen ock 
and 6d. per ton on Carnbroe No.3. The marke opened 
this forenoon with business done at 57s. 14d. cash, improving 
to 57s. 2d. prompt and 57s. 34 fourteen days, closing sellers 
57s. 8d. cash, buyers 57s. 2d. The afternoon market was 
idle, no business was reported, and prices remained un- 
altered from the forenoon closing quotations. Last week’s 
shipments amounted to 6501 tons, as against 7105 tons in 
the corresponding week of last year. 

The Scotch Blast Furnaces.—For a number of days in 
the early part of this month eight of the Gartsherrie fur- 
naces were out of blast, but they have since been blown in 
again, thus bringing the number in operation back to 116, 
as compared with 114 at the same time last year. 


The Manufactured Iron Trade. — Manufactured iron 
continues to be in demand. Prices are well sustained, 
and since the termination of the holidays most of the roll- 
ing mills have been employed to their utmost capacity. 


Institution of Engineers.—The usual monthly meeting of 
the Graduates’ Section of the Institution of ineers in 
Scotland wae held last week, Mr. D. C. Hamilton ident, 
in the chair. Papers were read by Mr. John Mayer, 
on ‘‘How Siemens Steel is Made,” and by Mr. Peter 
Dewar on “ Phosphor Bronze.’’ The discussions on both 
these papers were held over till next meeting. 

The Patent Laws—aAt the last meeting of the Philo- 
sophical Society of Glasgow, the President, Sir William 
Thomson, submitted a statement with to the pro- 
posed amendment of the Patent Laws. e said that the 
members of the society would recollect that last year a 
committee was appointed on the Patent Laws. That com- 
mittee drew up a petition which was adopted by the society, 
and with their sanction forwarded tothe Lord Chancellor 
and circulated largely among members of Parliament. The 
— rayed for the amendment of the Lord Chancellor’s 

tent aw ar eager whe Bill _— before My — which 
was subsequently wi wn. According ey were in 
the position of looking forward to the introduction of a 
somewhat similar Bill next session. Now, as it was thought 
probable that the Lord Chancellor would draw up the Bill, 
8 peg = onto they a ey oy soe 
his lordship, begging hi ring in a Bill doing the things 
set forth in the society’s petition to the Houses of Parlia- 
ment, the gentlemen who formed the committee last year 
had drafted a memorial to the Lord Chancellor, the sub- 


. | stance of which was that they should ask for a reduction of 


the stamp rose | on patents, an extension of the time for 
which a patent is granted, and the abolition of a certain 
inconvenient form in connexion with the notice to proceed, 
which was found b 
a formality that n 
patent, which was pers neat : 
points were formerly considered the society : 
thing was overlooked—namely, that the demand for a 
reduction of fees was in strict accordance with the re- 
port of the Select Committee of the House of Commons 
on the —— made in 1872. The amount of m 

in fees for a patent was 175l., and nobody coul 


axle | say that that was an amount adjusted so as to encourage 


ees 


inventors to make known their inventions. There was 


——_—_—_——————— 
NOTES FROM THE SOUTH-WEST. 
Fish Torpedoes.—As the Agincourt, ironclad, now in 
dock at Keyham, is to carry the fish torpedo of 
her = a the constructors and he tecten 


ceed to Portsmouth, for the purpose of making themselves 
hly acquainted with the torpedo fitti of the 
Thunderer. oe ne 

The Cyfarthfa Works——A deputation from the colliers 
formerly art at the Cyfarthfa Iron Works, again 
waited upon Mr. hee | on Saturday to! learn the result 
of his promised co: n 
to some of the m ing re-employed u 
The deputation was informed that the works could not be 
reopened at the present price of iron, but a hope was held 
out that when some settlement of the Eastern Question had 
been arrived at trade would revive sufficiently for the works 
to be restarted. 

_ New Light for the Bristol Channel.—The fact that a 
lighthouse on Morte Stone would cost 50,0001., whilst one 
on Morte Point or Bull Point, would cost only 9000/., will 
account for the preference given by the Trinity Board to 
the latter site, for the best and most reliable nautical opi- 
nions are in favour of a light on Morte Stone, as com: 
either with Morte Point or Bull Point. If the Bristol 
Channel memorialists are right—as, from their intimate 
knowledge of the locality and of the wants of the naviga- 
tion they may be fairly taken to be—it is better to expend 
50,0007. upon a work of unquestionable public utility than 
to throw away 90001. upon a comparatively useless under- 
taking. 

Trade in the Forest of Dean.—The Forest of Dean coal 
trade is in an unusually depressed condition. Several hun- 
dred colliers and miners in the district are out of work in 
consequence of the floods. The pig-iron trade is healthier 
than it has been previously for a considerable time, and 
stocks are down. 


The Abersychan Works.—There is some prospect of the 
works at Abersychan being partially reopened shortly. 
The fact that men are about to begin repairing two of the 
blast furnaces has led to the rumour that work is to be 
resumed. 

Colliers at Llanelly.—An early termination of a colliers’ 
strike at a is anticipated, owing to a division among 
the men, some of whom have omnael to resume work at a 
5 per cent. reduction. 

The Boilers of the Danw.—The Danz, 12, corvette, 
which was commissioned in September, 1876, for service in 
the East Indies, has left Portsmouth for Sheerness, to have 
her boilers removed and to be fitted with other boilers. At 
present the Danz has boilers constructed on Admiral 
Cochrane’s plan, and, either from fault in design or in con- 
struction, they seem to have completely failed. 


Iron Ore Imports.—The import trade in iron ore con- 
tinues to improve at Newport, and it is reported that large 
contracts for Spanish ore have been concluded. The steam 
coal trade is quiet. 

Coal Prices and Wages.—The Forest of Dean colliery 
——_ and managers held a special meeting on Wednes- 

y on the price of coal and wages, and decided neither to 
alter the one nor disturb the other. 


Ebbw Vale Steel, Iron, and Coal Company (Limited).— 
Mr. Fry, Q.C., took the opinion of the ter of the Rolls 
on Monday as to whether the Ebbw Vale Steel, Iron, and 
Coal Company, constituted in 1868 with a capital of between 
—_—- . = nae my — —— > ey oe —_— 
under the Companies Act, » the obj i 
dividends on the real capital and not on the ae Aad = | 
The Master of the Rolls said no doubt it would be very 
desirable if this could be done, but as he construed the Act 
it was not competent for the court to sanction the reduction 
The summons was, therefore, disc 


ence with his agent, with a view 
m the works. 








Tue InstITuTIon oF Crvit Enerngers.—At the first 
meeting after the Christmas recess, held on Tuesday, the 
16th inst., Mr. George Robert Stephenson, President, in 
the chair, it was announced that the Council, acting under 
the provisions of the bye-laws, had recently transferred 
Messrs. Charles William Archibald, Resident ineer, 
Surrey Commercial Docks, Rotherhithe ; George Hunter 
Tait, Ex. Eng. P.W.D., India; William Barrow Turner, 
Barrow-in-Furness; Howard Unwin, Ex. Eng., P.W.D., 
Bengal ; and-Robert Wingate, Westminster, from the class 
of associates to that of members ; and had admitted Messrs. 
Edward William Anderson, Hugh Robert Blackburn, 
Joseph Leslie Cotton, William Thomas Dunsdon, Charles 
Gill, Edward Hamilton, Frederick James Hethrington, 
Daniel Macalister, Robert Francis Pi 
Hugh Cecil Robinson, Hubert le Ga; 
mers, Herbert Summer, 

James Wallace, Jun.. Robert Henry Willis, Arthur Henry 
Wilson, and Alfred Wortham as students of the Institution. 
The mon’ ballot resulted in the election of sixteen candi- 
dates, viz.: Mr. Charles Frederic Green, Office of Public 
Works. —— oosene 3 one ~~ > moe a 
Barclay, Penzance ; bourn ewport, Mon. ; 
Walter Henry Cobley, Stud. Inst. 0.E., Assistant Engi 
Natal Government Railways; James Geo 
Creighton, Montreal; Thomas H Eagles, M.A., L 
turer in Architecture at the Ro: Indian Engin g 
; William Theodore Foxlee, 


mith, 
orks ; 


Resident sg, aoe of the Leith Wi 
and Arthur James Hamilton Smythe, B.A., Midland Great 
Western Railway, as associates. 
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CONSTRUCTED BY MR. J. W. SCHWEDLER, ENGINEER. 




















GASHOLDER AND ROOF AT THE BERLIN GASWORKS. 
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NOTICE TO AMERICAN SUBSORIBERS, 
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ENGINEERING in the United States, and all subscriptions for the 
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NOTICE OF MEETING. 
THE INSTITUTION oF CIVIL ENGINEERS,—Tuesday, January 23rd, 
at8p.m. Discussion on the “Repairs and Renewals of Locomo- 
tives.” 
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COAL CARGOES. 

In a recent article (vide page 11 ante) we de- 
scribed briefly the circumstances under which 
the Royal Commission was appointed to inquire 
into the spontaneous combustion of coal in shi 8, 
and mentioned some of the results of that 
inquiry. We were compelled, however, at that 
time to pass over some of the most striking 
facts elicited, and we now gladly return to the 
subject, -The Commissioners in the course of 
their inquiry found themselves called upon to 
consider the subject under the following heads : 
1. Descriptions of coal dangerous for shipment 
on long voyages; 2. The breakage to which coal 
is subjected by the various methods of loading 
employed at the several ports; 3. The effect of 
moisture; 4, The through ventilation of coal: car- 
goes; 5. The providing of means for testing the 
temperature of coal during the voyage; and 6. 
The question of explosion in coal cargoes. 

On the first head the Commission say, ‘ There 
can be no doubt that certain kinds of coal are of 
such a quality as to be entirely unsafe for shipment 
at all, while other kinds should only be shipped for 
short voyages, and under circumstances of great 
 aayanene- 8 and the evidence on this point given 

y several of the witnesses was very strong. One 
witness says, ‘‘ We know that some coals will even 
take fire on the wharf if kept in too great a quan- 
tity. In fact, if you have only ten tons of coal from 
some of the veins it will take fire.” -He had proved 
it himself, and attributed the dangerous nature 
of such coal to the impurities contained in it. 

- large Ay the _—, ory Commission is 
n up by the secon the inquiry, the 
breakage of coal. A belief had geaveued ‘vary 


‘is the fourth, on “ t 





vessels were laden under the ‘‘ tips;” the coals 
being shot into the holds from considerable heights, 
and becoming broken, allowed, it was said, consider- 
able quantities of gas to escape, and thus contributed 
to explosions and to spontaneous combustion. So 
important did this question of the bre of coal 
in loading seem to the Commission, that they 
thought it desirable to visit the chief goal sbiapins 
ports and inspect for themselves the working of the 
various systems. The report contains no less than 
eleven diagrams showing different methods of load- 
ing in use, with detailed descriptions of them. These 
will be interesting to many who have not had op- 
portunities like the Commission of visiting all the 
ports and comparing the different systems. The 
report says: ‘In each system the fall of that por- 
tion of the coal which is first put on board, espe- 
cially in large and therefore deep ships, is very con- 
siderable, and the consequent accumulation of small 
and crushed coal under the hatchways has, we 
believe, in many cases promoted spontaneous com- 
bustion,” : 

Experience has shown that spontaneous combus- 
tion generally originates under the hatchways, 
and the accumulation of small coal at this part, 
arising from the various retrae of loading, has been 
credited with this result, The evidence goes strongly 
to recommend the building up of a cone of large 
coal under the hatchways by means of boxes or 
baskets “in order to break the fall of -the coal, and 
disperse the small coal as it comes down the spout,” 

n the effect of moisture in irra spon- 
taneous combustion there appeared to be consider- 
able difference of opinion, Some witnesses regarded 
moisture as the chief cause of the disasters, and 
there can be little doubt that under certain circum- 
stances the effect of moisture would be most 
pernicious, but it was conclusively proved that 
wetting is active in promoting combustion only in 
certain kinds of coal, more especially those contain- 
ing pyrites, and the Commissioners add that ‘ the 
statements of some of the witnesses lead to the 


-impression that moisture had been credited with 


cases of combustion beyond the sphere of its opera- 
tion. ” 
¢ By farthe most iniporans head of inquiry, howeyer, 
rough ventilation,” and on thi 
the Commissioners say with justifiable pride, ‘ If 
this had been the only question ritaered to us, the 
urgent need for this inquiry would have been com- 
pletely demonstrated by the result,” 

The witnesses were entirely at sea on the matter, 
and had it not been for the scientific inquiries of 
Dr. Percy and Professor Abel the Commission 
would have had no little difficulty in coming to any 
decision on the matter. Some of the witnesses 
were thorough advocates of ventilation, while others 
opposed it, but it is quite clear that neither side 
understood the conditions under which spontaneous 
combustion occurs, There appeared to be a great 
tendency to confuse spontaneous combustion with 
explosions of coal gas, Many shipowners, masters, 
and pr who did not believe in ventilation, but 
who “thought it could do no harm,” ventilated 
their ships to satisfy the underwriters and other 
interests concerned. We have before alluded to the 
findings of the Board of Trade inquiries which in- 
variably took the form of a recommendation in 
favour of better ventilation; and we have quoted 
the statistics furnished by the Commission showing 
that vessels that had been ventilated suffered from 
combustion more frequently than unventilated ships. 
Let us now examine the irable and lucid report 
made by Professor Abel and Dr, Percy. 

They state that the spontaneous development of 
heat in coal is due to chemical changes produced by 
atmospheric oxygen in ‘iron pyrites (and possibly 
some other combination of sulphur), and some 
carbo-hydrogen compounds forming part of the coal 
itself, which are comparatively reaility oxidisable.” 

Tron pyrites, or disulphide of iron, exists in some 
form or other in almost every description of coal. 
One of the commonest forms of it is known as 
‘ brasses,”” This pyrites absorbs oxygen from the 
atmosphere, and its oxidation is accompanied by the 
development of heat, and it is stated by the autho- 
rities to whose report we refer—and no. highcr 
authorities exist—that ‘ coal, through which pyrites 
are disseminated, may become heated to the point 
i — by the oxidation of pyrites disseminated 

rough it, 

The presence of moisture in the air it is said 
promotes the oxidation of. pyrites, apparently by 


this | surfaces to its action, and 


’ 
and similarly moisture in coals through which pyrites 
are By gous romotes the oxidation <s the 

by bringing the atmospheric oxygen, which is 
dissolved by yey com iene intimate contact 
with, the oxidisable i Pyrites, they say, 
appear to be ‘‘ the only sulphur combinations 
‘occurring in coal which by their oxidation, promoted 
by the presence of moisture and. by. mechanical 
conditions favourable to the accumulation. of the 
heat developed by such oxidation, are liable to 
give rise to the so-called spontaneous ignition of 
coal,” 

From the evidence of several of the witnesses it 
appears that within the last two or three years, 
owing to the Mines Regulation Act which restricts 
the labour of children, a.great many who were 
sosmerly employed in cleaning and selecting the 
coal and picking out. the ‘‘ brasses” are no longer 
ayailable, and hence coal cargoes now are said to 
contain more pyrites than formerly, and are conse- 
quently more liable to spontaneous ignition. 

But there is another im t source from which 
spontaneous development of heat may arise, apart 
from pyrites, that is pointed out and explained by 
Dr, Percy. and Professor Abel, They say carbon 
in a finely divided or porous. condition has the 
property of absorbing and condensing within its 
pores large volumes of certain gases, among which 
is oxygen, and this condensation is attended by the 
development of heat, This heat facilitates the oxi- 
dation of the carbon, a chemical. process which also 
develops heat; ‘‘the latter is accelerated as heat 
accumulates, and chemical action is thus promoted, 
and may, in course of time, proceed.so energetically 
that the carbon or carbo-hydrogen particles may be 
heated to igniting point.” . Illustrations. are given 
from the experience gained in powder mills where 
finely divided c' , when exposed to the air, has 
ignited from this cause, and other instances. of 
spontaneous ignition equally conclusive are referred 
to. And in reference to the effect of this action on 
coal they say: ‘‘The more porous and readily oxi- 
disable portions of coal, which are, known.to be 
more or omlergely disseminated through seams from 
different localities, undergo oxidation by absorption 
of atmospheric oxygen, and by the exposure. of large 

e heat developed. by 
that action will develop under favourable. conditions 
to such an extent as soon to hasten the oxidation 
and the consequent elevation of temperature, until 
some of the most finely divided and readily inflam- 
mable portions actually become, ignited.” 

i Ganger is obviously greatest in accumulations 
of small coal, and is distinct altogether from the 
danger arising from pyrites being distributed among 
the coal. .It has been shown above. that moisture 
provivves heating when pyrites is present, § Moisture, 

wever, does not promote ntaneous ignition, 
when due to the oxidation of carbonaceous sub- 
stances in the coal; on the contrary, it is said these 
portions by becoming wet. would have their pores 
more or less filled by water, and their power of 
absorbing. oxygen would be proportionately di- 
minished 


The conclusions drawn from the above reasoning 
is that any system of through ventilation practicable 
on board ship, could only tend to afford a fresh 
supply of oxygen, and so promote the development 
of heat, and hasten ponents ignition. It is 
pointed out that the only possible good that could be 
aimed at by through ventilation would be by a free 
circulation of cool air passing rapidly throughout the 
body of the mass of coal to cause a rapid abstraction 
of the heat as it was being developed by chemical 
changes, As this is impossible, or at least im- 
practicable, in a coal cargo, it is better to exclude 
the air as much as possible from the interior of 
the body of the coal, and Professor Abel and Dr. 
Percy arrive at the conclusion (which is concurred 
in by all the members of the Commission) “ that it 
is inadvisable to attempt through ventilation of 
cargoes in coal-laden ships.” 

n the subject of testing periodically the tempera- 
ture of coal cargoes, the Commission give asummary 
of the evidence and encourage the frequent. use of 
thermometers to test the degree of heat. This is 
satisfactory, as such a practice, while being free 
from any special objections must, have a beneficial 
tendency in keeping the minds of those on board 
directed to the state of the cargo, and would pro- 
bably tend towards an early discovery of any ab- 





normal development of heat, 
The Commission condemn the proposals that have 
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been made for applying carbonic acid gas to ex- 
tinguish fire in coal — on the ground that 
although it might be ul in excluding atmospheric 
air it could not exert a very sensible cooling effect, 
which, as they say, is a point of vital importance in 
aconsiderable mass of ignited coal. They are of 
opinion that water and steam are the only agents 
practically available for the purpose of extinguishing 
fires in coal cargoes. 

The only remaining point, viz., explosions, is like 
‘‘ through ventilation” well and thoroughly disposed 
of by the Commission. It is pointed out that explo- 
sions have nothing in common with spontaneous 
combustion. The latter is a gradual development 
of heat in the body of the coal, and needs the aid of 
no external flame or fire. Explosions, however, 
cannot occur spontaneously, but must he brought 
about by the approach of a light. When coals are 

ut on board a ship, and especially if they are fresh 
rom the pit, and broken much in stowage, gases 
escape, and the chief inflammable constituent is 
marsh gas, which, when mixed with a considerable 
volume of air, becomes explosive; and this it is 
which leads to explosions in freight or stores as 
well as in collieries. This is extremely light 
and rises to the surface rapidly, and surface ventila- 
tion is recommended so as to a current of air 
over the coal, and immediately into the open air, so 
as to accelerate the escape and removal of this in- 
flammable gas. 

As an illustration of the light thrown upon the 
subject by the Commission we might compare the 
foregoing explanations with the following extract 
from the evidence of a gentleman employed by the 
Board of Trade as an assessor on no less than four 
of the inquiries into the loss of coal-laden ships. In 
reply to the question ‘‘As to green coal, how does 
that produce spontaneous combustion?” he replied, 
“* When it is wrought from the pit it is full of gas ; 
if it is exposed to the atmosphere previously to 
being shipped, some of that gas is emitted that 
would be otherwise retained, but when confined it 
becomes dangerous and ultimately heats.” Here, 
as the Commissioners point out, is evidently a con- 
fusion of ideas, and spontaneous combustion 
and explosion have got hopelessly mixed up to- 
gether, so that it is not surprising the several 
official inquiries which took place before the 
——= of the Royal Commission failed to 
elucidate the matter, or that their decisions were 
‘* disregarded both by shipowning and underwriting 
interests,” 

The Commissioners sum up their recommendations 
as follows : 

‘¢], That certain descriptions of coal are intrinsi- 
cally dangerous for shipment on long voyages. 

“9. That the brea of coal in its transport 
from the pit to the ship’s hold, the shipment of 
pyritic coal in a wet condition, and, especially venti- 
lation through the body of coal cargoes, conduce to 
spontaneous combustion, even though the coal may 
not be unfit for conveyance on long voyages. 

«3. That spontaneous combustion in coal cargoes 
would be less frequent, if re were had by ship- 
owners and underwriters to these facts, 

‘*4, That when coal is beingcarried on long voyages 
the a in the various portions of the cargo 
should tested periodically by thermometer, and 
registered in the log. ; 

“5. That, with a view to guard against explosion, 
free and continous e to the open air, inde- 
pendently of the hatchways, should be provided for 
the explosive , by means of a system of surface 
ventilation, which would be effective in all circum- 
stances of weather, 

“6, That in order to make known the circum- 
stances of coal liable to combustion, the inspectors 
of mines should be instructed to hold inquiry into 
all cases of spontaneous combustion occurring in 
cargoes of coal taken from their respective districts ; 
exporters being required always to record on their 
ren gman the denomination of the coals forming 

e re 

«7, That an additional legislation with reference 
to the conveyance of coal by sea is required, unless 
for the purpose of giving effect to our proposals with 
regard to the inquiries by inspectors of mines, and 
to the fuller specifications of coal entered outward at 
Her Majesty’s Customs, ” 

The first five of these conclusions are incontestable, 
but the recommendations contained in the last two 
paragraphs are more or less to question, and 
it is we should say doubtful whether they will ever 
be brought into practice. At nt there is one 
inquiry held into the loss of the ship. It is not 


likely that another separate inquiry into the same 
event will be provided. There is no doubt it would 
be well to obtain the fullest possible information 
about the particular descriptions of coal most — 
to spontaneous ignition on board ship, and probably 
no one could assist in this better than the Govern- 
ment inspectors of mines, but we would venture to 
suggest that their services should be secured at the 
ordinary Board of Trade inquiry to render that 
inquiry into the loss of the ship more thorough and 
satisfactory, rather than that they should be in- 
structed to open a separate inquiry. However, we 
have no wish to grumble at this, as the work per- 
formed by the Commission has been on the whole 
extremely valuable and satisfactory. 





THE USE OF EMERY WHEELS. 

THE correspondent of the Times, who furnished 
that journal with a series of letters concerning 
‘Machinery at Philadelphia,” seems to have been 
deeply impressed by the amount of thought and 
ingenuity brought to bear in the United States upon 
solid emery wheels and the machinery used in their 
ai. An analysis of his many references to 
this subject reveals two facts. One is that he was 
the great advantage to be gained by 
the use of such tools for common and simple work, 
for he distinctly says that ‘‘the chisel and the file 
are in danger of elimination from the workshop for 
the majority of my for which they are now em- 
ployed.” Another fact is that he was equally im- 
pressed with the adaptability of these wheels, when 
mounted on suitable machines, for doing difficult 
work with mathematical accuracy, the perfection of 
the work being due to the capacity of the machine, 
and not to the skill of the workman. He mentions 
drill-grinding machines so built that tools ground in 
them have “ positive truth in the cutting edges, 
besides mathematical accuracy in the angles,” and he 
says “in none does precision a upon skill,” 
He also says, ‘‘The emery wheel for many purposes 
is being substituted for the planing instrument and 
other tools, not by a recurrence to the old system of 
haphazard grinding, but by well-defined movement 
rendered as certain in its action as the ordinary tools 
of the engineer. All these changes denote economy 
of production. Considered as a whole they teach a 
lesson which every competing nation should study 
and lay to heart for future guidance,” 

There can be no doubt that the development of 
grinding processes been much more thorough, 
rapid, and varied in the United States than any- 
where else. Until American emery wheels and 
— were widely advertised and sold in Europe, 
ittle was done here in the same line. What little 
had been done does not ap to have been very 
successful, and we believe that even the Continent 
is ahead of us in the application of these goods. 

Two questions suggest themselves. Is the success 
of these goods as great as is claimed in America; 
and, if so, why have we not attained the same success 
here? We have every reason to believe that the 
American saccess is real. It is but right, however, 
to explain that there are three distinct fields in 
America where the emery wheel is largely used, and 
for which we have scarcely coun here. The 
last census of the United States showed that there 
were over 25,000 sawmills in the United States. 
Now these are distributed over a country as 
as all Europe, and it is this scattering of sawmi 
in distant forests and places remote from towns and 
cities which has made the ‘“‘saw gummer,” as 
Americans call it, a machine worth its weight in 
gold. Formerly the natural wear of saws, or 
unavoidable accidents, crippled all remote mills 
for weeks, while the saws were. being repai at 
great expense at some distant city. Now the sawyer 
keeps his saws constantly in the most efficient con- 
dition by the use of an emery wheel ; or, in case of 
accident, grinds the old teeth all away, and grinds 
new ones in. Manifestly we have no parallel to this 
state of affairs here, for in a narrow country repair 
shops are close at hand. 

Again, the use of cast-iron stoves in America 
creates an immense demand for solid wheels, and 
we have no parallel to this trade. And, lastly, the 
manufacture of cast-steel ploughs, adapted to the 
heavy loam of Western prairie land, creates an 
immense demand for such wheels. But while we 
do not have these specialities on the American 
scale, we do similar work on a moderate scale, and 
the facts stated demonstrate clearly that true eco- 


much struck by 





nomy should induce all users of saws to do their own 
repairing. They indicate just as clearly the good use 





to which emery wheels can be put by all our makers 
of stoves, ranges, grates, fenders, and hollow ware, 
and by all manufacturers a machinery. 
The sections of mowing ine knives, and the 
finger bars of mowers can be ground to great ad- 
vantage. 

Striking out of the question, however, these spe- 
cial fields, it still remains a fact that we have not 
succeeded in introducing emery wheels either for 
common or difficult work to the same extent that 
the Americans have. We believe one reason of this 
is to be found in the quality of the wheels, for the 
best planned grinding machinery is comparatively 


useless if the wheels used are poor, On comparing 
the prices of American and Euro wheels, we 
find the former averaging much higher; and the 


most noted American wheels vastly exceed in price 
those of the best known British makes. 

The Times correspondent says: “‘ The impression 
is left upon the minds of European visitors that 
American competition in machine tools will soon be 
upon us; but that the competition will not be in 


regard to price, but rather for high quality and 
productiveness, and the capability of doing more 
work with a given expenditure of labour.” Now it 


is a natural thing to ask if this may not be true of 
emery wheels? We can scarcely think the Ame- 
ricans would keep on for years paying prices which 
we consider exorbitant, unless they found that these 
high-priced wheels were really the cheapest in the 
end, Besides the failures and disappointments due 
in this country to the use of poor wheels, we think 
one reason for the slow introduction of these goods 
is that the general tendency has been to introduce 
them first for special and difficult work, without 
getting a necessary preliminary education in the 

ualities and uses of this class of , by intro- 

ucing them widely for simple and general work. It 
is not till both masters and men have gained expe- 
rience in these simple uses that they can wisely try 
to compass special and technical difficulties, 

We must not be understood as underrating special 
machines. Such machines have been widely intro- 
duced, and with great success. Guiding lathes are 
made for both el and taper work, and not only 
for finishing with minute accuracy after ordinary 
lathe turning, but for grinding from the rough cast- 
ing. Tool-grinding machines of elaborate structure 
are in use. Plane surfaces are accurately ground. 
Holes are ground true, Needles are pointed. 
Architect columns of cast iron, 20 ft. long, are 
mitred and jointed. Cast-steel ploughshares are 
jointed and fitted. Calender rolls are ground with 
absolute perfection, so that all the rolls of a stock 
are interc ble. The teeth of gear wheels are 
cleaned out on automatic machines. The sides and 
faces of such wheels are ground at much less cost 
than they can be turned, Saws are automaticall 

llieted and sharpened. Car brasses are fit 

«pba See ens ome are —s 
an med, For these, and a great variety o' 
other purposes, special machines have been used 
with unquestioned success. , 

these machines many have been invented by 
rivate manufacturers for their own use, and not 
or sale, and we believe the further development of 
grinding processes will be largely due to such in- 
vention. We advise all manufacturers, however, to 
see first if they cannot find suitable machines 
already offered for sale by reputable manufacturers, 
as the adjustment of wheel and machine isa delicate 
one, and much money is wasted by inventing ma- 
chines which fail owing to the maker’s ignorance 
of what emery wheels demand. — P of 
various kinds furnish a proper field for soli —- 
wheels. But the proper field of all others in whi 
grinding wheels and machines should be at once 
largely introduced, is the field of general and 
simple work. To fettle castings, to displace the 
grindstone, to usurp the place of the vice, bench 
and file, these are the legitimate duties of the solid 
emery wheel. These, too, are its cheapest, simplest, 
and easiest applications, and those w ich show the 
largest ienatiete profit. 
ere is but one limit to their use for fettling 
castings, and that is the size or weight of the cast- 
ings. All castings whether of iron or brass, not too 
heavy or unshapely to be readily handled, should 
be fettled by the solid emery wheels, as it is placed 
beyond dispute by the experience of ag that this 
lan is cheaper and more practical any other. 

y fettling, we mean only the removal of fins, gates, 
sprues, and ragged edges, merely to roughly 

the casting for further work. 





re 
. We see little reason to doubt that the solid 
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wheel will in time entirely displace the grindstone. 
There is really no advantage in the very large 
size of grindstones, and the great variation between 
their maximum and minimum size causes much in- 
convenience to the workmen. Owing to the reduced 
size of emery wheels they occupy but little space, 
and are mounted with the greatest ease and speed. 
Owing to their strength they can be run at an im- 
mense speed, and owing to the fact that they are 
wholly composed of augular grains of a mineral 
only inferior in hardness tothe diamond, they cut 
much more rapidly than grindstones, whose uneven 
texture is mainly composed of water-washed and 
round particles of silica. While the stones have to 
be roughed and picked from time to time, no really 
good emery wheel ever requires such treatment, 
presenting always a fresh, free, sharp cutting sur- 
face. Owing to this surface, and the very high speed, 
the work needs to be lightly touched to the wheel, 
and the selection of heavy men as grinders is done 
away with, as are, also, the swinging boards and 
housings, and appliances for getting pressure, 
Owing to the moderate size of the wheels they can 
be readily turned with diamond tools, and thus 
always revolve as perfect circles instead of becoming 
eccentrics, as the stones do. 

Solid wheels are not intended to displace the 
buff wheels of wood and leather. They may do 
some of the ordinary glazing, but where a high finish 
is required the buff wheel has the advantage owing 
to the fact that it yields under pressure. e solid 
emery wheel is advantageous, however, as a means 
of quickly and rapidly preparing the metal for the fine 
glazing buff wheel. Manufacturers of cotton ma- 
chinery who have so much work that needs a fine 
finish, will do well to displace their grindstones and 
use solid wheels to prepare their work for polishing. 

But the best field of all for the solid wheel is on 
the vice bench, A wheel so perfectly turned, that 
the work can be kept in continuous contact with it, 
and run at the proper speed, does work in one 
minute equivalent to that which would be produced 
if a file a mile long was passed over it in the same 
time. The probable average speed of filing is about 
60 ft. a minute, while the wheel has a surface speed 
of 5500 ft. Almost every piece that needs filing 
has to be clamped and reclamped in the vice several 
times. Now, as a rule, the wheel will perfectly 
finish the work in the time which would ordinarily 
be occupied in clamping and unclamping in the vice. 
Here is thus a clear gain of all the time now spent 
in filing. Should the question be asked whether 
the work can be as well and as easily done, we say 
that any man who can handle the file properly 
against his work, can still more easily Ae 2 his 
work on the wheel ; for the demand on his strength 
being lessened, his whole skill can be applied in 
guiding the piece to be ground. Machines of large 
size are furnished for heavy work, and the largest 
engine builders can use them to advantage. Even 
they can use moderate sizes for the fitting of keys, 
&c. But manifestly it is in such factories as em- 
ploy vices by scores and hundreds that the solid 
emery wheels can be best applied. One grinding 
machine can safely be introduced by every manu- 
facturer for each pair of vices now used, It seems 
useless to specify the variety of factories which can 
thus apply solid wheels. The manufacturers of 
knitting and hosiery machinery, of cotton, woollen, 
and flax machinery, and of saddlers and all other 
small ironmongery, are typical cases. But the fact 
is that a comprehensive survey of all classes of 
manufacture shows that without exception the mere 
quantity of vices in use indicates how many grinding 
machines can be safely introduced. 

We urge all interested in this subject to introduce 
solid wheels freely for simple and general uses 
before they attempt their use for special and dif- 
ficult cases, The great tendency is to try the dif- 
ficult problem first, and if it fails to condemn the 
whole use of solid wheels, which is no longer pro- 
blematical. There is too much disposition to con- 
sider the file, vice, and grindstone as satisfactory 
servants, not to be displaced, and to only try the 
emery wheel on some job too tough for ordinary 
tools. The t profit to be derived from the 
general introduction of solid wheels is in the saving 
of wages. The next is the saving in files, and the 
next in the increase of the daily product, and its 
oe quality. 

t is much to be regretted that some of our British 
emery wheels compare so unfavourably with those 
of American make. We have seen wheels sent out 
from English works roughly moulded, and not 
touched after leaying the moulds, The best of the 





American wheels are all lathe-turned with diamond 
tools. We are satisfied that while some undue claims 
have been made for solid wheels 


and grinding ma- 
chines, and some failures have patent gover w 3 due | th 


to the use of inferior wheels, yet the system of 
emery grinding as a whole, is a great and undeniable 
success, and deserves a front place among modern 
labour-saving inventions. 


PATENT LAW ADMINISTRATION. 

Tue petition of the Society of Arts en 
noticed favourably by us, continues to receive muc 
support, and that of very influential nature, and 
it is to be hoped will not fail to bear good fruit. 
The appointment of one or more additional Com- 
missioners of Patents to whom might be entrusted 
the full carrying out of the duties of the Patent 
Office, and who should be responsible for the same, 
and that no further legislation be attempted until 
after such Commissioners shall have been appointed 
and the system contemplated by the Act of 1852 ad- 
ministered in its integrity, is a very desirable object. 
But it is an undertaking involving no small difficulty, 
and we are bound to confess that we cannot at pre- 
sent see any altogether satisfactory solution, owing 
to the multifarious attributes that must be pos- 
sessed by those aspiring to be efficient and goer 
Commissioners. However well qualified a Com- 
missioner might be by legal and technical experience 
to fulfil the duties of his office, anything in the 
shape of domineering or dogmatism—a not un- 
common failing of human nature on promotion— 
could not fail to give general dissatisfaction, and to 
bring not only the offender, but also the system he 
essayed to administer, into disrepute. Therefore, 
whilst care would have to be taken that the addi- 
tional commissionerships did not become mere sine- 
cures, any difficulty from the cause just named 
must be studiously avoided. There is ample scope 
for improvement in the Patent Office itself without 
any violent innovation in the way of interference 
with inventors and patentees, 

We give this timely warning in the hope that in 
any representations that may accompany the me- 
morial to the Lord Chancellor this very important 
point will not be lost sight of, but, on the contrary, 
will be urged with all possible emphasis as an in- 
dispeusable part of the programme. There can be 
no doubt that very many patentees regard the con- 
templated addition to the Patent Commission with 
a dread little, if any, short of that inspired by the 
Lord Chancellor’s late attempts at patent legisla- 
tion. The objectionable changes recently made, 
regardless of public opinion and convenience, in 
reference to the issuing of specifications, have 
aroused very strong indignation, and, as is not un- 
natural, many persons have objected to the Society 
of Arts petition, and others have entertained grave 
doubts about it on the ground that the suggested 
additional appointments would probably result in 
making matters still worse, by placing in office 
some injudiciously selected persons whose power 
might be nancial in a very high-handed manner, 
and thus become obnoxious in the extreme, prejudi- 
cial to the welfare of inventors, and injurious to 
the true interests of the public. 

In appointing Commissioners it would be essential 
—if real good is to result—to select officers who 
could be thoroughly relied upon to act with caution 
and moderation, and in a conciliatory and courteous, 
and not in a dogmatic, spirit, The Commissioners 
appointed should duly consult the interests of those 
most nearly concerned—inventors and patentees— 
and no individual crotchets of officials should be 

rmitted to interfere with the harmonious work- 
ing of the new arrangement should it be instituted. 

e may point to the course recently adopted by 
the Master of the Rolls in consulting the Com- 
mittee of Patent Agents before altering the 
mode of issuing printed specifications, as a step 
in the right direction, and a good precedent 
for any additional Commissioner who may be 
appointed to keep in view and act upon, though we 
— that in future the Patent Agents when con- 
sulted will be a little more independent and sound 
in their judgment, and give more mature considera- 
tion to what may be submitted to them, than the 
majority appear to have done in the case of the speci- 
fications just referred to. 








CONTINUOUS RAILWAY BRAKES. 
Tur public will learn with satisfaction that the 
North British Railway Company, after having 





satisfied themselves on the actual and relative 
efficiency of the Westinghouse automaticbrake, have 





passed a resolution adopting it for the whole of 
their passenger trains, We confess that, having in 
view the extreme — that characterises 


ways in this country, even in 
cases of vital importance, we were un — for 
such a prompt action on bl avd of the North 
British Railway, and it is therefore more highly to 
the credit of Mr. Drummond and his directors that, 
having satisfied themselves that the automatic is not 
only thoroughly efficient, but the best brake at 
present known, they should have acted immediately 
upon this knowledge, and adopted it for their line. 
It is true that Mr. Drummon other in- 
formation than that furnished by the trials botween 
Edinburgh and Glasgow. He had the oppor- 
tunity of watching the regular working of the 
brake upon the Midland Scotch express trains run- 
ning regularly over the North British between 
Edinburgh and Carlisle, and he had thus become 
thoroughly satisfied of its admirable efficiency and 
freedom from derangement under the tests of many 
months of ordinary daily work. 

It remains now to be seen what action, if any, 
other large railway companies will take in this matter 
of continuous brakes, whether they will follow the 
example thus set by the North British, or adopt 
other and inferior means of controlling their trains, 
or continue in a state of indifference until forced 
into action by the pressure of public opinion, which 
is far more powerful—when fairly exerted—than 
the strongest prejudice or indifference of individuals, 
One by one the objections so strongly urged against 
the automatic brake have been swept away, and all 
that has been claimed for it has been incontestably 
proved, while the alleged advantages of the vacuum 
as an emergency brake, have now been effectually 
and entirely di of by the result of Mr. Drum- 
mond’s experiments, and the fact must remain un- 
disputed that its efficiency as compared with the 
Westinghouse is less than one-half, In the face of 
this ne tgs a can wher sp Ltt credit to the 

aragraph which a) in y "s Times to 
the effect that the Great Northern Railwa had 
formally adopted the vacuum brake. If this be 
true the managers of that line are incurring a grav 
responsibility in selecting a notoriously imperfec 
means of controlling their fast trains, when other 
means, proved beyond all doubt to be thoroughly 
efficient, are available. But we cannot ——_ that so 
serious a step would be hazarded until the directors — 
if not satisfied with the information the North British 
Railway has giventhem on the subject—had con- 
vinced themselves by experiment of the efficiency of 
the vacuum brake as compared with the automatic, 
The Midland Railway Company, we believe, arefitting 
up a few trains with the vacuum apparatus to test its 
wer as an emergency brake, Satisfied as they must 

, after their considerable experience, with the effi- 
ciency of the automatic brake, and knowing how much 
less reliance can be placed upon the Smith apparatus, 
such a step appears unnccessary, and likely to delay 
for a short time longer their final decision upon the 
subject. In the mean time the public, always slow 
to move, and long suffering, even to the extent of 
much inexcusable railway slaughter, is beginning to 
make itself heard imperiously, and the adoption 
of continuous brakes, at all events for fast traffic, 
is very near at hand. As we have already said, 
it rests, in the first instance, with the railway 
managements, whether they will adopt an efficient 
or an inefficient system ; but the responsibility will be 
a serious one if they give the preference to an in- 
ferior means of controlling their fast traffic, when 
they shall finally decide upon abandoning the crude 
appliances upon which the safety of passengers now 
so often depends, and which are almost useless in 
moments of emergency. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

WE last week directed the attention of those of 
our readers who are interested in the prosperity of 
the Institution of Mechanical Engineers to the im- 
es pany of the meeting of that body which is to be 

eld on Thursday next (the 25th inst.) at Birming- 
ham, and we at the same time pointed out some of 
the chief reasons why the question which is then to 
be discussed—namely, whether or not the business 
and house of the titution shall be moved to 
London—should be settled in favour of the Insti- 
tution having its centre at the metropolis. We 
have long held and have repeatedly urged in these 
columns that the maintenance of the head-quarter 
at Birmingham is a mistaken policy which has long 
had a most detrimental effect upon the Institution, 
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and one which, if persisted in, must prove fatal to 
its attainment of that position amongst scientific 
bodies to which the professional standing of its 
members justly entitles it, and under present cir. 
cumstances we should not be doing our duty if we 
neglected to bring Leerene me before the notice of 
all members the importance of the present crisis in 
the affairs of the society. 

It is, we think, undeniable that the Institution of 
Mechanical Engineers is at present far from ho'ding 
the position to which its composition entitles it, and 
the cause of this is not difficult to discover, In 
order that any scientific society may possess material 
influence, it is in the first place necessary that it 
should be composed of men of greater or less 
eminence in their profession, and secondly, that it 
should take a prominent part in the discussion and 
settlement of questions of importance to the pro- 
fession to which it relates. Now, we do not hesitate 
to say that as far as this latter qualification is con- 
cerned the Institution of Mechanical Engineers 
fails utterly. Let any one who doubts this examine 
the volumes of Proceedings for the last few years, 
and compare the papers and discussions which 
they contain, with those of the Institution of Civil 
Engineers or of the Iron and Steel Institute for the 
same period. In the first-mentioned case he will 
find many carefully prepared papers containing 
valuable data mingled with many others which are 
little more than descriptions of patented inventions 
which had previously been fully described in the 
erp journals, while in but few cases will he 

nd any discussion worthy of the name. In the 
Proceedings of the two other Institutions named, on 
the other hand it will be found that the discussions 
occupy a most important place, and this because the 
matters brought forward are of general professional 
interest, and because when an important _—— is 
at issue ample time is allowed for its discussion. 
That this difference is not in any way due to an 
absence of subjects which the Institution of Me- 
chanical Engineers could profitably discuss is amply 
proved by the fact that subjects of a strictly me- 
chanical nature are brought before the Institution 
of Civil Engineers, and lead to extended discussions, 
maintained ely by men who are also members of 
the Birmingham Institution. Mr. J. Robinson's 
paper on the construction of locomotives, Mr. Culley 
and Mr, Sabine’s paper on the pneumatic trans- 
mission of telegrams, Mr. W. R. Browne's and Mr. 
W. A. Adam's papers on the construction of railway 
wagons, Mr. Head’s paper on traction engines, and 
many others, are instances in support of what we say. 
That the above-described state of affairs should 
exist is only a natural consequence of the'policy so 
far adhered to by the Institution of Mechanical 
Engineers. Holding the bulk of its meetings, and 
having its head-quarters at a provincial town, it has 
come to be re led widely has a provincial and not 
a national body, while the miserable attendayce at 
the majority of its Birmingham meetings has deterred 
members from the trouble and cost of preparing 
papers which run the chance of being read to two 
or three dozen people, and then passed over almost 
without notice. The first step for remedying this 
state of things is, as we have said before, that the 
head-quarters of the Institution should be shifted to 
London, and that we hope most earnestly the 
present movement with that object in view will meet 
with the success it deserves. ‘That the feeling of 
the great bulk of the members is decidedly in favour 
of the change is proved by a memorial before us, 
this memorial asking the President and Council of 
the Institution ‘‘ to consider the question of remov- 
ing the head-quarters of the Institution to London, 
and, if necessary, to ascertain, in such manner as 
they think best, the opinion of each member on the 
question.” This memorial is signed by 558 members 
out of a total of 943 on the books, while eight have 
declared themselves neutral, and but 22 are opposed 
to the memorial, From 246 mentbers no answer 
has been received, while 31 are entered as belonging 
to the Council, and 109 as dead, resigned, or too 
far off to communicate with. At the meeting next 
Thursday the question will have to be decided by 
personal vote, the convenient practice of voting by 
roxy not being provided for by the rules of the 
nstitution, and hence it behoves all members who 
value the interests of the Institution to be present 
on the occasion, and for once not to let themselves 
be deterred by the inconveniences of a visit to Bir- 
mingbam.* It would be very greatly to be regretted 


Fa Pag bre meng that for the convenience of members 
resident in » ® special train on the Midland Railway 





if a step so vital to the future position of the Insti. 
tution was to be indefinitely postponed in opposition 
to the wishes of the bulk of the members, simply be- 
cause there happéned to be at the ensuing meeting 
an insufficient attendance to nullify local influences. 








ALEXANDER BAIN. 


ANOTHER of the early telegraphic worthies has 
passed away. The newspapers of last week chronicled 
the death of Alexander Bain, at the Home for 
Incurables, Broomhill, near Glasgow. ‘To English 
and American electricians everywhere the name of 
Bain has long been “ familiar as a household word.” 
His remarkable native genius for invention, and the 
melancholy story of his life, have given rise toa 
great deal of kindly interest in him and his welfare. 
In some respects Bain may be considered the Burns 
of invention. He was born of poor parents at the 
small town of Thurso, in the extreme North of 
Scotland, and he was wont to relate how one night, 
when he was a boy of twelve, he went to hear a 
penny lecture on science. This set him a thinking, 
and proved the impulse which determined his whole 
future career, 

Bain learned the trade of clock-making, and went 
to Edinburgh. Here in trying to apply an electric 
current as a motive power for clocks, in place of 
weights and springs, he was led to the invention of 
the electro-magnetic pendulum, which moves the 
clock instead of being moved by it as in ordinary 
clocks. To yield the very weak current necessary 
for this Bain hit upon the plan of sinking plates of 
copper and zinc in the ground, ign 3 on the 
moisture as an exciting liquid. But this earth 
battery proved unsteady from drought and polarisa- 
tion, so the clock was not generally em £5 His 
electrically-moved pendulum, however, suggested 
to Wheatstone the idea of an electrically controlled 
endulum, which has been successfully worked out 
y Mr. Jones, of Chester, and by which means the 
standard clock in Greenwich Observatory controls 
the public clocks throughout the country. 

Bain then went to London, and here between the 
years 184] and 1846 in the short space of five years he 
roduced a series of elaborate patents containing all 
his great improvements; an instance of power and fer- 
tility of genius perhaps unparalleled in the history of 
invention, In 1838 Btein eil, of Munich, had made 
his great discovery of using the earth as the “return” 
wire in a telegraphic circuit. Bain independently 
invented the use of ‘* bodies of natural waters” for the 
same purpose, and published it in 184] in a patent 
for ‘‘ improvements in applying electricity to control 
railway engines and carriages, to mark time, to 
give signals, and to print intelligence at different 
papers.” In 1843 he published his reinvention of 
the ‘‘earth-battery” which Steinheil had also anti- 
cipated him in, In 1844 he patented a log for 
measuring the speed of ships by revolving vanes and 
an ingenious method of electrical registration of its 
results on board. The same patent describes the 
fire alarm thermometer now so commonly used, in 
which the mercury rising to a certain point closes 
an electric circuit and rings a bell. 
Others of Bain’s patents relate to his electric 
clocks. He had also a method of playing organs 
and other keyed instruments at a distance by means 
of electricity ; and it is in one of his patents that we 
first find a coil of wire freely suspended in a 
magnetic field employed as the moving body of a 
telegraphic receiving instrument. This principle 
has been admirably turned to account of late years 
in Sir William Thomson’s siphon recorder. 
But the greatest, or at least the best known and 
most valuable invention of Bain, is his electro- 
chemical telegraph, now temporarily discarded in 
this country for the Morse ink-marker, but coming 
rapidly into favour in America, where it is doing 
some astonishing work. In Bain’s chemical marker 
the current from the line passes down a steel stylus, 
then through the strip of travelling paper to earth. 
The paper is soaked in a solution of nitrate of 
ammonia and prussiate of potash, which the 
electricity decomposes, leaving a blue stain. The 
marks differ from the Morse only in being thus 
chemically produced. But the merit of the Bain 





the St. Pancras Station at 10.5 a.m., calling at Bedford at 
11.20 a.m., and Wigston at 12.35, arriving at Birmingham 
at 1.20 p.m. The return train will leave Birmingham at 
8.5 p.m-, and arrive in London at 11.18 p.m., calling on its 
way at Nuneaton and Bedford. The train will be composed 
of Pullman cars, which have been kindly placed at the 
disposal of the members by the Pullman Palace Car 


aver the Morse lies in their’ being no mechanism to 
move, so that time is saved, ian myn apeed 
of working admitted of. .Owin, ® motion of the 
marking wheel by electro-magnetism in the Morse 
its speed of recording is limited to about 40 words 
per minute. We heard from Sir William Thomson 
at the Glasgow meeting of the British Association 
in September last that he had seen in America 
‘“‘ Edison’s automatic instrument telelegraph 1057 
words in 57 seconds, this done by the electro- 
chemical method of Bain.” It is generally believed 
by electricians here and in America that there is 
a great future still before this hitherto neglected 
system. 

Another striking novelty of Bain’s, which has 
been turned to excellent account in other hands 
than his own, is the automatic sending of messages 
by means of a strip of perforated paper. The 
message is first punched out in a series of holes in 
the paper, which is then passed through the 
transmitter at the speed required. The paper, 
rendered discontinuous by the holes, makes and 
breaks the circuit, allowing or stopping the current 
from entering the line. This plan has been utilised 
by the late Sir Charles Wheatstone in his automatic 
transmitter for land lines, and also by Sir William 
Thomson and Professor Jenkin in their automatic 
curb sender for submarine cables. 

After this splendid outburst of invention, Bain 
seems to have done little. We believe that he about 
this time realised a considerable fortune by his in- 
ventions, He went to America, but soon returned 
again. He was ever afterwards in poor circum- 
stances. Latterly his health gave way, and those 
who saw him afew years ago in Glasgow, could not 
but remark the apparent wreck to which the massive 
forehead and the sturdy frame had come. It ulti- 
mately became necessary to afford him money help. 
The Royal Society granted him 150/. Through the 
agency of Sir William Thomson, Dr, C. W. Siemens, 

r. Latimer Clark, and others, a pension of 80/. a 

year was secured for him under the Civil List in De- 
cember, 1873. It was some time after this before 
they were able to find the beneficiary out, he was 
living so retired. Quite recently he was stricken 
with paralysis of the legs and removed to the Home, 
where he died at the age of 66. Mr. Bain was a 
widower, and left two children—a son now in 
America and a daughter now on the Continent, 
It has been said that Bain came before his time, and 
lived unrewarded while the world benefited by his 
works. But we believe it may be said of him as 
Carlyle said of Burns, it was not wholly his outward 
but in part his inward misfortunes that kept him 
poor. 








TORPEDOES AND THE CENTENNIAL. 
Ir was natural to expect that a mode of warfare 
which played no unimportant ré/e in the American 
civil war should find a suitable place in the late Cen- 
tennial Exhibition; and, accordingly, among the 
various objects that filled the Government Building, 
few formeda more conspicuous collection than these 
engines of destruction. ‘To facilitate description, we 
may divide these exhibits into three groups, namely, 
the towing, the spar, and the automatic torpedoes. 
The towing torpedoes exhibited were chiefly con- 
structed on Captain Harvey’s ‘ype. Two of these 
were shown with their ropes and buoys in order to 
give some idea of how they are placed and secured 
in position. As they are to be fired by contact, they 
must be maintained near the surface of the water. 
When they strike against an obstacle, one or more 
Projecting levers are released, and drop with a sudden 
low upon an underlying bolt. The percussion is 
thence transmitted to the charge, which instantly 
explodes, shattering the object encountered. 
The Barber torpedo is modelled on the Harvey, 
and claims to be an improvement on its prototype. 
The long lever-arms are suppressed, and are replaced 
by six fuzes projecting at various angles from the 
surface of the powder chamber, The explosion is 
effected either mechanically by collision, or elec- 
trically through the conducting wires forming the 
core of the towingrope. The torpedo is kept at the 
required level by means of fins adjusted in the rear 
of the shell. Buoys are thus dispensed with, and 
the torpedo is in consequence lesseasily observed by 
the enemy. 
The spar torpedo consists of a strong iron chamber, 
enclosing the explosive, and is carried at the ex- 
tremity of a long thick spar from which it derives 
its name. This to necessitates the use of a 





Company. Another special train of Pullman cars will leave 
Manchester for Birmingham at 2 p.m. 





has been secured for Thursday next. This train will leave 
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the rapid protrusion and withdrawal of the spar. 
When driven against the enemy, the torpedo ex- 
plodes mechanically, and at ne mc 
snaps its connexion with the spar, which is imme- 
diately drawn in and prepared for subsequent use. 
In order to facilitate the rupture, the short metal 
plate which proceeds from the proximate end of the 
casing and is lashed to the spar, is made of cast 
iron and sufficiently thin to yield to the concussion 
without offering any considerable resistance. Four 
of these torpedoes were exhibited, two carrying a 
charge of 75 lb. of powder each, and two others of 
100lb. ‘This interesting collection also included a 
model of a steam launch with its special appliances, 
and aspar45 ft. long which did good service in the late 
civil war. 

We have now come to the third and most im- 
portant group of torpedoes, viz., the automatic, or 
self-propelling, of which there were three specimens. 
The most conspicuous, by its bulk, was that called 
after its inventor, the Lay to o. The shell is 
somewhat spindle-shaped, 28 ft. 3 in. long and made 
of boiler iron. It is divided into four compartments, 
‘The forward one, technically; known as the nose, 
contains the charge of explosive material, viz, 300 1b. 
of powder, or 75lb. of dynamite, The second in 
order contains the motive power, which consists of 
carbonic acid gas generated in the usual way by 
the outpouring of sulphuric acid (from three flasks) 
on a carbonate. ‘The gas, which has an initial 
pressure of forty atmospheres, is conducted from the 
generating apparatus through iron tubes to the 
engine, which is filled up in the fourth compart- 
ment, ‘The third section contains a roll. of ten 
miles of insulated wire, which is paid out from the 
reel itself and serves to keep up electrical connexion 
with the firing station. The torpedo is entirely 
under the control of the electrician, who, by means 
of a series of contacts, opens or closes certain 
valves and thus increases or diminishes the speed 
and stops or steers the torpedo as circumstances 
may require. The torpedo is submerged to about 
four-fifths of its volume, and cleaves its way through 
the water at an average rate of ten and a half knots 
an hour. It may be fired either by contact or by 
closing the electric circuit, Its position is always 
known by the slender guide-poles, which project 
from its upper surface. In reeent experimental 
trials made at Newport, Rhode Island, the American 
torpedo station, it was sent out a distance of a mile 
and a half, thus proving its superiority over other 
machines tried of the same class. 

The next in size was.the Ericsson sigh wer 13 ft. 
6in. long, with a shell made up partly of wood and 
partly of iron. It is propelled by pneumatic pressure 
produced by strong condensing air-pumps erected at 
the firing stations. The air is led through a stout 
hose, which is gradually paid out, to the engine 
situated within the body of the torpedo, This‘is con- 
nected with a double screw whose rotation pro- 
duces the necessary propulsion. The driving power 
consists in reality of tw screws revolving in oppo- 
site directions. ‘This contrivance was adopted 
in order to neutralise the cffect of the water, 
or backlash, on the rudder. The depth of im- 
mersion varies from 6 {t.to 15 ft., and is attained 
by setting the “‘ diving pins” at an appropriate angle. 
The charge consists of 200lb, of powder; it is 
lodged in the nose and fired mechanically. Some 
ingenious mechanism has been devised by means of 
which the movements of this machine may be 
regulated, so that, applying different pressures, 
the speed may be varied, and the torpedo may 
be stopped or directed at pleasure. The secret of 
the arrangements necessary to effect this, has not 
transpired. Owing to the weight and length of the 
hose, it has not been found practicable to send this 
torpedo to a distance exceeding a few hundred 
yards. Inthe frequent experiments made by the 
United States Navy, but little success was obtained 
in steering this torpedo. 

The last was the ‘ fith” torpedo, so called from the 
resemblance of its general outline to a typical fish. 
The motive power is air condensed in a strong cham- 
ber within the shell to thirty atmospheres. From 
this chamber, the air is conducted through strong 
pipes to the screw. The depth of immersion is re- 
gulated by lateral pins. This torpedo explodes on 
contact, It is not steered, but launched forward in 
the direction of the enemy. Should it fail to strike, 
it will continue on its onward course until the air is 
exhausted and then it will sink. 

The collection also included several pieces of ap- 
— used in connexion with to: warfare. 


e most important of these were fuzes, showing 


e kame moment. 


the various modifications required in their construc- 
tion, according as they were to be fired by frictional 
electricity, by a galvanic battery, or by a dynamo- 
electric machine. There were several detonators of 
various types, the predominating consisting of mer- 
cury fulminate surrounding a small charge of gun- 
cotton, the whole being enclosed in a powder 
chamber of small dimensions. In addition to these 
was a number of circuit-closers of the well-known 
kind, in which, when the torpedo is slightly tilted to 
one side, the displaced mercury completes the elec- 
tric circuit. ‘The dynamo machine universally used 
is that patented by Moses G. Farmer, the Govern- 
ment electrician at the torpedo station. The current 
produced by this instrument is said to be more 
powerful than that produced by Siemens and others, 
while the apparatus itself is supposed to be more 
reliable in practice. 

This collection attracted a large share of public 
attention, partly by the novelty of the numerous 
exhibits, and partly, too, by the facility with which 
information could be obtained from Lieutenant 
‘Thomas, who had the superintendence of this sec- 
tion of the Exhibition. 





PATENTS.—No. XII. 
NOTES FOR THE GUIDANCE OF INVENTORS. 
By W. Lioyp Wise, A.I.C.E, 
BELGIUM—continued. 

Laws, F hee relating to Patents.—The Belgian Patent 
Law is dated May 24, 1854. A law was passed, 
dated March 27,1857, which slightly modified that 
of 1854, by allowing a delay of six months for the 
payment of the annual tax with the addition of a 
fine of ten francs, The practice of the Patent 
Office is governed by a royal decree, dated May 24, 
1854. By the provisions of the law of 1854 patents 
are granted without previous examination either 
of the novelty or of the merit of the invention, 
and at the risk and peril of the inventor. ‘This 
is the substitution of the repressive for the pre- 
ventive system which formed the basis of the old 
law of Janiiary 25,1817, which law caused great 
dissatisfaction owing to the unjust manner in which 
it operated, as the pogeeg | decision of one man or 
a few men decided on the fate of an application for 
Letters Patent. 

Grantee of Patent.—There is no preliminary in- 
quiry as to the right of any applicant to receive the 
patent he seeks,. Hence it would seem that any 
person or persons making application in due formy 
may obtain a patent. A patent, however, so granted’ 
is not necessarily valid, The law does not distinctly 
specify who may and who may not be grantees of 
such a privilege. But this may be inferred from 
the stipulation contained in the law relative to the 
validity of a patent; the invention must not have 
been commercially worked in Belgium by others 

reviously to the a being filed, it must not 
eve been published in a printed work, and it must 
not have been patented in Belgium or elsewhere, 
and though there are exceptions to the two last 

ints, it may be taken that the patentee must either 
te himself the inventor or the possessor of an in- 
vention unknown in Belgium, which has not been 
published (except in an official —- and 
which has not been patented at home or abroad, 
unless the Belgian patentee be also the forcign 
patentee or his assign. 

A patent may issue to several persons jointly, 
whether they be joint inventors or otherwise, 
Leading authorities have expressed the opinion that 
minors, married women, and even lunatics and 
persons under interdiction or privation of the 
exercise of civil rights, may obtain valid patents. 
Resident foreigners and non-residents, natives of 
foreign countries, may also obtain good patents in 
Belgium. It does not appear that a patent could 
be invalidated on the ground that the subject matter 
was the invention of another person, and had been 
appropriated by the grantee in fraud of the actual 
inventor. Notwithstanding that (as hereafter ap- 
pears) a patentee is required to put his invention 
into perme within a certain period, a valid patent 
may be obtained by a person legally unqualified to 
work it, as, for eceaale, a patent for a chemical 
process or combination might be granted to a per- 
son not a qualified chemist licensed to conduct 
chemical operations. 

The right of an employé to hold a patent for an 
invention made by him during working hours will 





depend upon circumstances. 
ould it appear that the main general idea 
emanated from his principal, and that the method of 





the kingdom for commercial 





7d aéting eadet the mier of his principal, the 
yé acting un vorder of shi . 
employé might be disentitled to th 
wi ing that the:invention in its.w 
dition might be said'to. have emanated from him,; » 

But it seems that. if the emplo ) 
to produce a certain thing, and im the process of so 
doing has conceived an improvement in the method 
of producing the required article, he maybe entitled 
to a patent for his invention, the thing ordeted,of 
him and which he has been engaged \in produci 
being ~_ of his principal, and the improv 
method ion not constituting: in 

of or feature in the thing produced, although the 

es may have been exercised in producing the 
article. hoos & Oeilicw 

Belgian Government officials are interdicted from 
holding patents for inventions relating to objects 
such as are uced or used in their own « : 
ments of the public service.. For example, an 
employé of the Belgian War D t is dia- 
— from holding a patent for any instrument 
of war. ST ECTH ST 

But it does not seem that this prohibition would 
extend toa mili man holding no, Government 
appointment save his post in, the army, Invention 


of a patentable nature by such a is work. of 
eeebe ot his obligation to 


a class clearly beyond 
the public service." °°. eTn s 

Subject Matter —The law does not enumerate the 
features essential to the patentability of an inven- 
tion. It simply says that exclusive rights shall ‘be 
granted for all discoveries or improvements that 
may be worked as articles of industry and com- 
merce, It is, however, evident that new or 
improved processes, new or improved machines, 
instruments or apparatus, as well as such applica- 
tions of known means producing novel results in a 
manufacturing sense, may be patented. 

Abstract philosophical principles, natural sub- 
stances (even though newly discovered), natural 
phenomena, scientific theories, systems, notions; or 
methods, and abstract rules or formule per se, are 
not patentable. But their application and adapta- 
tion to industrial p are in some instances 
patentable. The law does not even require that 
the subject matter of a patent shall be useful. But 
it does require that the invention shall be new. In 
other words, it provides that the patent shall not 
be valid if the patented invention proves to have 
been used, executed, or worked by other ies ow 

oses, prior to the 
legal date of the invention,” tekeaiion or. im- 
provement, or if the complete specification and the 
correct drawings of the invention are proved to 
have been produced previous to the date of the de- 
posit in a printed and published work or collection, 
except when, as re patents of importation, 
such publication shall have been merely made ac- 
cording to legal prescription. Hence, where an 
invention has ae y A patented ‘in another 
country, say the United Kingdom or the United 
States of America, the fact of the officially printed 
specification having been on view to the Belgian 
public prior to the application for a patent there 
would not in itself render the Belgian patent in- 
valid. . But the effect of a full disclosure of the in- 
vention and of the mode of performing it in a 
scientific or other newspaper, or publication, would 
be fatal. 

Under these circumstances it is dangerous to 
delay the application for a Belgian patent for any 
considerable length of time, after having patented 
the invention in any other country, where the 
authorities publish the specifications of the patents 
they grant or allow them to be inspected by the 
general public, 

Searches, Official Publications, §c.— As will mi owed 
from what has been already stated, the intending 
patentee must himself take all responsibility as to the 
novelty of his invention, there being no official 
preliminary examination on the subject. All docu- 
ments relating to applications for patents are for- 
warded to the Ministry of the Interior within four 
days of the filing thereof, and on arrival at the 
Ministry the applications are entered in a special 
register which the public may consult every day, 
Sundays and holidays excepted, from 10 A.M. ‘till 
2 P.M. 

The usual holidays are New Year’s Day, Christ- 
mas Day, Easter Monday, Whit Monday, Ascension 
Day, the 15th of August, the lst of November, and 
— of ——— rhe 

e specifications of patents granted are published 
in full or in substance by the i on. in a 
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ial collection, three months after the grant of 

e nt. 

Plneatees may have their specifications published 
at their own cost, either in — — by —— 
furnished by them, provided they inform the ad- 
SSaseetion of such their desire one month at least 
before the expiration of the above-named period of 
three months, and deposit the sum required for 
’ the costs of such publication. At the 
expiration of three months m4 the grant, the 

lic are permitted to inspect the ifications, 
End copies may be obtained thereof by paying the 
costs. These costs, however, are y somewhat 
heavy, the —_— of the descriptions having to be 
=— and the drawings ~o 2 - 

e original specifications and drawings of ex- 

patents are deposited at the Museum of In- 

, at Brussels, All grants of Letters Patent, 

and all deeds of assignment, licenses, &c., are pub- 
lished in the special collection of patents. 





REDUCTION OF RAILWAY BRAKE 
CURVES. 


Srm,—There ia a way of reducing the interesting ser 
™,— & way 

velocity curves obtained in the recent brake » which 
is theoretically neater than the one you have given, though 
in i it may perhaps not prove so good. In any 
case it may be interesting to describe it. 
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: } . 

c a 7 
A B be a velocity curve, drawn to rectangular co- 
ordinates, and let it be required to find the retarding force 
ob the moment when the vies! was ab. Draw the normal 
to the curve bc, which is best done aes of 6 Snaee. 
Then the subnormal a ¢ is the ing force required (to 
a scale I need not now define). Let off a d—=ac, then d is 
a point in the curve which represents the retarding force. 
By finding several points in the same way, the curve cd 


be drawn. 

araing’ cats ay enabbeak We seobmen to 0 eat 
n ents, m wn &@ uni- 
form vertical scale. 

efficiency of the brakes would be the ratio of the 
mean ordinate of the retardation curve, to the maximum 
ordinate, ing to the principle you have stated. The 
variation of the ordinates of this curve ought to throw 
some light on the action of the brakes. 

Believe me yours truly, 
w.c. Gwwsn. 
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THE ORIGIN OF MOTION. 
To THe Eprror or ENGINEERING. 

S1r,—Your correspondent M. Sillem, in his letter of last 
week, is very angry that I (possibly in common with other 
physicists) do not accept his mathematical proof that the 
ether is a solid, based upon the theory of “ action at a 
distance.” He also attributes to me the confession that I 
“know nothing of mathematics.”’ He is welcome to this 
assumption, which is an entirely gratuitous one on his 
gant. I might only advise your correspondent next time 

¢ borrows mathematics from well-known authors, he 
should keep in view what it is the intention of these authors 
to prove. Your correspondent pleads the excuse of a want 
of knowledge of the ‘or some of his errors, and 
like a man who finds himself wors in argument, gets 
angry and declines further discussion. I for my part am 
quite ben be fall in with this, and considering the whole 
tone of his last letter, which, moreover, quite ignores and 
overlooks points already dealt with in my previous letters, 
I think the discussion might well end here as far as he is 
concerned, though at the same time I shall be always ready 
to meet any objections from others given with the view to 
elicit truth. 

Tue WRITER OF THE ARTICLES. 
ae 


CALIFORNIAN ARTESIAN WELLS.—Artesian wells are 
being sunk in many arte of Califernia. They produce 
abundant supplies of water for irrigation purposes. 


RicumonD Water Suppiy.—The authorities of Rich- 
mond seem to be constantly in difficulties. As regards the 
comet uestion they have to contend on the one hand 
with es Co: , and on the other with the 
Local Government Board. question of water supply is 
now pressing on them. Ata recent meeting of the select 
Vessel Weter Oumeaag to cnt. oh the ann an 

a! cu supply, that 
attempts should be made get water from other sources. 
This t has since been carried out, and the vestry lost no 
time in Orne Te trem em antation wel end other 
sources. efforts to have been so far 
very unsuccessful, and a water ine appears imminent. 











THE PENDULUM PUMP. 


CONSTRUCTED BY MR. J. STANNAH, ENGINEER, LIVERPOOL. 
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Detatle of Steam Ports | 
\ —— 

WE annex vings of a very neat type of donkey 
ump designed and patented by Mr. J. Stannah, of 20, 
Southwark-bridge-road, S.E., who has given to the ar- 

rangement the appropriate name of the “ pendulum” 
pump. Referring to the engraving, it will be seen that the 
pump plunger is cast in one piece with the steam piston, 
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there being fixed to the plunger between the pump and 
cylinder a pin O, this pin fitting a hole formed eccen- 
trically in the boss of the flywheel L. This wheel re- 
volves on the pin M at the lower end of the vibrating 
link or “ pendulum” P, the flywheel thus having not only 
a rotary but also a vibratory motion, the chord of the arc 
through which the link P vibrates being of course equal 
to the stroke of the pump, or twice the distance between 
the centres of the pins M and O. In this way the usual 
connecting rod is dispensed with and the pump rendered 
very compact. 

The pendulous motion imparted to the link P is turned 
to account to control the distribution of the steam to the 
cylinder. Thus the link P is fixed by a set screw to a 
pin having at one end a disc which is within the valve 
chest, this disc having at its centre a rectangular pro- 
jection which imparts motion to the valve, of which views 
are given in Figs. 7 and 8, the adjoining Fig. 6 showing 
the form of the steam ports. Altogether the arrangement 
of Mr. Stannah’s pump is very simple and compact, and 
we understand that it works very satisfactorily. 








AmeRIcAN Steam SHrIprinc.—An iron steamer, the 
Rio Grande, is attracting attention in New York on account 
of ve eee ae construction. She has an 
iron -house enclosing all the boilers and machinery, 
the galley and lamp-room, thus isolating i 
from the rest of the ship. She has also a tank at the stern 
of sufficient capacity to hold 80 tons of water, so that the 
draught of the vessel may be increased or i at 
will, and ballast thus provided . She isa 


when 
ing steamer, and will be put on the line 
New York and Galveston. 
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EIGHT-HORSE POWER AGRICULTURAL LOCOMOTIVE. 


CONSTRUCTED BY MESSBS. RUSTON, PROCTOR, AND CO., ENGINEERS, LINCOLN 




















Section. 






































Ho 
| 
i 








special features. The engine is rated as an 
eight-horse, and its principal dimensions are as 
follows : 


ft. in. 

Diameter of cylinder 0 9% 

Stroke... cy ee 

Diameter of driving wheels... 

” 9 fee 

o” flywheel ... 4 0 

h of engine over all 15 9 

Total width of engine 7 4 
»» heating surface 174 sq. ft: 
——— Dox ‘ i 5.06 " 

ick speed... ot ” %9 
Weight in working order 9 tons 15 cwt. 





5 As we mentioned in our former notice, the 
_s bearings for the crankshaft, countershaft, and 
driving axle are carried by a couple of plates, one 
on each side of the engine, these plates being stayed 
together transversely, and being connected to the cy- 
linder by Messrs, Ruston’s well-known tubular — 
ing stays, to which steam is admitted from the cy 

jacket. One of these stays is also made to serve as a 


— ES —— = = 


In the course of our notice of the late Smithfield Club 
Show, we gave some particulars of a new pattern of 
traction exhibited by Messrs. Ruston, Proctor, and 
Co., of Lincoln, and of this engine we now give general 


views, as well as a section sho the peculiar arrange- 
ment of steam admission ive Whee foyms one of its 
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steam pipe for supplying steam to an injector fixed 
at the side of the firebox, as shown, the other sta 
similarly supplying steam to a water elevator by which 
the tank can be filled. In the arrangement of the gearing 
there are some special points. Thus the countershaft 
carries the intermediate gear running loose on one end, 
which is eccentric to the bearings in which the shaft itself 
is mounted. The shaft is fixed in these bearings by a 
cotter, but by slacking back the latter the is left 
free to be revolved, so as to readjust the gear when this 
is rendered nec by the wear of the crankshaft 
brasses. The differential gear, or “ jack-in-the-box” 
motion, also is fitted with a neat locking gear actuated 
from the footplate, so that when desired the gear can be 
thrown out of action, This arrangement is sometimes 
handy in the event of an engine getting stuck in an awk- 
ward place when the amount of “hold” obtained by the 
two driving wheels varies greatly. The governor is of the 
Hees ah but with the a ht ye rd Agere the ‘op 
of the governor so that the upper part o 

the governor being light there is less tendency to vibra- 
tion. The reversing lever, also, in place of being pr. 
vided with the usual catch lever, is in the 
position by a catch, which is operated by a foot treadle 
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The arrangement of the patent regulating valve inside the 
boiler is shown by the detail views on the previous page. 
This valve regulates the supply of steam to the cylinder in 
such a manner that it is always taken from the highest and 
consequently driest end of the boiler, thus greatly obviat- 
ing the inconvenience of priming. In the present instance 
it is arranged to work automatically, but if preferred it may 
be operated by alever or screw passing through a stuffing- 
box in any convenient part of the boiler. The action 
isas follows: Two weights are supported in unstable 
equilibrium by levers centred at their lower ends, and 
these weights are connected by means of a pin passing 
through slots in the casing to a valve which has two seats 
facing respectively the opposite ends of the boiler. As 
soon as the boiler is inclined, these weights by their own 
vity fall over, pulling the pin to the lower ends of the 
lots, thus closing the valve facing the lower end of the 
boiler, and opening the other valve. These valves being 
directly connec to two collecting pipes passing to 
either end, the steam is therefore always taken from the 
most advantageous point. 
The feed-water is carried in a tank under the footplate, 
and one of the hand-rail pillars at the back is made 


hollow, and is traversed by the rod of a float in the tank. | ; 


The rod carries an index which works through a slot 
formed on one side of the pillar, and the driver has thus 
a ready means of at any time ascertaining how much 
water his tank eontains. 
boxes are provided, as shown in the back elevation. The 
footplate is protected by a light roof of corrugated iron, 
and the whole of the details of the engine are very neatly 
worked out. ; 








These lines A G, B D, bisect each 

and are jugate diameters of the ellipse 
the centre H draw H I equal and at right 
rH D and joinI A, prolonging the line 
Bisect A I in J and make J K and J L 

hen lines drawn through the centre H 
will be in the positions 


the minor semi- 
KI orAL—Q. E.F. 


on the fact that just as the 
are convergent lines, so the 


t lines are when the point 
station ie is a plane 

i the station or eye. 

the original circle, 

the lines of one pair converging to a point in the station 
other pair either converging to an- 
on being hoth parallel to the 

teral fgute will be formed, 

11 be a parallelogram within 
inscribed. If the original tan- 

ipse will touch the parallelo- 


picture plane. 


At the sides of the tank tool | li 





Let the plane of Fig. 3 be that containing the con 

lines A B, AC, and let AS be its intersection with th 

station plane and F P its intersection with i 

== the convergent point A — . 

wi Ly ype rojection on the station, 

it is obvious that the : ives will be two i 

passing t hF E at right angles to F P. 
Fug. 3 


If the convergent point A is not coincident with the 
station projection point S, draw a line B C parallel to AS 
and F P, and cutting the two convergent lines in B and C ; 





line on the plane of the circle, 8 C being the perpendicular 
distance of the intersection of the vertical station plane ; 
8 D, 8S G tangents, and D Ga chord between the tangent 
ints. Draw lines through F D and G B intersecting in 
, and join HS. To show that H Sis at rir angles to 
S C (that is, that HS is the intersection of the station 
plane with the plane of the circle). 


Join DC and draw BI parallel toSD. SDC=right 
angle=S E D=BIC. 
mis IC=EC, and DI:IC::SB:BC::BE: 


EK=BE and join DK. BK=2BE and BF= 
2BO, .. KF=2EC. 

It follows that SB:BF::BE (or EK):KF. But 
K D bei to GBH those lines cut off from F H, 
FDand ¥ roportional to F K and FB; andasSB: 
BF ::EK: KF, the triangle S BH is similar to triangle 
EKD. Therefore angle HS B=angle D E K = right 


le.—Q. E. D: 
f a line is drawn through H and E, Fig. 4, then on any 
line parallel to HS and DG the distance cut off by the 
outer lines HDF and HB will be bisected by H E be- 
ae of the yj t. the - ; les ae Whence, 
if we now suppose represent the plane of the original 
circle and the points F and B to —- tangents to it 
rallel to the picture, it follows that the perspective of 
he point E on the picture will bisect the perpendicular 
distance between the pegestioe of those tangents and 
will be the centre of the ellipse. The rT E may, there- 
fore, be found by first dra HB and HF ona plane at 
right angles to the e of the circle and to the picture ; 
secondly, bisecting the line on the picture joining the points 
in which those lines cut it; and thirdly, drawing H E 
through the bisecting point. This method will be more 
convenient than that explained with reference to Fig. 1, 
when the plane of the circle does not make a aoe 
with the picture. _ The —_—- of the point E does not 
pend on the distance HS. To return to Fig. 4: the 
spective of the diameter BF will conv 
point (which will be the point of sight i 
circle is at right angles to the picture) ; and 
parallel to D G will be bisected by the 
whilst the perspectives of the ts SD and S G will be 
parallel to the perspective of B F and will be 
tangents to the ellipse. The perspectives of B D 
will thus be conjugate diameters of the ellipse which is 
perspective of the circle. 
Draw the quarter circles A B C, D E F, Fig. 5, with radii 
respectively equal to the major and minor semi-axes of t 
roposed ellipse. As the ellipse may be regarded as 
ving ordinates parallel to the minor axis O D, which are 
roport.onally diminished frem the sines, such as B G of the 
Larger circle A B C, or as having ordinates at right angles 
to the former, but proporti increased fro: cosines 


to a vanishi 
the plane of the 
the ch 
ive of ; 


lines | points EB, this bei 


. | whilst BE 





m the 5 
such as H E of the smaller ci DEF, it follows that the 
respective sines and cosines for corresponding points of the 


two circles, that is points such as B E on any one radius, will 
intersect each other in points such as the point I through 
which the ellipse D I C The mt J 1 K tot 
ellipse at I cuts the axis in the same points J K as the 

ts J E and K B to the circles at the corresponding 
a@ consequence of the ordinates of 
the elli havi the same ratio to the corresponding 
sines and cosines of the circles. 

If from the points B E ordinates BM Land MEN are 
drawn at right angles to those already referred to they 
will intersect in a point M through which passes an elli 
A MF, having its axes equal to those of the other ellipse 
DIC, and which may in fact be considered as the same 
ellipse turned a quarter round. The ordinates drawn from 
a rectangle M B I E with two corners on the radius O E B, 
and the other two I M in the ellipses. Draw I O and M O, 
which will be semi-diameters of the ellipses, and they will be 
ae diameters, or strictly speaking M O is equal but 
at right angles to the semi-diameter, which is conjugate to 
the semi-diameter I O in the semi-ellipse of which DI C is 
eel 7 thie eabroniie pone a . a — 

ents at their mities recip ly el, an 
elgg ome . hae right pe vy semi- 
i ; for ing at right es O E, le 
H J E=angle N O E ; and because E EI ': NE: EAL 
the angle EJ I=angle EO M, andangle H JI = le 
NOM, whence JON being a sight nnole, J 1 K mast be 
at right angles to O M. 

Join MI and line each way to meet the axes 
nee MI and BE are diagonals of the 
rectangle M BIE which has its sides 1 to the axes 

rolo passes hmag: ay centre O, it is 
obvious that RO—R P=R Q, also that O D=O E=O0 F= 
PM=QL, and also that OA=OB=0 C=PI=QM. 

Therefore, a pair of conjugate semi-diameters of any 
ellipse being given, to find the major and minor semi-axes, 
draw onesemi-diameter O M at rightangles to its proper posi- 
tion, draw a line through its extremity and that of the other 
semi-diameter OI, bisect MI in R and make R Pand R Q= 
BRO, draw the axes through P and Q and set off the major 
semi-axis OC=PI=QM and the minor semi-axis O D= 
PM=QI. The method of finding the axis from a pair of 
conjugate diameters is given in ine’s ‘‘ Applied Me- 
chanies,’’ but without any demonstration. 

If the radius O B, Fig. 5, happens to be the diagonal of the 


as 
P 


Fig 5. 

















ns S< 23 @ 


lelogram O DS C, the sides of which are respectively 
equal to the major and minor semi-axes, both corners M 
and I of the small lelogram formed by the sines and 
cosines will be in the ellipse D MIC, as shown: and by far 
the best method for drawing an ellipse without an ellipto- 
gtaph consists in first ing the points M and I corre- 
spon to the mal radius, secondly, drawing arcs of 
circles for D M and CI, and, lastly, putting in MI with 





the aid of a French curve. Newton showed that the curva- 
ee 28 SAE ana NE TaGh at and near the 
diagonal O S than at any other part ; it is a mistake to 
attempt to A -« in MI with the compasses. This method 
applies to ellipses having any ratio whatever between the 
axes, and shows in each case how much may be moperiy 
drawn with com: It is remarkable that the vallien 0 
cutting the long side of the is always at 
45 deg. to the axes, and that the ordinates drawn through 
its intersections with the circles cut the diagonal OS in a 
point which is in the ellipse, thus affording a simple means 
of getting a third true point at the most critical part of the 
ellipse. 
THE MINERAL WEALTH OF JAPAN. 
By Henry 8S. Munroz, E.M. 
(Continued from e 39.) 
Present Condition of Japanese ietase.—Aben to the 


records of the Mining Office, there were in 1874 no less than 
1856 ve mines in Japan, and im the same year 637 
ts to explore for minerals and metals were 4 
this large number of mines, my own 0 lead 
me to believe that not more than four or five cent. are 
actively worked ; and these few supgly 60 t0 76 pec souk of 
the total ‘Product of the empire. 
The following —ow the mineral product of Ji 
for 1874, as estima by Mr. J. G. i. Godfrey, chief 
engineer of the Mining Office : 
Mineral Product of Japan—1874, 
eal. wu we” 300,000 toms (2240 Ibs) 
Cont 


4. 

5. Tin 

6. Silver 

7. Gold... <M 

8. Petroleum ese +» _ 275,000 gallons. 
Compared with the yield of the country in the times of 


a. 
2. 
3. 
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‘ortuguese and Dutch trade, this table shows a great JAPANESE CoAL FrEnps. 

fling off,’ parti ly in the production of gold and silver. 
This falling off is mainly due to two causes, viz. : f 4 ‘ 

1. The increased and ing value of labour. = r 

2. The exhaustion, seol ax peated, of the richer or more § i. 3 M 

ily worked deposits. 
cathe first aon, the rise in the value of labour, is still |“ Isuanp. Name or Coat Frecp. 3 35 38 Kinpor Coat, © 
operative, and can be only overcome by labour- 5 ‘3 
saving appli In fact, the value of labour has not E 52 ; j 
yet eeabed its proper level, and will certainly continue 3 4 
to rise for some time to come. This cause alone will prevent a 
most of the abandoned mines from being reopened with | nar t t 
profit even with the aid of the most approved methods of Yesso ... ...|[shikari coalfield, upper measures ... 600 | 6-12 |2t019| 45 (Bituminous dry and coking. 
mining. = lower | 2400 | 4 |2,, 4] 10 ; : 

2. Many of the best mines of the country have been| ” ler, 2? ” ” ” ” ry) . 
aisadles far as the lowest natural i level, the ” -++|Ka oar es - <y oe 1 = — ” a - » »» and coking. . 
workings having carried to considerable depths, and ” *" Twaki — o 200 ae | 44 ” 61 108 »” sy Coals, 
the life of the mine prolonged to the utmost limit, by the eS ge “lM tenhe cual a » ; ” ” % 
aid of long drainage tunnels, ran with great skill, and often | “'PP° hee oe i < ove pee aes 8 a ai E, «. # 
requiring the patient work of generations for their comple- ” “lh ow a 260 ove te Bi hraci me = 4 
tion. These mines cannot now be worked for want of Shikoku pete a ee 300 ove tuminous, and coking 
means to get rid of the water, the Japanese pumps and Kiushiu “Ti one Siniiiant nace 350 "3 |3 to 4| io* Md ” oniceld 
water buckets being capable of dealing only with small me. coalfield, upper measures 350 0 1 31 15 ” + king. 
quantities of water and moderate depths. tig ” “he + coalfield® ” r iwels 16] 5 2 ae 

There are —_ : — of —_ valuable fe yo 2” "| Miike eld : 25 9°14 ” 8 15 ” “ : ng 

he country, partic of silver and of copper, which, for ” a coalfield ;... +s § ” ”, ’ ’ 
Rocwen?) litem tae, ekierediea onl: © "’|Amakusa anthracite fields 10 | 2/2) 8]. 5® |Anthracite. 


a small scale in the upper levels only. By the use of small 
mining pumps, driven by steam or compressed air, most of 
these mines can ey be reopened. By the introduction of 
better tools, skilled labour, improved methods of mining, 
and a more rational system of administration, they can be 
worked with profit. 

In most cases, these mines, if reopened, will not yield 
large profits, owing to ch: conditions and the poverty 
of the deposits. Thereare, however, a few mines which are 
exceedingly rich, some of which are even now yielding more 
or less profit, though worked in the most careless and 
extrav: t manner. As a rule, indeed, the richer the 
mine, the greater the mismanagement. These mines. 
properly worked, would undoubtedly prove exceedingly 
valuable. 

Much has already been done towards improving the art 
of mining in Japan. Two members of this Institute, 
Messrs. Blake and Pumpelly, who visited that country 
about fifteen years ago, had the honour to introduce the 
application of powder in mining ; and, although the miners 
have but imperfectly mastered its use, they have been 
— thereby to undertake many works otherwise impos- 
sible. 

Other engineers have since visited Japan; some merely 
to examine and report upon particular mines or districts, 
some to open mines and establish smelting works. 

The Government Mining Office has under its direction a 
large number of mines, four or five of which have resident 
foreign engineers with efficient foreign assistants. In this 
way a0 bile of Japanese miners and furnacemen are 
pee trained, and foreign methods and pr  intro- 
duced in the most effectual manner. Incidentally, some of 
these mines have already been made to yield pecuniary 
profit ; eventually, it is expected, all will at least pay ex- 
penses. Until within a year or so the mines available for 
these governmental experiments were, for the most part, 
those which yielded little or no profit by Japanese methods ; 
the richest mines being under the control of private parties. 
The temporary losses resulting from the working of these 
poor mines will, however, be more than balanced by the 
advantages gained by the introduction of improved mining 
methods ; and when the operations of the Mining Office are 
extended to the richer mines which have recently come 
under its control, large pecuniary profits will certainly 


appear. 

All these advan s might, however, be far better at- 
tained, and attained at much less expense, by private 
enterprise. The capitalist, whose fortune is sunk in the 
mine, demands of the engineer in charge a rigid aecount of 
every expenditure ; and an economy of working is thus 
secured which is impossible under the perfunctory super- 
vision of Government officers. In ee ony A experiments 
and making 1, eee for private parties the engineer is 
forced to feel that economy is of the first im ce ; and 
while he is thus fettered to some extent, and often obliged 
to Five up some pet scheme, still the restraint is wholesome, 
and gives a powerful incentive to careful thought and well- 
digested plans of work. Engineers may of course be found 
who will do as good and as careful work for a government 
as for private capitalists; but they do this from a sense of 
duty alone, knowing that their efforts are not likely to be 
- appreciated. 

rom private enterprise will result economy of working 
and therefore increase of profits. Better methods will be 

» and experiments and explorations will be more 
carefully conducted. . The Government also, no less than the 
country at large, may reap direct advantage from the in- 
troduction of private capital ; for, by a system of royalties, 
it may obtain revenue as great as, or even ter than, 
that now realised by working the mines. The capitalist 
will be amply repaid if he saves and secures the mon 
which under Government would have been wasted, a: 
might in some cases safely agree to pay as royalty twice 
or three times the profits obtained under governmental 
supervision. 

me means must, of course, be taken in such case to 
prevent wasteful mining, which is sometimes most profitable, 
and to secure the safety of the miner, which is often disre- 
garded. With carefully framed laws and occasional 
governmental inspection these evils may be, in great 
measure, prevented, and all the benefits of private enter- 
prise secured. 

These benefits cannot, I fear, 
Japanese capital. If familiar with 
be ay capitalist usually 

is 





\ invests his 
& profit by Japanese 




















Average thickness of 





Total area of coalfields, about 5000 square miles, 
i coal, 15 ft. 





and, even though this profit may be small, he is naturally 
unwilling to jeopardise it by changing the plan of work for 
foreign methods with which he is iliar, ee 
he sees that most of the Government mines, where these 
foreign methods are ns are now worked at a loss. 
And, on the other hand, in case the Japanese capitalist 
adopts foreign methods, he would in most cases be suspicious 
of the foreign engineers in his employ, and would 

and bese them by his want of confidence. Finally, 
t h his ignorance of these new methods of mining, he 
would be unable to properly check the expenditures, and 
thus the most important element of success, the oversight 
and control ofthe owner, would be wanting. 

At present, by the Japanese mining laws, no foreigner is 
permitted to have pecuniary interest in a Japanese mine, 
and the governmental permits to explore or mine become 
null and void if transferred wholly or in part to a foreign 
ye In view of the objections to governmental mining 
and to the use of Japanese capital, it would seem highly 
advisable that this law should be altered or ‘ e 
introduction, under proper restrictions, of foreign capital, 
either alone, or better associated with Japanese capital, offers 
the best and cheapest means for realising the advantages 
= — mining methods, and securing the best services 
of foreign mi engineers. 

A number of pee students have been sent abroad to 
study mining, others ghey wes similar course of study 
. oe oo he Engineering Co! of the 
Department of Public Works; and the De ent of 
Edueation pro to establish a Mining Co! in con- 
nexion with the University of Tokio. These students, 
when they finish their respective courses of study, though 
hardly competent to take charge of large works, will be of 
great service as assistants to foreign engineers, and at the 
same time may obtain the necessary practical rience to 
fit them for positions ~~ oe responsibility. hen the 
mines of the country s be under the supervision of well- 
educated and experienced Japanese engineers, the objec- 
tions to the use of Japanese capital disappear. But this, of 
course, will not be ible for many years. 

Japanese Coal Fields.—By far the most important of the 
mineral resources of Japan, though at present but imper- 
fectly known, and still more imperfectly developed, lie in 
— and numerous deposite of coal found in so man 

the country: Coal occurs in all its varieties—peat, 
ood, lignite, brown coal, bituminous coal, both dry 
coking, anthracite, and graphite. Out of the thirty- 
eight ken * and fu into which Japan proper is divided, coal 
is found, or reported to occur, in at least -five, an- 
thracite coal in two, bituminous coal in eleven, and 
lignite in sixteen. In the case of the other six ken I have 
learned, from various sources, the fact of the occurrence of 
coal, but not as yetits kind. 

TheTable given above, based on my own notes and on other 
sources of information, will indicate something of the extent 
nee of the more important of the Japanese coal- 

e 


The area of the Ishikari coalfields is calculated on the 
supposition that the coal rocks are continuous between the 
Is) iV: and the exposures of the same rocks on the 
south coast. This continuity has not been proved, but 
seems probable. The area of the Kayanoma fields was de- 
termined by actual survey. The areas of the lwaki, Karatsu, 
Nagasaki, “and Miike coalfields are estimated from data 
obtained in visits to these places. The estimated area of the 
fields is based on wéll authenticated reports of coal at many 
localities within the assigned limit. 

i area is yet unknown, and for 
in the above Table, it seems pro- 
bable that the total area of the coalfields of Japan is not 
far from 5000 square miles, as s above. 
that cle og ge pow only is underlaid by the upper 
measures, with 50 ft. of coal, the average thickness must be 


at least 15 ft. 
(To be continued.) 
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were, in October, 1876, thirty-five, 


* The former division of J: into provinces (or 
ecu by now retained onl yy ee ro 
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* Including Takashima and other islands in Nagasaki Harbour. 


FOREIGN AND’ COLONIAL NOTES. 
A Great Exhibition at Rome.—It is stated that a French 


company is being formed for the purpose of ising an 
international iniled €n > guid ceale, Or ha Dk io 
Rome in 1880. 


Public Works in New South Wales.—The loan estimates 

in the late session of the New South Wales Parlia- 

ment provide for an expenditure of 2,500,000/. upon public 
works in that colony. 


Indian Iron Making. — Lieutenant-Oolonel Mellis has 
issued an account of the results which have attended an 
iron works experiment at Burwai in Indore territory. 
The works were started in 1860 on the model of some 
Swedish charcoal iron works which Lieutenant-Colonel 


ry = » formerly Political Srpecitente mt at Nimar, 
visited during his absence from India on furlough. The 
works which, together with the machinery cost 12,5001., 
wary, tomagiohd 7 the. clowp 06, 100838 sum of 
abou’ was subsequently spent collecting a large 
| a cd of iron ore and charcoal, and in the production of 
icks. The object seas te maseafaginne pigend woenees 
iron, with the aid of c obtained from forests extend- 
ing from Burwai to Chandgad on the Nerbudda. The blast 
furnace had, however, scarcely commenced working when 
it was found that native skill was incompetent oy it 
going. An attempt was made to procure hands 
m works. at Beypore, but this attempt frustrated, 
as the Government of India suddenly resolved upon 
the Burwai works, on the ground of their having p 
unremunerative. 


Melbourne and Hobson’s Bay Railway.—Fresh negotia- 
tions have taken place between the Victorian Government 
and the Melbourne and Hobson’s Bay Railwa; 
a view to the Levee py the Government 


in 
Canterbury (N.Z.) Railways—The receipts of the rail- 
Dantenvary the 


ways of the ipeovinse of (New Zealand), for 

eens me ake te been 124.5181, the prog 
of the vin, 

realised for the taaivenenthe wap 61,2931. i ams 

since Canterbury had no existence as a province. 


Queensland Railways.—The Queensland Government 
proposes two extensions of existing and three new 
ways. An extension from Warwick to the southern 
of the colony, 68 miles, . is estimated to cost 490,0001. ; 
an extension of the Northern Railway from the 
Rive, Rg Pig. ms rag j 

roug Gympie is 65 miles 

be constructed 





a mes 
able. A line from Townsville to Charters 
in length, is estimated to cost 588,0001. 

Railway Works for Sydney (N.S.W.).—The New South 
Wales 5 lotta By bs the 4 of a block 
of land at Parramatta J as a site for railway work- 
~e The site contains 83 acres, ha’ a frontage to 
both sides of the railway and to the 8 road, and it 
has an inexhaustible supply of fresh soft water. 

Iron Making in. France.—In 1874, France produced 
La te Sele is esse 

iy . a iron rance 
in 1874 was 886,000 tons ; in 1875, if declined to 810, tons. 
The quantity of meee! cher eers in France in 1875 
the corresponding uction for 1874 by 48,000 tons. 

American Lake Disasters —It appears that the number 
of disasters upon the American lakes in 1876 amounted to 669. - 
The value of the lost last year was 1,173,260 dols. 
The number of lives lost was 155. 
to have been rather an e3 uy 

Northern of France Railway.—A 
Monstault is to be shortl, 
structure of thi i 

























60 


ENGINEERING. 





(Jan. 19, 1877. 





METALS. 

£ 

ANTIMONY OnE (perton)— 14 
(per 


seeceeseesseses 





Pipes . ‘ 
Ooprser (per tou)— 
Chili 








(The above all dciiverabi 


South 


Yorkshire Thorna pig. 
Ridsdale Nos, 1 and 2 ,,, 
dnom, Waovent— 
Cleveland angles...........« 
boiler pistes... 
ship ooeeg 
8 eeeeeceesee 
mal! TOMS .....0.0s00 


Staffordshire bars 





sss33s 
» Sgsee 


> 
; 
: 


ee BOW SK BO 





E 
E: 
i} . 
- 





ore eeeereeoes 


(per ton) 
— muvan (per bottle) 8 
Ota rahi for re-mana- 
yg ~! 


Pee eeereereeeesseeeee 


4 
a ee | 


Old steel scrap. 
SPa.rer (per ton)— 
Silesian, ordinary 


se eeeeceeene seen: cee 
Bost CAS... rrrrcsverseceneee 


» double 
pe dlliainty 


OOF secon eee cence eeeee 


secsseene 45 





” BEIOS cecccceseeee ET 
e DUMCS ncccoreveee 7 
INGOs wncrcrvrreee 7 

Swapmn Inon | (F0.b.) at 
Pig eceseeree —§ 
Bat rolled cccnans 18 
1s 
Tu um (pee ton) — ~ 
eyccermremonene | 


Ser ey 


see eee eeeees cee 





eacrcosmoaanoR™ Coamaamaceam CoOPoocoon 


eaoaono 


F eccocoo™ 


= 
enon oo oMusdougdoounoom 


— 
eam coasmocaacaooP cooococcce 


coPoocoo 


nw 
x 


E 


~ 


Ssss 


cal eccoen 


= 
“anon 





Tin—Continued. 8. 
English Dars.......ccccovcsoes 79 
English refined..,....c.00.00 8° 
Australian 14 





as PLATES (per perl 
LO. charcoal . _— 





24 
3° 

19 

oe « | 24 

Zino (per ton)— £ 
Sheets, English ..... eccscee | 98 
Wing, eatke ginemenenenene ir 


” Telegraph (galvan'sd) 7 


Coats (per fsa 
Barro 








ee 
so BOC Oz OO wo 3? 


Cleveland ....cccrreserersseeee 
Durham 





Os ecccseosesccecse | & 


r tun) .,. 








pisuneat = cwt.)— 
Ceylon lump 


” 





Railway Gereass (per 
x. A BRO80'S ..ccecceereeee - 8 
esin (per cwt.)— 
AMCTHCAD ver wsestueee 6 
TALLOW (per owt.) 
8. American beef 











ee sheep... 
Australian beef ...... 
st. Hoterabars, ms Tm 
(2 Btook Nol 9 
Tal a 19 
T 
geerenten 8 
can ( os ssorcocee 8S 
WIPINGS, ONZING .....c000000008 20 
CHEMICALS, 
ACIDs— 8. 
Supeteste (per Ib.) ..... © 
phuric acid (per Ib.) o 
Salpharic brown... o 
Amuonla — M @er £ 
ARSENIO— 8. 
White, lump (per ewt.).., 26 
Powdered (percwt.) .. 9 
BLEACHING powder percwt 7 
Borax—refined (percwt.) 42 
BRimsrons — — £ 
Rough .., ae | 
iI 
10 
4 
CWE.)  cecrscrevescrssereeses: 32 


LEAD, SaLTs, ac, “(per owt) — 

Acetate, SED chenane 37 
a3 
33 





Bombay. 
gona Caustic’. 
TINCAL (Bengal).....0000008 35 

TIMBER, DEALS, &e. 
LON 


ee eeeesecseoses 


(Per Petersburg 


a 





COALS AND CO 


coo 


en covcceccePs “usoFoace 


Porognp® eo a@geoore0o%70 © & e606 08 + 


eeoSFooao 


os “coo ° 
& eovce ° 


eovraem 


35 


~hS=S27RPooo, 


coo 


aeeansaann 


eo 


OILS, GREASE, & LUBRICATORS. 


| eal 


©COOmR OM ws PEeOOO OOO 


qQoacwocooa0m oo 


eoC0o m CoCo © & COSFooooPorgumne 


standard) £84 £8, 4. 
Archange! rte oara 16 10 





£aqaqé_*a4 
Swedish deals, inferior 


ONd 44D .....c.cceeccseee 9 8 O IL OO 
(Battens 30s. 
deals) 
Finland deals Ist ° mic 3° 
” battens e0u23°00 
” H. 8. deal: eo 810 © 
. 8. battens... ~ eo 8 oo 





AMERICAN DEALS— 


Quebec Ist bright pine... 21 © © 3§ 19 © 
” ~ owe 12 10 0 If If @ 
eomuweoe 


ard 
Floated pine 40s., 20s., “and 108., less ‘for lst, 
2nd,and "ard, “respectively. 





Oanadian spruce, lst...... 10 0 0 12 0 0 
= @ 2nd... 810 0900 
ae pe rd .w 7 § 09 BOO 

New Brunswickspruce,, 8 0 © 810 0 

Ditto battens ....... 710 0 8 OO 

N. 8. & P. B, Isle spruce z= 8 eo 

U.S. pitch pine ........... 10 @ 13 10 @ 

AMERICAN TIMBER— tperioad) 
ss P (mixed and 
ding; $10 0 40°00 

Do. for yards ‘and ‘spars 410 0 § 0 0 

Yellow pine, large ........ -§ 00 g10 0 

Ditto waney board ...... 40°00 500 

Ditto small .......00+6 eccocce 9 31 © § O O 

3° 0 g15 0 
600700 

§$o0 0 510 0 

410 0 0 OO 

4°00 g 00 

410 0 510 0 

4100 5 0 © 

710 o0 '810 0 

8eo0 10 8 O 

1m ee 300 

8oeo 900 

600 710 0 

0°45 0 

° gst9 © 

o 410 0 

o 400 

° 300 

eo 315 © 

e 210 0 

© 310 0 

o 215 0 

eo 3215 © 

eapecccneceeseceoscesese 30 32 5§ 0 

FLOORING BoaRps (per sq. 
of 1 in.)— 

First yellow.... 6 o1g 6 
white . ; : 13 0 

Second qualities 12 0 





The above prices “at “une Docks.” 


LIVERPOOL. 
WHOLESALE Prices OF TIMBER, DEALS, &0. 
From BaitisH NORTH AMERICA. 
Pine Timper (per cubic 





foot string measure) £a4 £8,4 
Quebec yellowsquare ., 0 1 § O93 3 

’ roe 4 nw © 8@es8 86 
8t. John’s, N. .18in.. © 322 0 2 4 
Miramichi and British 

or 2 ee 
o1r4° 8 
or4¢otn 8 
@s4¢eosny? 
o234 ©0341 
eo1rmoas4 
o1r6e30 
eo1rg90e323 

Unii a - ©$ 0 © 4 6 
Birch, S8t.John’s,@c.N.B, o 1 4 oO 1 9 

° } ag —— acceene © 8 F 110 

ova Scotia and 

Prince Ed or2aer sg 
ae Sonne. pee 

( ) sececersecseeeees ©2326 e 30 

DBALS AND BATTENS “(per 
Petersburg standard) 
Quebec yellow pine, lst... 20 o a2 0 © 
Quebec yellow pine, 400 I§ 0 © 

m = gto 0 10 § © 
St John, Bangor, &c., 

BPTUCO ...sorrescereerrersee 710 O09 FY IB 6 
Ditto, other ports ..,...... oo 437123 6 
St. John mixed pme...... 7 0 0 7 § © 

eoecccccoccoccecee 10 0 810 0 
99 SPEUCO  cccscceceees so 75 0 
From THE United States, EAST AND WEST 
INDIES, AND AFRICA. 
eo 
£8.4. £ 8.4. 
sweets, wwe © 8 het 6 
? eevee nseces O FT 3 or 6 
ie @- 9 oe 311 
Stier 
teak(perild) 11 5 © 11 10 © 
CORK. rrrecessresrenee 9 § © 710 0 
Guanes ~ 715° Fwe 
Demerara Morra............ 650 610 © 
Bullet tree (per foot) e020 @ 2 6 
Faou THE BALTIC, £0 
(Per cb. ft. string measure) 
timber, Rigared..... 0 1 2 © © 4 
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£eaa £ 0.4 
o16 erg 
Se Bis eo41ée 
eos 6 @48 
2.0.4 24 
e108 @f 32 
Wemasee a ealligen 
Sy —-« ae 063 06 9g 
Ditto brack ..... itiv—_-§ 2° ¢ © 6 3°98 
Oak timber, Dantzic 

(string measure) ...... © 2° @8 3 4 

Pit props per linealyard o o 2 © © 4 
DEALS, &.— 

(Per Petersburg standard) 

Kedwood, Archangel, _ 

Onega, yer oo 19 09 8 
Ditto, ditto, 20d  seesereee 4 oo 1 0 0 
Ditto, ditto, BPA .roccoccscee 10 © 13 0 @ 
Kedwood, Petersburg lst F e0o 8 0 0 

a ” 2nd 13 0 0 144 09 0 
” Wyburg ....... os . oo 300 
" Uleaborg ...... Irt0 © 12 0 © 
om Gothenburg.., 12 0 0 16 0 9° 
® Gefle and Stock- 

BARI scnceacnsteeranedseetecs 13 eo 1600 

MAHOGANY, &. (per foot 1 in.) 
City St. Domingo e°o7 Of $3 
CUDE ssorssevereessees - oo of Oo oO 9g 
BAaDiCu .cercoccee soveee e°o5 O09 08 7 
Uedar, Havana, &. oo 4400 5 
Sleepers, Hackmatack, “each 

9x10x5 036040 

» Pine . °30 030 

ee Hemlock ,, °o23 02 6 

e Fir ccocccccccsocossse © 3 Q@ @ § § 

ULL. 

(Per load). 

Memel crown firtimber... 4 7 6 410 0 
» ” 2nd 310 0 gIf o 
Riga and Dantzic lst ...... 4 § 9 410 0 
= 2nd .. $00 © 098 8 
Swedish 217 6 326 
- 250 2100 
42°90 32§ 0 
(Per cubic f % 
Quebec elm... 27 02 8 
pa 110 020 
” 4 @ as 
St. John’s birch 18 o©20 
Pisch pine, —— s 3..6.3 8 
~ 52 Bess 

(Per Pelsubenet standard), 
Best Arch, and Onegared.,, 19 § © 2010 0 

Pa pipe <a 13 § © 1910 © 

e0ootuia 6 
761500 
© 2010 0 
e 1810 © 
© 1g 10 © 
6 m1 0 
QUEDEE BPTUCO....+0.c0cereeeere ° g19 o 
Baltic 1st red flooring bds. 14 . om . ° 
Ditto white ........ ercececccece: -12 0 O 12 ° 
Charge for labour 2s. per standard for deals, &e. 
and 1s. 6d. per load for timber. 
WEST HARTLEPOOL. 
(Per cubic foot ) 
DANTzI0 crown fir 13 in., 
average 12 ft. tol9pft... o r § of Sh 
Ditto good middling ditto 
13 in,, average 12 tol6jft. o 1 g oO 1 4 
Ditto ditto, 17 ft. to 21gft. o 1 4 oO © 44 
Ditto common middling fir 
13 in. ~ > ~pebemesin a es 6's 2 
Sundowall fr ......0.000ceee O FO Ot 
(Per load.) 

tangular red fir 

sleepers, 9ft.,10 x5... 2 6 3 2 7 6 
(Per Petersburg standard. 

Riga crown white deals...... 10 2 6 10 § © 
Ditto half CrOWD......00008 910 0 gg If 0 
1§ @ 10 0 
oo 410 0 
a6 1210 @ 
$ 0° 10 7 6 
19 © 1312 6 
Io © 13 10 © 
eo e800 0 
760m ge 
we 8@ 8 
” ” toomurg8:. 
Petersburg Ist red deals... 18 5 © 19 0 © 
Quebec Ist pine 3in. x 7 in. 
Od UPWATAS,,,.....0.0000000 34 © © 24 10 0 
Ditto, ditto, 2nc .. eo coo°8o 
tto, , 3rd .. eo e008 
Wyburg Ist red battens ... 11 10 © 12 § © 
Let d ,, deals and 
ceeccee ecceccee s 1n12 6 
Canags tet boas TE a cna fio tle, bn 
and ls. 6d, per load for timber. 
WISBEAOH. 
(Per Petersburg standard.) 
Memel 2nd red deals.,......, 123 § o 12 7 6 
8rd o ccsmes IE § O IF 7 6 
Geile 3rd red‘deals......... 12 10 0 13 0 © 
Gothenbrg. 2nd red deals... 13 5 o 13 10 © 
” ard w12 00000 
Petersburg Ist red deals... 18 5 o 18 7 6 
a » » battens 1615 © 9 0 0 
- » White deals 11 10 © 19 § ° 
@ ” » batts 101 © @9 8 O 
Free on railway 
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world about 19 000 tons, of 
Britain a tenet teae 
general Stal fer 400,00 tons of this 
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navies of the Tue Sumz CanaL.—The number of which passed | 
which Great h the Suez Canal last year was 1457, as compared | profitable results las 
figures in the | with 1494 in 1 and 1264 in 1874. The amount of the | rather a dull month, 
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business of the canal was thus attended with slightly more 
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THE LOAN COLLECTION OF SCIENTIFIC 
APPARATUS.—No. VI. 
ELECTRICITY AND MaGNETISM—GALVANOMETERS, 

Tue electrical section of the Loan Collection 
which was closed to the public on the 30th of 
December was especially rich in instruments for the 
detection and measurement of differences of electric 
potential and of currents of electricity. The galvano- 
meters and electrometers alone formed a collection 
well worthy of a day being spent upon their in- 
spection and study, for they constituted not only a 
very complete and characteristic collection of all 
the best forms and improvements, but as a series 
illustrating the history of the science of electrical 
measurement and of electrical research in general 
they were of great value. Many-of the early instru- 
ments of the great pioneers of electric science, not 
a few made with their own hands, were exhibited, 
forming the suspending links in a long chain lead- 
ing to and supporting the more complicated modern 
and beautiful instruments of Sir William Thomson, 
Siemens, Wheatstone, Varley, and others. 

It was in the year 1819 that the Danish phi- 
losopher CErsted made his great discovery of the 
deflection of the magnetic needle by an electric 
current, From this source two great streams 
diverge, the one flowing through the domain of com- 
merce, the other through that of research; the first 
is telegraphy and the second is electro-dynamical 
measurement. It is to CErsted’s discovery of the 
relation which exists between magnetism and 
electricity, followed as it was by the researches of 
Ampére and Arago, that the world owes the electric 
telegraph and almost all the inventions in which elec- 
tricity is employed for producing mechanical motion. 

We have in previous notices of this collection 
referred to the early forms of electro-magnets as 
well as to the original stand made by Ampére for his 
investigation of the action of voltaiccurrentsuponone 
another, and by which he deduced the laws with which 
his name is indissolubly connected, but it will be well 
for the purpose of this notice to quote what is 
called Ampére’s law, by which the direction of de- 
flection of a magnetic needle when influenced by a 
voltaic current is stated, We need not remind our 
readers that if a wire conveying an electric current 
be brought into the vicinity of a magnetic needle 
(such as that of an ordinary compass), in such a 
way that the direction of the wire be more or less 
parallel to that of the needle, the latter will be de- 
flected to the right or the left according to the 
direction of the current along the wire, and its 
position above or below the needle, the amount 
of deflection being proportional to the strength of 
the current. This was (Ersted’s celebrated experi- 
ment, and Ampére from it deduced the following 
rule which bears his name, and by which the direction 
of deflection may easily be remembered. 7 a person 
supposed to be swimming along with the current (i.e., 
towards the zinc element) with his face to the magnetic 
needle, the north-seeking pole of the net will be de- 
Jlected to his left. From this rule it follows that if a 
wire conveying a voltaic currerft above a magnetic 


needle be bent down at one end, and carried back | i 


underneath the needle in the opposite direction, its 
effect instead of being neutralised will be doubled; by 
carrying it round another complete turn the effect will 
be quadrupled, and thus by coiling the wire many 
times round the needle in the vertical plane of its 
length its deflecting effect will be multiplied many 
times, An instrument so constructed is the multi- 
plier of Schweiger, which is the galvanometer in 
its —— and most primitive form, Of this instru. 
ment there were several specimens, both historical 
and modern, in the Loan Collection. 

One of the first modifications of Schweiger’s 
instrument and at the same time the earliest galvano- 
meter which has any claim to accuracy as a measur- 
ing instrument, is the sine galvanometer invented by 
Pouillet, the original of which was at South Kensing- 
ton, a contribution from the Conservatoire des Arts 
et Métiers. It consists of a declination compass 
the index of which traverses a horizontal divided 
circle, by which its deflection may be read off. 
This horizontal circle is rigidly attached to a frame- 
work which carries a large vertical circle of wood, 
whose centre coincides with the point of support of 
the etic needle, its plane passing through the 
zero Pa + of the horizontal circle; in a groove 
roun by yews of this vertical circle 
is wound a thick insulated co wire thro 
which the current to be oti ¢ is made to = 
and the whole of the framework i th 
vertical and horizontal circles may be moved See 





any angle of azimuth, the amount of which is in- 
dicated by a second horizontal circle and vernier. 
Measurement by this instrument is made in the fol- 
lowing manner. The circles having been placed so 
that the vertical circle, the zero point, and the 
needle all lie in the magnetic meridian, a current is 
sent through the wire and the compass needle is 
consequently deflected, the vertical circle is then 
ae until it overtakes the needle, that is, until 
the latter points again to zero; in this position the 
terrestrial magnetism tending to return the needle 
to the magnetic meridian is balanced by the deflect- 
ing action of the current and equilibrium is estab- 
lished, and it is found that the terrestrial couple 
acting on the needle in this position is proportional 
to the sine of the angle through which the vertical 
circle has been turned, so that the strengths of dif- 
ferent currents under comparison by this instru- 
ment are proportional to the sines of the ultimate 
deviations of the needle which they produce. 

A simplification of the sine galvanometer is the 
tangent galvanometer, of which several specimens 
were included in the collection. In this instrument 
the vertical circle has no motion in azimuth, but is 
rigidly fixed in the magnetic meridian, and the de- 
clination compass mounted at its centre is very 
small in comparison with the diameter of this 
circle, so that the poles being proportionally very near 
the centre of the circle the Reflecting action of the 
current remains practically constant at any position 
of the needle. In order to permit the deflections of 
the short needle to be accurately observed, it is 
furnished with a long light index of glass or alu- 
minum, which traverses a horizontal divided 
circle. With this instrument the current traversing 
the coils is proportioned to the ¢angent of the angle 
of deflection. Tn the best form of this galvanometer 
there are two coils instead of one placed in vertical 
planes parallel to each other, and separated by a 
space equal to half their diameter. The short mag- 
netic needle is suspended in the common axis of 
the coils and half way between them; by this 
arrangement errors due to any eccentricity of sus- 
pension are eliminated. 

In all single-needle instruments above described 
the electric current, in deflecting the needle, has to 
oppose and overcome the directing influence of the 
earth’s magnetism, and the amount of deflection is 
the resultant of the two opposin ag forces. Itis clear 
that unless a current were powerful enough to over- 
come the directing influence of terrestrial mag- 
netism no deflection would be obtained; in other 
words the galvanometer would not be sensitive 
enough to detect so small a current. In order 
therefore to obtain an instrument capable of indi- 
cating very feeble currents, the opposing influence 
of the earth’s magnetism must be eliminated either 
by neutralising its influence by an equal and oppo- 
site external force, or by so constructing the needle 
of the galvanometer that it is uninfluenced by the 
directive action of the earth, 

The former of these methods is that of employing 
what is called a compensating magnet for diminish- 
ing the intensity of the magnetic field. This is an 
independent external net laid on the table in 
the magnetic meridian of the galvanometer in such 
a position as to counteract the earth’s magnetism. 
When such a magnet is employed it is often diffi- 
cult to bring the index to the zero point of the 
scale, and for this purpose a second much smaller 
and much weaker magnet is often employed as a fine 
adjustment, There were at South bangs several 


of these compensating ets, one of these (we 
think by Edelmann, of Munich) being mounted with 
pivots and capable of being put into any position by 
means of cords which can be manipulated from a dis- 
tant part of the room. 


The second method of neutralising the effect of 
the polarity of the earth is far more ect and is 
known as the aséatic system. In this system the 
single needle is replaced by a compound one consist- 
ing of two magnetic needles both rigid] 7 atemet 
to a vertical stem (which for the sake o: ee 
is generally made of aluminum). The n are 
fixed in the same plane, one a short distance above 
the other, and both are highly magnetised, but with 
opposite polarities, that is to say, the north pole of 

e upper needle is over the south pole of the lower, 
and vice versd; it is clear then that if both needles 
be equally magnetised the earth's m ism will 
induce he appt needle to point to the North as 
much as it induces the lower needle to point to the 
South, but as both are rigidly fixed , the one 
not being able to move without the other, a system 
is obtained which, while being uninfluenced by 





terrestrial magnetism, is at the same time more than 
doubly sensitive to the deflective action of an electric 
current, seeing that both needles are by it deflected 
in the same direction. 

Instruments of very great sensitiveness have been 
constructed on this principle. Fig. 1 is a sketch 








Fria. 1. 


of an instrument which is not only typical of the 
astatic galvanometer in its early form, and the form 
that has obtained in all countries for many years, 
until Sir William Thomson's beautiful instruments 
(to which we shall refer further on) were invented, 
but it is an instrument of very great historical 
interest, being none other than the astatic — 
meter used by Michael Faraday, with which his mag- 
nificent researches were made, and by which he 
detected the first magneto-electric current which 
crowned his reasoning with triumph, and gave him 
an honoured place for ever among the world’s in- 
ductive philosophers, 

This valuable relic was contributed to the Loan 
Collection by the Royal Institution of Great 
Britain, and a description of it will explain, with 
but slight modification, the construction of all 
the astatic galvanometers that have been in use 
during the last half century. It consists of a flat 
coil of insulated wire attached to the stand of 
the instrument, within which hangs freely the 
lower needle of an astatic system, the upper needle 
traversing a card disc on which a divi circle is 
engraved, and by which its deflections may be noted. 
This astatic system is suspended from a fixed — 
by a single filament of unspun cocoon silk, by w 
the friction of a supporting pivot is avoided. The 
two flat coils are joined together so as to form one 
continuous length of wire, the ends of which are 
led through the stand of the instrument into two 
little wooden cups containing m , and by which 
connexions are made. The whole is supported by 
four levelling screws, and a oy shade covers ,the 
galvanometer and protects it from dust and from 
the influence of currents of air. 

Various improvements have from time to time 
been made upon this simple form of instrument, but 
— have been of construction and adjustment 
rather than principle. Mercury cups have been re- 
placed by terminal screws, A motion in azimuth 
actuated from the outside has been given to the 
coils and dial so as to facilitate its adjustment to 
zero; the four levelling screws have given to 
three, and an arrangement is made by which the 
astatic may be raised or lowered from above 
without removing the glass shade. This instrument 
in all its forms, and with all these improvements, was 
represented in the Loan Collection by 
some of which exhibited magnificent perfection o: 


workmanship. 
One of the best arranged of the simple form of 
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astatic galvanometer was No, 1440 of the catalogue, 
and contributed by the director of the Physical 
Laboratory of the University of Groningen. This 
instrument is fitted with a beautiful adjustment for 
varying the resistance of the circuit, and the coils 
are very perfectly insulated so that it can be em- 
loyed for currents of high tension, such as the in- 
anal current from a Ruhmkorff coil, or, on the other 
hand, for euch currents as those from a thermo-pile 
ssessing but small power of overcoming resistance. 
he circular scale of this instrument is drawn upon 
a conical surface of white enamel, the index being 
prolonged and bent down so as to traverseit. By 
this arrangement the angular displacement of the 
needle is rendered visible not only from above, but 
also horizontally as seen by the audience in a lecture 
room, The principal parts of the instrument are 
covered with a shallow cylindrical cover of glass 
with a flat top, the necessary length of silk filament 
being obtained by suspending it from a milled head 
attached to the top of a vertical glass tube which is 
fixed to the flat top of the cover. 

One of the most valuable improvements of the 
galvanometer, and which is the connecting link be- 
tween the ancient and the modern instruments, is 
the attachment of a mirror to the needle, whereby 
a beam of light serves as an imponderable index 
of almost unlimited length, and consequently giving 
almost any degree of exaggeration to the scale. 
The first application of a mirror for the indication 
of angular displacements is due to Gauss, who em- 
ployed it in his magnetic researches to reflect the 
image of a fixed scale down the axis of a telescope, 
saline the smallest displacement of the body to 
which it was attached apparent by the motion of the 
image of the scale in the field of view. Sir William 
Thomson was the first to use a beam of light re- 
flected as a luminous spot upon a paper scale, 
and but for his invention of the reflecting galva- 
nometer, which embodied this principle, it is 
probable that the Atlantic am, and the many 
ocean telegraphs that have succeeded it, could never 
have been accomplished. I[t is a very common thing 
for one of Sir William Thomson’s mirrors to be 
attached to the needle of an astatic galvanometer 
of the old form in order to render its motions appa- 
rent to an audience. It possesses two other advan- 
tages however; in the first place the angular dis- 

lacement of the spot of light is, by a well-known 
- of optics, equal to double that of the mirror, 
thus making very small deflections easily mee 
and in the second place the displacement of the spot 
of light on a straight scale of equal parts placed 
at right angles to the zero axis of the mirror is 
equal to the tangent of twice the angle of displace- 
ment of the needle. Thus it gives directly what the 
tangent galvanometer can only give by calculation. 
he reflecting galvanometer of Sir William 
Thomson in its simplest form consists of an ex- 
tremely light glass mirror having attached to its 
back a very small magnetic needle usually made of 
fine watch-spring, the whole weighing but little 
more than a grain. This mirror, with its attached 
magnet, is suspended by a single filament of unspun 
cocoon silk within a circular coil or bobbin of in- 
sulated copper wire having an internal diameter of 
about jin. At about a yard distant, and at right 
angles to the axis of this bobbin, is placed a hori- 
zontal scale divided into equal parts, having its zero 
point. at ifs centre from which it is graduated right 
and left, Immediately below the zero point of 
the scale is a slit, behind which is placed a lamp in 
such a position as to shine ae the slit on to 
the mirror of the galvanometer. The light from the 
lamp is reflected by the mirror back on to the paper 
scale ; and a bright image of the slit is formed there, 
either by making the mirror slightly concave or by 
interposing a lens between the slit and the mirror. 
When the instrument is adjusted either by an ex- 
ternal magnet, by the torsion of the suspending 
fibre, or by the directive influenc> of the earth, so 
that the image of the slit falls upon, the zero point 
of the scale, it is ready for use, and if a current of 
electricity be sent through the en, ee the 
needle is deflected, and the spot of light takes up a 
position upon the scale which is a measure of the 
strength of the current. 

The history of the reflecting galvanometer was well 
told by the collection at South Kensington, Sir 
William Thomson’s first instrument being exhibited, 
and also qomees of all the intermediate improve- 
ments, ending in the splendidly finished instruments 
of the present day. Here were to be seen the original 
marine galvanometers used on board H.M.S. Aga- 
memnon and the United States frigate Niagara in 


the Atlantic expeditions of 1858, and through these 
instruments was sent the first telegraphic mes- 
sage that ever crossed the Atlantic. In these 
instruments the mirror carrying the little magnet 
was attached to a stretched platinum wire which 
passed through its centre of gravity, so that 
it was unaffected by the moiion of the ship, and it 
was adjusted to zero by the torsion of the two ends 
of the wire by means of micrometer screws. 
No. 1477 was the ironclad marine galvanometer de- 
signed by Sir William Thomson, and used on board 
the Great Eastern in the Atlantic cable expedition 
of 1866. This was the first instrument of the kind 
in which a silk suspension was employed instead of 
a platinum wire. 

The ironclad marine galvanometer is for use on 
board iron ships or in places where the disturbing 
influences of masses of iron would render the indi- 
cations of ordinary instruments unreliable. It con- 
sists of a marine galvanometer enclosed in a massive 
cylindrical case of soft iron, the needle occupying a 
central position; by this arrangement external dis- 
turbing magnetic influences are absorbed and lost 
in the mass of the case, and the needle is unaffected 
by them. 

The ‘speaking galvanometer,” by which tele- 
graphic signals are received through submarine 
cables, was erm by an instrument contributed 
by Messrs. Elliott Brothers. It consists of a reflect- 
ing galvanometersurrounded by a powerful coil which 
is embraced by the armsof a broad horse-shoe magnet 
for bringing the = of light to zero the instant a 
signal is over; and both back and front of the bobbin 
are covered with glass so as to protect the needle 
and mirror from currrents of air and dust. 

By far the most sensitive instrument for detecting 
an electric current and of measuring its strength, is 
the beautiful astatic reflecting galvanometer of Sir 
William Thomson, of which there were two fine 
examples at South Kensington, one contributed by 
Professor Barrett, of the Royal College of Science, 
Dublin, and the other by Messrs. Elliott Brothers, 
which we illustrate in Fig. 2. In this instrument 





there are two coils, the one above the other, sup- 
by two brass columns rising from its base. 

n the centre of these coils are the magnetic needles, 
which are rigidly attached to one another by a strip 
of aluminum foil with their poles reversed so as to 
constitute an astatic system. The instrumentis pro- 
tected from currents of air by a cylindrical glass shade 
having a flat cover of brassto which is fixed an upright 
rod of the same metal carrying a weak compensating 
magnet bent to a circular curve, which is capable of 
sliding up or down the rod, so as to have greater or 
less influence upon the magnetic needles. The rod 
carrying this magnet can be rotated by a worm and 
worm-wheel actuated by a milled head, by which a 
very delicate adjustment to zero may be effected, 
In front of the base-plate are four terminal attach- 
ment screws, by which the coils are put into circuit 
with the current to be tested; two idleng to the 
upper coil and two to the lower, so that the galvano- 
meter may be used asa differential instrument for 
— two different currents, one being sent 
through the upper coil and the other through the 
lower in opposite directions ; if when both currents 
are traversing the instrument no deflection be pro- 











duced, the currents are exactly equal, and the t 
of each upon the needles is neutralised by the other, 





but if there be a deflection, it indicates the pre- 
ponderance of the one over the other, and measures 
their difference. If however the two middle screws 
be connected together by a copper connecting piece, 
both the coils are placed in continuous circuit, each 
affecting the astatic system in the same direction, 
and in this way the instrument is arranged for ‘its 
maximum of sensitiveness. The resistance of the 
coils of this galvanometer at a temperature of 
18.88 Cent. is equal to 6133 ohms, and through an 
external resistance of 122.68 megohms a single cell 
of Daniell’s battery gives a deflection of 260 divi- 
sions on the scale, and a deflection of one division 
through a circuit of 31,896 megohms, the scale being 
placed 36 in. from the mirror. 

The other example of Thomson’s astatic galvano- 
meter, made by Messrs. Warden, Muirhead, and 
Clark, was contributed by Professor W. F. Barrett, 
of Dublin. In this instrument the case is square 
and the coils are used independently, the upper 
being of very high and the lower of very low resis- 
tance. Both these instruments are specimens of 
beautiful manufacture and of exquisite finish. 

Professor Barrett has contributed an ‘‘ oil vessel’’ 
galvanometer for demonstration purposes. This in- 
strument has not astatic needles, but it is rendered 
astatic by a sliding magnet above the instrument 
similar to the galvanometers last described. In 
order to reduce and steady the oscillations of the 
needle it has attached to the lower end of its 
spindle a sort of spade or vane which dips intoa 
oo vessel containing oil or glycerine, the viscosity 
of which offers a uniform resistance to its motion. 
The coil of this galvanometer is in two sections, the 
one of high and the other of low resistance, either 
of which can be thrown into circuit by means of a 
switch in the front of the instrument. 

Besides the instruments of which we have been 
speaking, there were other galvanometers constructed 
for special lines of research. No. 1461 was a galva- 
nometer designed by Wiedemann, which is provided 
with supplementary coils sliding upon guides, so 
that while their axes coincide with that of the 
central coils their distance from them may be varied 
at pleasure. These supplementary coils can be used 
either as adjusters in the place of an external 
magnet, or they can be employed for comparing 
and measuring various currents, and their effects 
upon one another. 

One of the most interesting and unique instru- 
ments in the collection was Professor Guthrie’s ab- 
solute galvanometer, or rather magnetic dynamo- 
meter, which is in fact a Coulomb’s torsion balance 
having the permanent replaced by electro-magnets. 
It consists of a light rigid beam suspended at. its 
centre of gravity by a torsion wire so as to swing 
in a horizontal plane. At each end of this beam is 
attached a small magnetic helix containing a soft 
iron core, When no current is passing these small 
magnets are at rest close to a pair of corresponding 
fixed electro-magnets, and a beam of light reflected 
by a mirror attached to the centre of the beam falls 
upon a certain mark which may be called the zero 
of the instrument,” The fixed coils being arranged 
so as to present similar poles to the movable pair 
(and all being joined into one circuit), when an 
electric current is sent through the instrument 
repulsion of the latter takes place with a force 
proportional to the strength of the current, and in 
order to force the coils back so that the spot of light 
returns to its former position, a torsion-head to which 
the suspending wire is attached has to be turned 
through a certain angular distance which is pro- 
portional to the square of the current passing through 
the instrument. 

Wecannot conclude this notice without a reference 
to a very interesting instrument, although it is not 
strictly a galvanometer. This is the first instrument 
designed by Sir William Thomson for recording 
upon paper the signals sent through long submarine 
cables, and which would be far too feebleto affectany 
electro-magnetic recording instruments. By this 
recorder a curve of perforations is produced upon a 
strip of paper by sparks from a Ruhmkorff induction 
coil which are directed upon the paper by a platinum 
wire moved by a magnetic seatle influenced by the 
varying current from the cable. This instrument has 
been entirely superseded by the very beautiful 
‘‘syphon recorder” of the same inventor, by which 
a fine jet of electrified ink is projected upon a strip 
of paper tracing out a curve by which the signals 
are recorded, Our readers will find a full descrip- 
tion of this instrument in an illustrated article 
which we published a few months ago.* 








* See ENGINEERING, vol. xxii. page 115. 
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SYMINGTON’S DALSWINTON ENGINE. 


AmonG the objects to be seen at the recently 
closed Loan Collection of Scientific Apparatus at 
South Kensington, there were probably none which 
had a greater interest for engineers than the little 
machine which the catalogue called the ‘ parent 
engine” of steam riavigation. This was the small 
engine—familiar in the history of steam navigation — 
which was designed by William Symington for Mr. 
Miller of Dalswinton, and which, in October, 1788, 
propelled a little pleasure boat 25 ft. long on Dal- 
swinton Lake at the rate of five miles an hour, 
Like many other historic relics, this little bit of 
machinery has had a chequered history. After its 
owner had experimented with it for a few days, he 
removed it from the boat and placed it in his study, 
where it remained until his death in 1815, when it 
came into the possession of his son. It seems, how- 
ever, to have been a piece of property which could 
not rest long anywhere. After keeping it until 
1828 its second owner sent it up to Coutts’ for cus- 
tody; nine years afterwards it was removed to a 
warehouse in Marylebone; another nine years and 
it was sent North again, this time to Edinburgh. 
After one more removal it was sold to a Mr. Wil- 
liam Kirkwood, a plumber in Edinburgh, appa- 
rently for old metal. The machine, which up to 
this time had been complete, was dismantled, and 
the cylinders and other brasswork (the castings for 
which had been made more than sixty years before 
within half a mile of Mr. Kirkwood’s shop), were 
put aside for melting. Some of them seem actually 
to have been used up in this ignominious fashion, 
but the death of Mr. Kirkwood saved the remainder. 
These were purchased and sent to the Great Seal 
Patent Office in 1853 by Mr. Bennett Woodcroft, 
to whose happy intervention we seem to owe their 
ultimate preservation. By him they were sent in 
1854 to Mr. R. Prosser’s works in Birmingham to be 
fitted up, but Mr. Prosser’s death occurring very 
shortly afterwards, and his factory being conse- 
quently closed, they were again returned to London. 
Messrs. John Penn and Sons, of Greenwich, under- 
took to complete the work which had only just 
been commenced in Birmingham; they added the 
numerous missing parts, constructed the wooden 
frame, and put the whole into the condition in which 
it now is, and in which it was set to work, after a 
sleep of two-thirds of a century, before leaving 
their shop. 

The portions of the original machine which were 
sent to Messrs. Penn—those portions therefore of 
the present machine which are really old—were (so 
far as we can find) the cylinders, the condensers 
below them, the valve boxes and valves, the steam 
and air-pump pistons, the driving wheels above the 
cylinders and sundry spindles and portions of the 
valve gear. The rest of the valve gear, the tank, 
the chains, the whole of the ratchet gear, &c., had 
to be made entirely afresh by Messrs, Penn, but 
were made, we believe, to resemble the original 
arrangement as far as possible. 

No drawing of the engine except the small litho- 
graph given in Mr. Woodcroft’s ‘‘ Origin and Pro- 
gress of Steam Navigation” seems ever to have been 
published, nor any description of its mode of work- 
ing. The engravings in Symington’s patent specifi- 
cation are of a very rough kind, and represent a sta- 
tionary beam engine. We have pleasure, therefore, 
in placing before our readers to-day (see pages 64 and 
65) an isometric view of the engine as it at present 
exists, together with such sectional details (Figs. 2 
to 9) as will enable us to explain its method of 
working. Figs. 2 and 3 are sections of the cylinders, 
air-pumps and condensers, showing the valves. 
Fig. 4, is a view of the under side of the cylinder, 
which is, in fact, the condenser top, showing the 
position of the discharge valves. Fig. 5 shows the 
condenser with top removed, Figs. 6 and 8 the air- 
pump piston, Fig. 7 a plan of one valve chamber, 
and Fig. 9 a vertical section through the steam pipe, 
valve chambers and condensers. 


The engine has two single acting vertical cylinders 
A and A,, 4 in. diameter, and about 16 in. stroke, 
placed side by side and open at thetop. These are 
fitted with pistons B and B,, and the upper ends of 
the piston rods are furnished with ¢ eads work- 
ing In guides. Between these guides and above the 
linders is a cross spindle carrying a drum P 
(Fig. 3). Each piston rod is connected to the drum 
by two chains, one carried upwards on one side of 
the rod and the other downwards from the crosshead 
on the other. The drum thus turns alternately in 
the one and the other direction as the piston rods 


‘the pressure underneath C 








move up and down. The two die-wheel shafts 
are horizontal, their position will be seen from the 
general view. (It will be remembered that Mr, 
Miller’s pleasure boat was double—the two paddle 
wheels being placed fore and aft of each other in 
the centre space.) On each shaft there are placed 
two loose pulleys, with ratchet teeth round their 
inner flanges, and between each pair of pulleys there 
isa disc keyed on to the shaft and carrying pins 
which form the centre of a couple of pawls, An 
endless system of chains and rods (see general view) 
connects the central drum with the loose pulleys just 
mentioned. The arrangement of the viele is such 
that one of the loose pulleys on each shaft is always 
turning in one direction and one in the other, while 
the shaft itself can be and is driven only in that 
direction in which the ratchet teeth can drive the 
pawls and through them the discs. Each disc*is 
therefore driven from its right and left side alter- 
nately, the pawl on the other side slipping over the 
teeth of its ratchet wheel. 

The lower parts of the cylinder barrels form the 
air pumps, and are fitted with pistons C C,, worked 
by rods D D,, of which the upper parts form valves, 
The condensers G G, are placed underneath the air 
pumps and are fitted each with three discharge 
valves J, and a reverse valve K at the foot of ex- 
haust pipe. O (Fig. 9) is the main steam pipe, 
communicating with the two valve boxes placed on 
the front of the cylinders; LL, are the steam 
valves, and M M, the exhaust valves, The space 
between each pair of valves is connected to the 
cylinders by a branch (N or N,, Figs. 2 and 3), 
while below each exhaust valve is a passage com- 
municating with the condenser, which can be closed 
at the bottom end by the reverse valve just men- 
tioned. E is a rocking lever connecting the two air- 
pump rods, so that if one fall the other must rise, H is 
the injection pipe, and F a waste water tank, The 
valve gear is a simple (although not simple looking) 
tappet oe. pc an improvement on Beighton’s 
hand gear. The plug rod, worked by a chain from 
the pulley Q (Fig. 2), carries four pins, and the 
gear is so arranged that two of them act at the top 
and two at the bottom of each stroke. One pin 
opens the steam valve of A and the exhaust valve 
of A, simultaneously, while the other closes the ex- 
haust valve of A and the steam valve of A,. The 
other pair of pins act at the other end of the stroke, 
closing the two valves first-named and opening the 
others. There is, of course, no expansion what- 
ever. 

In order to describe the mode in which the engine 
works we may suppose the piston B, to be just arriv- 
ing at the bottom, and B at the top of its stroke. 
C, is in its highest position and C in its lowest, the 
valve D, is open and D closed, The valve gear 
then opens the valves L, and M, and closes M, 
and L. The rush of steam into the cylinder A 

through L, and N, closes the valve D, suddenly, an 

forces down the air-pump piston C,. As soon as 
reaches that of the at- 
mosphere, the valves J, J, lift, and the mixed air, 
steam and water below C, is discharged into the tank. 
The reverse valve K prevents any of it passing 
through the exhaust passage into the cylinder. The 
steam piston B, at the same time commences its 
up-stroke. Directly D, is driven down, D lifts, 
that is, the valve D is opened, and the air-pump 
piston C raised, so as to leave a considerable clear 
space between its under side and the water in the con- 
denser G, and the condensation of the steam under 
the piston B at oncecommences, The object of the 
valve D is to put the piston C in equilibrium so that 
t may be raised by the pressure on C, with as small 
a resistance as possible. The piston B descends by 
the excess of atmospheric pressure above it as B 

ascends, the steam exhausting both through N an 

M and through D. During this process the atmos- 
pheric pressure keeps the valves J J shut and forces 
in the injection water through H. When Breaches 
the bottom and B, the top of its stroke, the steam 
and exhaust valves are reversed, the ae piston 
C blown down, D, opened, and the whole process 


re 

Graingte n’s little 
engine ‘ propelled the vessel along Dalswinton 
labs at five miles an hour.” We have not suc- 
ceeded in finding any verification of this fact beyond 
the statements of Mr. Miller and Mr. Taylor made 
at the time. There is no mayo to doubt their sin- 
cerity, but it would certainly be more satisfactory 
to know how the speed was measured, and for what 
time it was kept up. Mr. Miller experimented so 
much with boats that it is not unreasonable to sup- 


peated. 
Every schoolboy knows that 





pose that he had means of measuring speed; but 
the absence of any statement to the effect that the 
speed mentioned was maintained for any length of 
time leaves it quite probable that it was a maximum, 
and kept up for a short time only. A speed of five 
miles an hour would require about 50 revolutions per 
minute of the propellers, without slip. The 
was so arranged that one double stroke of each 
piston corresponded to (about) two revolutions of 
the paddle t. Allowing for 20 per cent. slip, 
the engines would have made, therefore, about 30 
revolutions per minute. Symington claims to have 
obtained in some cases a vacuum good enough to 
give 12 lb, effective pressure per square inch. This, if 
true, must have been exceptional; we probably do 
the engine before us full justice if we sup 
that it had 74 lb. per square inch available. It 
may have worked, for a time at any rate, with 
steam of as much pressure above that of the atmo- 
sphere. On these suppositions the engine would 
give an indicated power equal to that of one 
oxvmger | 4.in, cylinder of about 16 in. stroke, 
working with a mean effective pressure of 15 lb. 
per square inch, or 0.45 horse power. This does 
not seem a very liberal allowance for propelling a 
double boat of 7 ft. beam at five miles an hour, and 
at the same time driving the engine gearing itself. 

This ingenious but unpractical ing seems to 
have been the weakest point about Symington’s 
engine. According to the catalogue of the Com- 
missioners of Patents’ Museum (in which at one 
time this engine was placed), which should be an 
authority, the gearing is the invention of Wasbrough 
= 1213, A.D. 1779), but it must be said that this 

oes not appear on the face of the documents. The 
descriptive = of Wasbrough’s specification oc- 
cupies only half a page of the ordinary form, and 
nothing more definite can be gathered from it as to 
the nature of his invention than is given in the first 
clause, which runs: ‘To any steam engine or other 
machine that hath a reciprocal or alternate move- 
ment I apply,one or more —_ wheels, or segments 
of wheels, to which are fastened rochets and clicks 
or palls, so contrived that while the engine or ma- 
chine moves in a perpendicular, horizontal, or dia- 
gonal direction, that the rotative motive shall be 
effected.” No drawing is filled with the specifica- 
tion. Symington, on the other hand, includes his 
arrangements in his ——a (A. D. 1787, No. 
1610), and gives an inte: — description of it, and 
also a drawing of it as applied toa stationary engine. 
He adds, moreover, to his description, ‘‘ When a 
double engine is applied, two pulley wheels may be 
made use of ins of the ratchet wheel, and chains 
or some other flexible substance adapted in place of 
the rack rods,” 

With the drawings of the engine before us, we 
cannot be surprised that cme eet first attempts 
were failures, in spite of their partial success, His 
second engine, which was tried on the Forth and 
Clyde Canal, was built on the same designs as the 
Dalswinton one, but had cylinders 18 in, diameter. It 
was tried at the end of 1789 for two or three days, 
and ran ‘‘ nearly seven miles an hour ;” but the en- 
gines were immediately afterwards taken out and 
sold (or, at least, offered for sale) by order of Mr. 
Miller, who seems to have formed a very decided 
opinion as to their efficiency in spite of the work they 
did. ‘* Iam satisfied,” he wrote to Mr. Miller im- 
mediately after the trial, ‘‘ that Mr. Symington’s en- 
gine is the most improper of all steam engines for 
giving motion to a steam vessel, and that he does 
not know how to calculate friction or mechanical 
powers .... As the engine cannot be of use to 
me now, I hope you will get it sold before you leave 
Carron.” 

Mr. Miller seems always to have had a fondness 
for his own hand-worked wheels, for as late as 1796 
he took out another patent for a vessel with wheels 
driven bya capstan, Symington’s real success was the 
Charlotte Dundas (1803), in which a paddle wheel 
was driven by a pag oe ee with a double- 
acting horizontal cylinder. To Symington belongs 
the credit of having introduced in this vessel, for 
purposes of marine pe Sa an engine in which 
were combined in a happy manner the improvements 
of several other inventors, and which was sub- 
stantially the modern direct-acting engine, 

The little Dalswinton engine, however, al 
its active life lasted only for a few days, and mere 
its mechanical defects were very great, may rightly 
claim the honour of being the mother of a race of 
giants. Many of the childrén have found ee 
our pages, it is right that the remains of vene- 
rable parent also receive due honour, © 
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SYMINGTON’S DALSWINTON ENGINE. 
(For Description, see preceding Page.) 
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Landing Stage and Piers at Birkenhead,” by Mr.C. Graham | State Railways farmed to companies adopted in that 
meeting of the students of the Institution for the current | Smith; February 2nd, ‘“‘ Hydraulic i ,»” by Mr. | country. The minister was accompanied by MM. Wilson 
session was held on Friday evening, the 19th inst., Mr. G. | C. Reginald Parkes; and February 9th, on “ ineering | and Waddington, members of the-railway committee of the 
R. Stephenson, the President, being in the chair. The | Explosives,”” by Mr. John C. Mackay. The chair will be | French Chamber of Deputies, as well as by directors and 
Sie wr was on “‘ Machine Tools,”” by Mr. Percy R. | occupied on the evenings named, by Mr. Abernethy, Mr. | engineers of the Orleans, the Northern, and the Western 
and i ted of py = and application, as Bramwell, and Mr. Hayter respectively. | of France companies. 


Dutcn Raruways.—The French Minister of Public| Brter1an Steet Ratis.—The Angleur Steel Works 
Company recently undertook to supply 4500 tons of steel 
rails to some German lines. The contract has, however, 
not received official approval. 
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be continued on Friday evenings at 8 p.m., the Works, who has been devoting a good deal of attention to 
: ; The the question of railway management, has recently paid a 
and Construction of the South Reserve Floating | visit to Holland for the purpose of studying the system o¢ 
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SYMINGTON’S DALSWINTON ENGINE. 





(For Description, see Page 63.) 
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CLYDE SHIPBUILDING AND MARINE | ot tb ad dws in the same rrd we ahead, mention | no ares tad Uae Tae Coton Warten 


Prosrzcts ror 1877. 

From very minute and careful inquiry which has re- 
cently been made with regard to the tand ive 
condition of the great industries which so specially cha- 
racterise the Clyde—the river which has uired a 
world-wide fame from the fact of its alike the cradle 
of steam navigation, and for many years the head-quarters 
of the shi trade—we are in a position to say that 
there is now a very decided recovery from the depres- 
sion which has been so much deplored for many months. It 
may be that prices are still very low, partly owing to 
the keen competition on the partof a number of the firms 
to secure a sufficient amount of work to keep their pre- 


mises activ occupied and, at least, their apprentices 
and other hands employed ; but there is cer- 
tainly some satisfaction in kno that shipowning firms 


are giving out, or have recently given out, their orders 
for new vessels more freely than at any time since the 
period of depression decidedly set in, even though the 
tonnage may be far short of those which were so 
freely pel three, four, or five yearsago. The old saying 
has it “Tt’s a long lane that has no turning,” and in 
respect of the Clyde shipbuilding trade it may confidently 
be said that the long-looked for “turning” has at last 
come. 

Including four or five vessels launched since the com- 
mencement of the present year, and leaving out of view 
the yachts and other small craft in which wood is the 
material of construction, there are about 146 vessels in 
hand or contracted for, of an aggregate of about 152,745 


tons. These figures taken in conjunction with those in- 


the following Table are very instructive, whilst at the 
same time they inspire one with a feeling of hope in the 
immediate future of the shipbuilding trade. 

Vessels Building on po Clyde at the beginning of 


anuary. 
Year. No. of Vessels. T 
1868 113 112, 
1869 118 133,958 
1870 95 123,000 
1871 123 155,435 
1872 193 ,909 
1873 131 391 
1874 134 214,916 
1875 170 182,443 
1876 144 132,289 
877 146 152,745 


1 
Doubtless before the present year is much older, the 
amount of work in hand will be still further increased. 

Several yards are exceedingly well filled with work, 
although,on the other hand, it must be admitted there 
are some in which the amount of work is still very scanty. 
One of the former is undoubtedly that of Messrs. Barclay, 
Curle, and Co., who have in hand, we believe, at least a 
dozen vessels. Indeed, their yard is so well filled that 
they were compelled recently to decline tendering for the 
building of a new steamer for the Clyde Shipping Com- 
= in lieu of the Corsewall, which was wrecked near 

rk within the last two months or so. Messrs. Barclay, 
Curle, and Co.’s orders are chiefly for iron sailing ships, 
but there are also at least three steamers in hands, one 
of which is a vessel of 3500 tons for the well-known 
“ City” Line of Glasgow, Liv 1 and Calcutta traders, 
while another is for Messrs. Donald Currie and Co.’s 
“ Castle” line of Cape mail steamers, 

Messrs. John Elder and Co. have in hand eight large 
steamers of a total of 17,450 tons, together with five sets 
of engines, Six of these vessels are the steel-plated cor- 
vettes, already mentioned in these columns as having 
been ordered by the Admiralty authorities. These ves- 
sels are all to be ship-rigged screw steamers, each of 
2200 tons, and fitted with engines of 450 horse power 
nominal; and they are to bear the weer. names: the 
Comus, the Champion, the Carysfort, the Cleopatra, the 
Co and the Conquest. Three of them will be fitted 
by Mesers. Elder Co. with their three-cylinder en- 
nes, wiifle the other three will be engined by Messrs. 

umphrey, Tennant, and Co,, London. One of the other 
steamers is the Sheffield, which has been launched this 
week. She is a vessel of 720 tons builders’ measurement, 
and is to be fitted with engines of 110 horse power nominal. 
Built to the order of the chester, Sheffield, and Lin- 
colnshire Railway Company, she is intended for that com- 
pany’s passenger and service between 

rimsby, Hamburg, and Antwerp. e other is a screw 
steamer of 3500 tons, with vf 600 horse power 
nominal, and is being built to the order of the Royal 
Mail Steam Navigation Company’s West India trade. 

As is usual, London and @ w Shipbuilding 
and i Company (Limited) have in progress 
or ordered &t least eight vessels, all of which, we believe, 
are steamers. One of them, the Gleneagles, the eighth 
steamer built in the same yard for the “Glen” line of 
China traders, has been launched this week. She is a 
splendid vessel of 365 ft. long, and about 2800 tons, and 
is specially intended to compete in this year's China tea 
race. Her engines, which are to be supplied by the same 
company, are to work up to 2000 indicated 
horse power. Amongst the other vessels in progress or 


* In the first of the shi 
a 





shipbuilding article in 
our eS eee mistake was made with 
reference to years, is corrected in the above Table. 





wall Hall and tham Hall, each of 2200 tons and 300 
horse power, which were built by the London and Glas- 
gow Company last year; and there is likewise a paddle 
steamer for the Great Eastern Railway Company, which 
is to be fitted with ordinary surface-condensing oscil- 
lating engines of great power, and guaranteed to run 120 
knots in eight hours, or an average of 15 knots per hour. 

The adjoining yard, that occupied by Messrs. Dobie 
and Co., is filled with that kind of work for which the 
firm have obtained such an excellent reputation, namely, 
high-class sailing vessels. There are three on the stocks, 
one of which is nearly ready for launching, and the firm 
have orders for others which they will proceed to lay 
down as they can find room for them. 

In the yard of Messrs. Napier and Sons, which is close 
by, but on the other side of the London and Glasgow 
Company’s premises, there are in progress four large 
steamers of an aggregate of between 9000 and 10,000 
tons. Two of them are vessels of nearly 3000 tons each, 
and are intended for Messrs. Currie and Oo.’s ‘“ Castle” 
line of Cape mail steamers, similar to the Balmoral 
Castle, which was launched from Messrs. Napier’s yard 
last November. 

Messrs. Alexander Stephen and Sons, whose yard is 
the lowest on the south side of the Clyde, in the Govan 
district, began last year with such an amount of work in 
progress and in prospect, that they were able to say at 
the end of the year that they had launched during the 
twelvemonth a greater amount of shipping than any 
other firm on the river. Whether or not they may be able 
to head the list again at the end of next December, they 
have certainly -begun the year- well, their yard being 
well occupied with work in progress. Originally a 
branch of an old-established shipbuilding firm at Dun- 
dee, they for many years built sailing vessels only, but 
since they commenced operations in their very extensive 
shipbuilding and engineering works at Linthouse, Govan, 
they have taken large contracts for steamers as well as sail- 


vessels. 

In the Partich district proper, which is on the north 
side of the river, there are only two shipbuilding yards, 
one lying on each side of its tributary, the Kelvin. That 
of Messrs. A. and J. Inglis contains several vessels of 
considerable size and in various stages of progress. One 
of them is a steamer of 2000 tons, for the British Steam 
Navigation Company, a sister te the well-known Mecca 
and Java. Another is a screw passenger steamer of 
800 tons, with engines of 180 horse power, for the Bel- 
fast and Ardrossan line. There are likewise two 1200- 
ton sailing ships of the clipper class for the “ Loch” line 
of Glasgow and Melbourne traders, now embracing well- 
nigh twenty vessels, and all owned by the Glasgow Ship- 

ing Company. The other is known as Meadowside 
Shipbuilding Yard, for many years occupied by the now 
defunct firm of Tod and Mac r, by whom so many 
of the Inman liners were built. It is now occupied by 
Messrs. D. and W. Henderson and Co., who are closely 
related to the “ Anchor” lineof Transatlantic steamships. 
In addition to four sailing ships in various stages of ad- 
vancement, they have in hand a splendid steamer of 2000 
tons, with engines of 200 horse power nominal, for Messrs. 
Donaldson Brothers, Glasgow, and a splendid steamer for 
tourist passenger traffic between Greenock and Wemyss 
Bay and Inverary, in connexion with the Caledonian 
Railway service between Edinburgh and those two rail- 
way termini. She is to be a magnificently equipped and 
very fast vessel, running atleast 15 knots per hour. 

In the Whiteinch district there are four yards in which 
work is going on. The condition of Messrs. Barclay, 
Curle, and Co.’s yard has already been briefly indicated, 
and the adjoining yards may be said to be tolerably well 
supplied with work. This is especially true of Messrs. 
Thomas Wingate and Co., who besides being engaged 
upon a steam dredger for the Campbeltown Harbour 
Trustees, and a steam ae barge of large tonnage for 
Cork Harbour, have lately secured an extensive order 
for + from the Dutch Government. The 
orinaipal part of this contract is for steam screw dred- 
gers of two sizes, capable of lifting 600 tons and 250 tons 
per hour respectively, with attendant steam hopper 
barges of 600 tons capacity, all to be fitted with screw 


propellers, masts, sails, &c., for the voyage out to Java, | pad 


where the vessels are to be employed in new harbour 
works, The plant is to be constructed on a new and im- 
proved principle, and will, it is believed, be the most 
complete of its kind yet attempted in this country. 
Messrs. Wingate and Co. have for the long period of 25 
years made the construction of dredging plant quite a 
specialty of their tions, and have supplied such 
slant te dees’ all the leading ports of the ingdom and 
for use in many harbours and rivers ab Their 
neighbours, Messrs. Charles Connell and Co., Scobstown 
Shipbuilding Yard, have in hand four sailing ships, one 
of which is a vessel of 1400 tons for a Greenock firm. 
Proceeding further to the west, and crossing to the south 
side of the river, we come to the two shipbuilding yards 
which have for many years been established at Renfrew. 
That of Messrs. Lobnitz, Coulborn, and Co., is in about 
the usual condition as to the supply of work. There are 
in progress three screw steamers of an te of 
between 4000 and 5000 tons, and the firm are construct- 
jag engines for the same of a total of 850 horse power 





will be able to announce during the present year the 
completion of several novelties in marine construction. 
It is understood that they have also concluded a contract 
with the Dutch Government for the supply of a large 
uantity of ing plant. For the port of Adelaide, 
uth Australia, are constructing a dredger of 
800 tons, which is to be fitted with four engines of a 
total of 70 horse power nominal, the main engines being 
of the compound type. They are likewise building to 
the order of the Mersey Dock and Harbour Board five 
550-ton screw steamers, each of which is to be fitted with 
ines of 100 horse power nominal, the main engines 
surf densing; and in addition to the work 
already mentioned, Messrs. Simons and Co. have in pro- 
gress a steam yacht of 180 tons, with compound engines 
of 40 horse power. 

In the Clydebank Shipyard, Dalmuir, Messrs, James 
and George Thomson have in progress well-nigh as much 
shipping as they launched last year. It includes two 
gunboats of an aggregate of 800 tons, building for Her 
Majesty’s Government ; two screw steamers, of an aggre- 
gate of 2200 tons; and five sailing ships, of a total of 
6500 tons, one of them being for the “Loch” line of 
Glasgow and Australian traders, owned by the Glasgow 
Shipping Company. ; : ; 

There are now four yards in active existence on the 
Leven at Dumbarton. The leading establishment is the 
Leven Shipyard of Messrs. William Denny and Brothers, 
who have in progress a screw steamer of about 2000 tons, 
with direct-acting compound engines of 220 horse power 
nominal ; another of about 3000 tons gross, with com- 

d engines of 493 horse power nominal, for the line of 
ape traders, owned by the Union Steamship Company, 
of Southampton; and a paddle steamer of 300 tons and 
182 horse power, for the waddy Flotilla and Burmese 
Steam Navigation Company. There are about 6000 tons of 
shipping in progress in the yard of Messrs. M‘Millan and 
Son, or almost as much as was launched by this firm 
during the whole of last year. It is all sailing tonnage— 
comprising two vessels of 1340 tons each, one of 1496 
tons, and one of 1731 tons. Messrs. Birrell, Stenhouse, 
and Co., have in progress four sailing vessels of an ag- 
gregate of nearly 3000 tons register, one of them being 
an 800-ton barque for Dundee owners. Messrs. M‘Kellar 
and Co., whose works were at a standstill at the begin- 
ning of last year, have resumed operations, and have a 
fair amount of work in hand and in prospect. 

There are eight shipbuilding yards at Port-Glasgow. 
The returns from them as to new work are not complete, 
but the following contracts may be mentioned :—Messrs. 
Blackwood and Gordon have within the last few days 
contracted to build and engine a screw steamer of 
1100 tons for the Glasgow Shipping Company in lieu of 
the Corsewall already referred to. They recently booked 
an order from a Liverpool firm for a steamer of 350 tons, 
for the African trade, and they have been for some time 
engaged on a screw steamer of 1150 tons, with engines of 
120 horse power nominal. Messrs. Murdoch and Murray 
have in progress four iron steam screw hopper barges 
(for which Messrs. Rait and Lindsay, Glasgow, are making 
the engines for the Clyde Navigation Trustees. Messrs. 
Robert Duncan and Co. have several sailing vessels in 
hand, one of which is a large ship for the New Zealand 
emigrant service, and is nearly completed. There are 
also two small steamers in progress. A © iron screw 
steamer is in progress in the yard of Messrs. W. Hamilton 
for Messrs. Turnbull, Martin, and Co., Glasgow. Messrs. 
Cunliffe and Dunlop have on the stocks a screw steamer 
and a steam yacht. In Messrs. Russell and Co.’s yard 
there are in ge a small screw steamer for a Liver- 

1 firm and two sailing vessels of about 1200 tons each. 
essrs. Murray and Oo. have in hand a four-masted 
sailing ship of 1700 tons for Messrs. Watson Brothers, 
Glasgow ; a sailing ship of 1450 tons, also for a Glas- 
gow firm; and a screw steamer of 700 tons, with engines 
of 107 horse power, for sale. Messrs. John Reid and Co. 
are building a vessel of 1400 tons for a Greenock firm. 

The Greenock firms—four in number—are not as well 
supplied with work as some of the firms in the upper 
district of the Clyde. In Messrs. Caird and Co.’s yard 
there are three steamers in progress, two of which are 
dle steamers for river er traffic. Messrs. 
Robert Steele and Co. have nearly ready for launching a 
screw steamer of 1000 tons, whichis intended for trading 
in connexion with Messrs. Currie and Co.’s Cape mail 
steamers. For Mr. Rendel, C.E. (of Sir William Arm- 
strong and Co.), they have in hand a composite steam 
yacht of 100 tons; for Messrs. A. and J. Allan, Glasgow, 
they are building a four-masted sailing ship of 1700 tons ; 
and they are likewise building two sailing ships for 
Greenock owners, Mr. James E. Scott has on the stocks 
a sailing barque of 300 tons, another of 400 tons, together 
with a large screw steamer of 2000 tons, to the order of a 
Glasgow firm, for the Quebec trade, and to be — 
with engines by Messrs. John and James Thomson, - 
gow; andhe has just contracted to build another large 
screw steamer, the engines for which are to be supplied 
by Messrs. Kincaid, Donald, and Co., Greenock. The 
new shi in progress at the Cartsdyke Shipbuilding 
Yard (Messrs. Scott and Co.) includes vessels of an 
aggregate of 4500 tons, two of which are for Messrs, 

olt, the well-known Liverpool firm of shipowners. 
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At Rutherglen, Messrs, T. R. Scath and Oo. are en- 
gaged upon three steam launches.. At Maryhill, Messrs. 
William Swan and Co. have in course of construction 
three screw steamers for coasting traffic; and there are 
at least ten small vessels in hand in three shipbuild- 
ing yards which are established on the River Cart, at 
Paisley. 


PARIS UNIVERSAL EXHIBITION, 1878. 
(From the London Gazette of January 23.) 

Her Magszsty, in pursuance of an invitation received 
from the French Government, has appointed the following 
Royal Commission to represent British and Colonial ex- 
hibitors at an Universal Exhibition to be held in Paris 
in the year 1878 : 

His Ro al = am the Prince of Wales, K.G., Presi- 
dent ; His Excellency Her Majesty’s Ambassador at Paris, 
the Lord Lyons, G.C.B. ; the e of Richmond and 
Gordon, K.G., Lord President of the Council ; the Duke 
of Manchester, K.P. ; the Duke of Sunderland, K.G.; the 
Duke of Westminster, K.G. ; the Earl Spencer, K.G.; the 
Earl Cadogan, Under-Secretary of State for War ; the Earl 
Granville, K.G.; the Earl of Northbrook, G.C.S.I. ; the 
Lord Tenterden, C.B., Under-Secretary of State for 
Foreign Affairs; the Lord De L’Isle and Dudley; the 
Hon. Edward Stanhope, M.P., Secre' to the Board 
of Trade; the Hon. Robert Henry Meade, Assistant 
Under-Secretary of State for the Colonies ; the Right 
Hon. Sir Stafford Henry Northcote, C.B., M.P., F.R.S., 
the Chancellor of the Exchequer ; the Right Hon. Sir Alex- 
ander James E. Cockburn, G.C.B., the Lord Chief Justice of 
England ; the Right Hon. Lyon Playfair,C.B., M.P., F.R.S.; 
the Right Hon. the Lord Mayor of London for the time 
being ; Sir William Stirling Maxwell, K-T., LL.D,. M.P.,; 
Sir Coutts Lindsay ; Sir Nathaniel M. de Rothschild, M.P. ; 
Sir Richard Wallace, M.P.; Sir John Rose, K.C.M.G.; 
Admiral Sir Alexander Milne, G.C.B. ; Lieutenant-General 
Sir Alfred H. Horsford, G.C.B ; Major-General Sir Henry 
Creswicke Rawlinson, K.CB., F.R.S.; Sir Rutherford 
Aleock, K.C.B., President of the Royal Geographical 
Society, and the President for the time being ; Sir Heury 
Thring, K.C.B., Parliamentary Council; the President of 
the Royal Academy, Sir Francis Grant; the President of 
the Society of Painters in Water Colours, Sir John Gil- 
bert, R.A., or the President for the time being ; Sir Louis 
Mallet, C.B., Under-Secretary of State for India; the 
Lord Provost of Edinburgh for the tite being ; the Lord 
Mayor of Dublin for the time being; the President of 
the Royal Society, Mr. Joseph Dalton Hooker, C.B., M.D., 
D.C L., LL.D., or the President for the time being; the 
President of the Royal College of Physicians, Mr. James 
Risdon Bennett, M_D., F.R.S., or the President for the 
time being; the President of the Royal College of Sur- 
geons, Mr. Prescott G. Hewitt, F.R.S., or the President 
for the time being ; the President of the Royal Agricultural 
Society, Lord Skelmersdale, or the President for the time 
being ; the President of the Institution of Civil Engineers, 
Mr. G. R. Stephenson, or the President for the time being ; 
the President of the Association of the Chambers of Com- 
merce of the United Kingdom, Mr. 8. 8. Lloyd, M.P., or 
the President for the time being; the President of the 
Agricultural Engineers’ Association, Mr. Bernhard Samuel- 
son, M.P., or the President for the time being; Mr. C. 
Rivers Wilson, C.B., Controller-General of the National 
Debt ; Lieutenant-Colonel Robert J. Loyd Lindsay, V.C. ; 
M.P. ; Lieutenant-Colonel Arthur Ellis, C.S.I. ; Mr. E 








mund Ashworth, President of the Manchester Chamber of troduced 


Commerce ; Mr. Isaac Lowthian Bell, M.P., F.R.S, ; Mr. 
Hugh Birley, M.P. ; Mr. Joseph Chamberlain, M.P.; Mr. 
William Holms, M.P.; Mr. Frederick Leighton, R.A. ; 
Mr. Samuel Morley, M.P.; Mr. John Mulholland, M.P. ; 
Mr. Anthony J. Mundella, M.P.; Mr. William Rathbone, 
M.P.; Mr. Henry William Ripley, M.P.; Mr. P. Cunliffe 
Owen, C.B., Secretary. 


THE AGRICULTURAL ENGINEERS’ 
ASSOCIATION. 

A MEETING of the Council was held at 7, Westminster 
Chambers, London, S.W., on Thursday the 18th inst., Mr. 
B. Samuelson, M.P., in the chair. Several communications 
were read relating to the proposed renewal of the French 
Treaty, and it was decided that Messrs. B. Samuelson, 
M.P., R. Fowler, R. J. Porter, and J. Head, should form 
a en to wait upon Mr. Kennedy and Mons. Gavard 
at the Foreign Office on this subject the following day. 
The following memorandum was adopted, and the deputation 
were —— to present the same at the Foreign Office : 
‘French Treaty, Agricultural Engineers’ Association. 
The duty on agricultural machinery into France is in round 
numbers under the existing treaty 2s. 6d. per ewt., and 
portable agricultural engines 4s. per cwt., and a stamp 
omy a 100 frances. It is as follows in other European 
countries : 








Germany ... fs ie free 
Russia (portable engines 
4 per cent.) ; ins free 
Austria a 2s. 8d. to 4s. 
Belgium 10d. to 4s. 10d. 
_S eee 
Spain a = ae about 2d. 
Portugal 6d. 
Holland free, or 1 per cent. ad val. 
Sweden 5 per cent. 


Greece... i a free 

It is for the French nation itself, so la y as it is 
engaged in agriculture, to consider how far the high duty 
= serves its interests.’’ 

¢ was reported that Mr. B. Samuelson, M.P., President 
of the Association, had been appointed one of the English 
Commissioners for the Paris hibition of 1878. At the 
close of the Council meine 9 means manufac- 
turers of road locomotives was for the purpose of con- 








sidering the desirability of taking action to secure sundry 
modifications in the existing Acts relating to the use of 
locomotives on highways. It has long been felt that the 
regulations in force tend very materi to restrict the use 
of traction engines, and consequently to interfere with the 
use of steam machinery for agricultural purposes. Messrs. 

submitted the draught of a 


Robey and Co., of 
Bill a this subject, which Colonel Chaplin, M.P., pro- 
posed to introduce next. is was gone over, and 


with a few modifications, was approved. Friday, as 
sory 3 the deputation from the Association waited 
upon Mr. Kenn and Mons. Gavard at the Foreign 
Office, when the memorandum adopted at the Council 
m ‘4 oa and jr views of the Seindndion 
upon the Frenc ection wise eee ; 
Mons. Gavard infort the deputation that their repre- 
sentations should be duly forwarded to the proper autho- 


* 


rities. e 


H.M.S. * DREADNOUGHT.” 
Tue Dreadnought is # sister ship to the Devastation and 
the Thunderer, but is as great an imry t upon the 
latter as that ship was an im upon her prede- 








cessor. She is in the first place considerably r than 
the Thunderer, and increased ‘is not in itself 
an improvement, yet in the it is combined 
with so many advan’ that it becomes an important 
gain. While the Thunderer is 285 ft, een ndi- 
culars, 62 ft. 3in. in beam, and 18 ft. in of hold, the 


corresponding dimensions of the are respec- 
tively 320 ft., 63 ft- 10 in., and 19 ft. 2'in. 

ifference in a more concise form, the load displacement of 
the Dreadnought is 10,950 tons as compared with the 9188 
tons of the Thunderer. ~The side armour of the latter 
varies from 10 in. to 12 in. in thickness, whereas the plating 
of the former varies from 8 in. to 14 im, and, moreover, 
goes 7} in. further below the load water line than in the 
sister ship. The’ external diameter of the Dreadnought’s 


turrets is 32 ft. 3in., while that of the Thunderer’s turrets | **¢am 


is 31 ft. 3in. ; and whereas the turret armour of the latter 
from 12 in. to 14in., the armour of the former is 
of the uniform thickness of 14in. The armament of the 
Dreadnought is also more formidable, as she carries four 
38-ton guns, whereas the Thunderer carries two 38-ton 
and as many 35-ton guns. Then the machinery which 
as to drive the newest of our turret vessels through the 
water is necessarily much. more , the contract in- 
dicated power being 8000 horses "8 F 
Comparing yesterday’s trial, however, with the trial of the 
Thunderer a few days before, it will afford a better com- 
parison to say that while the engines of the older ship de- 
veloped 6270 horses those of the Dreadn tt have been 
shown to be capable of exerting as many as . Butthe 
superior merits of the Dreadnought are not confined to her 
great size and offensive and defensive powers. The altera- 
tions in structural ents have made her both a 
more comfortable and a generally more seaworthy ship. 
In bringing her forecastle and after-deck up to the of 
her breastwork not only has the objectionable cul-de-sac 
been removed and greater space o below, but a 
higher freeboard all round has been provided which must 
make her both a drier ship and a better cruiser than either 
the Devastation or her sister. Anoth rtant struc- 
tural improvement is carrying out rk 
entirely to the sides, whereby the most vital part of the 
ship has been increased to ee 
which exist in the earlier monitors. Mr. Barnaby also in- 
rection! wahihtighd belhbcad tatpeas the recpsctive 
itudinal wa’ ive 
oe at engines and boilers, so that in the event of one set 
being disabled by rams, torped 
effectually shut off, the ship pee eens y the other 
engines. The purpose of the d btedly to 
secure additional protection for the vitals of a man-of-war, 
but has entailed a series of advantages below. The boilers, 
instead of eps re to face, ns is usually the case, 
so that the stokers have fires behind as well as in front of 
them, are placed back to back against the middle line of 
the ship. The stoking is thus done at the sides, and, as the 
bunkers are close at hand, the coal does not require to be 
trimmed until it gets low. The stokeholes are further 
divided yt thwartship , whereby four rooms are 


FS 
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/ 
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formed, the forward. ones being 42 ft. long, and the after 
ones 40 ft. long. This of the boilers naturally 
reduces the tem of the stokeholes; and as the ven- 


ilation suppli the fans is supplemented by cowls 
on the \entiiene tame and by four others at theater which 
are also utilised as ash-hoists, the stokeholes are kept com- 
Pere Diccdaought engined by Messrs. Humphrys and 

‘he is essrs. Hump 

Tennant, of iford, who have supplied the machinery to 
the adh By Alexandra, Téméraire,~and other of our 
la’ men-of-war. Each er, which has a diameter 
of 20 ft., and a mean pitch of 23 ft. 6 in., is driven by an 


ind set of vertical compound inverted of 
the collective indicated power of 8000 horses. | are 
thus of an essentially different principle from those of the 


Thunderer, being designed to give the best results accord- 
ing to weight, and to consume the minimum 
ritich in 66 tn. mn diatuotar, echoccting into two bre peeagaté 
which is 66 in. sting in’ ‘0 low- 
cylinders, each havi a diameter o 90 in. and a stroke of 
4ft.6in. They are all steam jucketted, the - 
adjusted to 60lb., the working ure of the 
the low pressures to 30 lb. diameters of the pi 
and connecting rods are 9in., 6}in., and 7 in. 
mps are worked off the low-pressure pistons, 
formed entirely of gun-metal Pinced fore and aft, 
diately under the low-pressure cylinders, 
very compact and accessible arrangement of . 
premeoriglten mee | the midship framing, while the 
framing two wi iron columns to each cy- 
linder. The‘surface condensers contain over 16,500 ft, of 
th 













Fcnne etna der 
e condensing water is supplied Lapeer hy aaty 
pumps, which are also designed to draw directly from the 
ilge. An extra bilge suction is provided, so that the air 
pampe com. mean directly from She ilge in case of an acci- 
ent. SSasonee Geitting ia of three pieces, each 
Perrnacias &tength at 1 ft. 7f in., and a diameter of 17} in. 
ter of propelling shaft is 16 in., and of the 
iron shaft in the stern tubes, 18 in. The main engines are 
started and reversed by an auxiliary engine having cylin- 
siaspemeiiet ship veciating cxgiass, tocveb morsingront 
ven’ e ; en- 
gines, two auxiliary fire-engines onl Seer main women beg 
ash-hoist engine, &., the whole being built by Messrs. 

TTarse clsoo foc the santo eulliiismanians 
steam for the main other is supplied b; 
12 boilers and an auxiliary boiler, all of res of 
workmanship. As they have to bear a working pressure of 
double the pressure of the Thunderer’s boilers, the addi- 
tional strain has been met by a change of form and increased 
strength of material--They are ical in shape, though 
the section is scarcely a circle, having diameters of 11 ft. 10 in. 
and 12 ft. 2 in. respectively, cm are fi ing 14 ft. The 





shell plates of the main boilers are }in. in thickness, the 
tube plates # in., and the back 4 in. “The tubes are 3 in. in 
diameter. The construction of the auxiliary boiler is not 
quite so formidable, the shell plates and tube plates being 
in. and the back }in. The furnace and combustion 
ber are also of the thickness of in. The shell is 
double-rivetted, and for greater security butt straps are 
inside and outside the longitudina! seams. h of 
main boilers has three furnaces, of which the inside 
ends are connected to a single combustion chamber, while 
on the outside they are fixed to the front of the boilers, 
The firegrates are 6 ft. 10 in. long, and are fitted with 
wrought-iron tirebars 3} in. deep, 1} in. broad, and 2 ft. 3in. 
in length. There are 66 in each furnace. In order to show 
the enormous capacity of the mechanism for. getierati 
team, and at the same time to illustrate the complica’ 
character of what may be looked upon as the unseen por- 
tions of a modern man-of-war, it may be mentioned that 
the main boilers of the Dreadnought contain each 234 brass 
tubes and 64 iron stay tubes; while the auxili boiler 
contains 84 of the former and 12 of the latter. The heating 
surface of the tubes in each of the main boilers is 1598.472 
square feet ; of the furnaces 74.589 square feet ; and of the 
combustion chamber 152.090 square feet. The total heating 
surface of the main boilers is thus 21,901,812 square feet, 
the we ee of the auxiliary boiler being 123.69 square 
feet. Each of the main boilers, again, contains = tons 
of water, and affords ample steam space. In addition 
to the ordinary safety-valve box, containing a couple of 
spring safety-valves, each boiler is fitted with a supple- 
mentary test valve, loaded with a lever and weight, 
and placed on the front of the boiler. The stop-valves and 
safety-valves can be worked from the stokehole floor. ‘The 
are also provided with two pressure gauges each, 
one of which is uated to 80 Ib. and the other to 120 Ib., 
the intention being that one shall act asa check upon the 
other. The whole of the boiler mountings are of gun-metal. 
he contents of the coal bunkers in which the fuel for this 
costly apparatus is stored is 6192.2 cubic feet. 
The six hours’ trial of the ught was made on 
last, when the observations in the engine-rooms and 
stokeholes were made by a powerful staff of assistants, 
under Mr. Newman, of the Factory Department, every 
half-hour throughout the trial, the results of which, how- 
ever, will be sufficiently apparent by the hourly means, 
which were as follows : 


Hour. Vacuum. Revolutions. Horse Power. 
27 and 27.43 67.3 and 67.4 8201.52 
he wr 67.6 ,, 67.4 8233.78 
3 27 ,, 27.25 67:4 ,, 67.3 8179 94 
4 27. .,, 27.87 66.9 ,, 67.0 8177.77 
5 27k. 45 87.48 67.1 ,, 66.9 8155.98 
6 27 4, 27.87 66.0 ,, 66.8 7 


5 Os 8207.39 
The mean power develo the engines during the 
six hours was 8216.28, or 216.28 horses beyond the contract. 
More could have been readily obtained had the economic 
Lae ie of the trial not intervened. The blasts were not 
from first to last. Indeed the difficulty was to regu- 

late the amount of steam generated, so as maintain a 
steady and uniform without its blowing off to waste, 
and, as will be seen froni the last column, the variations of 
power exerted were ly small. The total means of 
the twelve half-hours were : ure of steam in boilers, 
60.32 lb., and in engine-room, 57.32 lb.; vacuum in con- 
densers—starboard 27.04 lb., port 27.33 ib. ; revolutions— 
starboard 67, port 67.18 ; mean pressure of steam on pistons, 
high 31.603 lb., low 9.137lb. One of the most noticeable 
circumstances co with the observations was the 
almost uniform vacuum that was obtained. The vacuum 
in the starboard condenser only varied once from 27 in. 
during the whole time the ship was under way, while that 
in the port condenser never varied more than half an inch, 
and that only twice. The coal burnt on the trial amounted 
to 50 tons 1 ewt. 10 lb., which is equal to 2.27 Ib. per in- 
dicated horse power. The consumption in the Thunderer 


of | was 3.14 lb.; and in order to show the superiority of 


the Dreadnought’s engines from an economic point of view, 
it may be mentioned that had she been fitted with ines 
of the same type as those of the Thunderer she would have 
burnt 80 tons aday more fuel in order to develop the same 


‘| power as on Friday. The engines were stopped from full 


speed in 18 seconds, and started astern in 8 seconds, and 
from going astern were started full » ahead in 
15 seconds. The trial passed off without a hitch of any 
sort, and Mr. Humphrys was tga, Sag nay oe by the 
officials on board on the results. he Dreadnought, in 
addition to her main vy 08: is provided with starting en- 
gines, capstan engines, steam-steering engines, six venti- 
lating engines, two auxiliary and four main fire —. 
and engines for moving turrets, hoisting ashes, &c.—Z'imes. 
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WIRE TRAMWAY AT 


We annex an engraving representing a wire 
tramway lately erected at the Harewood coal 
mine at Nanaimo, British Columbia, for the 
purpose of carrying the coal down to the 
shipping port, a distance of about 3} miles. The 
mines are situated at a considerable elevation 
above the sea level, and the intermediate 
ground is covered with trees and rocks, while 
several deep ravines intercept the line of tram- 
way. Under such circumstances the construc- 
tion of a railway would be costly and tedious, 
as it would entail the erection of several 
viaducts and the adoption of a circuitous 
route; the proprietor of the mines, therefore, 
decided on putting up a wire tramway in a 
direct line from the mine to the port by means 
of which the ravines could be spanned without 
expense and the timber on the ground could 
be converted into the necessary posts. 

There are in all ninety-seven posts, varying 
in height from 15 ft. to 80 ft., the distance 
between them varying from 150 ft. to 250 ft. 
The wire rope is of the best crucible steel 
specially made for the purpose, and is 64 miles 
in length; it is carried on each post by means 
of a pair of grooved pulleys 2 ft. in diameter. 
The rope is driven at the lower end by means 
of one of Robey’s semi-fixed engines of 
20 horse power, which is found to be of ample 
power to drive the line when carrying 12 tons 
per hour. 

The driving machinery is fitted with drums 
10 ft. in diameter, which, for convenience in 
shipping, were all made in segments. At the 
mine the rope simply passes round a 10-ft. 
drum. There are 250 iron buckets each carry- 
ing 2 ewt. of coal, and each one fitted with a 
patent hanger and boxhead, by means of which 
all jolting when passing over the supports is 
avoided. This tramway is capable of carrying 120 tons 
per day, and has been at work for about eight months, 
during which time it has worked without stoppage or 
accidents. The machinery for it was made from the de- 
signs of Mr. Carrington, the engineer to the Wire Tram- 
way Company, of Cheapside, London, for the proprietor 
of the mines, Mr. T. A. Bulkeley, of Nanaimo. Many 
other tramways have been recently put in operation in 
various parts of the world, as for instance in Mauritius, 
where they have been successfully applied for the carriage 
of sugar-cane, New Zealand, where they are used for 
carrying manganese ore, and elsewhere. 
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THE ALPHA GAS APPARATUS, 

Or the numerous arrangements which have been 
brought forward for manufacturing what is known as air 
gas, the most recent that has come under our notice is 
the Alpha gasmaking apparatus. We examined one of 
these contrivances on a recent occasion when it was work- 
ing satisfactorily, and which it appears to have also done 
elsewhere for some time, as testimonials from the proprietors 
of various establishments show. It is being introduced 
by Mr. H. L. Miller, of 85, HattonGarden. The gas pro- 

















duced by this apparatus is atmospheric air charged with 
the vapour of gasoline, which is a light hydro-carbon spirit 
on at ordinary temperatures. The 
consists of four main parts performing distinct co-ordinate 
Sane — is first an 
and uniform currentof airof the req pressure 
andvolume. Secondly, there is a chamber in which this 
current of air becomes uniformly carburetted. Thirdly, 
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an elevator for supplying the carburettor with a uniform 
supply of hydro-carbon to replace that consumed in the 
course of manufacture, and fourthly, a governor for re- 
gulating the supply and pressure of the gas in the pipes. 
Fig. 1 in our engraving shows a general view of the a 
paratus. Fig. 2 is a longitudinal section showing the 
arrangement for the admission of air, Fig. 3 being a 
front view of the annular opening. Fig. 4 is a section 
of the governor. 





























The air-forcing arrangement consists of a drum of the 
ordinary wet-meter construction working in water. The 
drum is contained in the chamber A, into which water is 
poured at a, the seal or water level is indicated by the 
overflow plug 5; cis a tap for emptying the compart- 
ment. The shaft on which the drum is fixed passes out 
of A through a stuffing-box and rests on a bearing in the 
cast-iron framework f, a toothed-wheel y gears into a 
multiplying wheel « carried on the supplemental shaft s, 
which supports the 1B. A wire rope attached to this 
spool passes over blocks and supports a weight, 
which, by descending when the cocks are open causes the 
drum to revolve and force a current of air into the pipe 
g- The speed of the descent of the weight is 
to the possibility of the escape of the air, that is, to the 
gas consumed. When the cocks are turned off equili- 
brium ensues and the weight remains suspended. The 
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pulley blocks having each four sheaves, and the wheels 
zy multiplying, admit of the machine work for a 
long. time without rewinding and without the 
upper pulley to an inconvenient height. The spool works 
on the shaft s, with a pawl and ratchet arrangement, so 
that the rope can be wound on it without the drum being 
forced in a reverse direction through the water in the 
drum. The air enters the drum through an annular 
openin a round the stuffing-box, to the top of which the 
inlet pipe is attached. The air ascends the piper, and 
is discharged into the head of the drum above the water 
line v. As the lips ¢ of the com ts of the drum 
successively leave the water, the air rushes in to be dis- 
charged at the other end under . The air emerg- 
ing by the pipe g iscarried by one or other of the branch 
pipes into the carburettor The pipe on the right 
conducts the air to the bottom of the carburettor, so that 
the air has to pass over the whole evaporating surface 
before entering the governor K. The pipe to the left 
conducts the air directly to the governor so that by re- 
gulating the opening of the cocks on the pipes the gas 
can be diluted with air as required. This arrangement 
is of yp eray in a machine designed for use in dif- 
ferent climates, as the same quality of gas can always be 
secured ata high and low temperature, the spirit evapo- 
rating much more rapidly in the former, and therefore 
more readily im ating the air, which can by this 
ent be diluted. 

It is important that the carburettor should be constantly 
and uniformly supplied with spirit to compensate for loss 
during the manufacture. The manner in which this is 
effected is ingenious but simple, and by the same 
mechanism the spirit is kept continually agitated, so that 
its density is uniform, and no heavy res remains to 
be drawn off. The carburettor E rests on, and communi- 
cates with the reservoir F.. The spirit in at d 
passes through the carburettor and fills reservoir, of 
which e is the overflow and the draw-off cock. The re- 
servoir communicates with the elevator G, at the top and 
bottom of which are two wheels, the teeth of which catch 
the links of an endless chain i over them. The 
upper wheel carries on its spindle a pulley at the back of 
the elevator, round which passes the band w, set in motion 
by the wheel z, fixed on the drum shaft. To the endless 
¢ are attached buckets which draw up the spirit from 
the reservoir and discharge it into a in the top of 
the case. Spirit is conveyed by a pipe to the top of the 
carburettor through which it falls, the portion unused fall- 

back into the reservoir. 

e governor K, which is seen in section at Fig. 4, is in 
effect a small and very sensitive gasometer floating in 
water and fitted with a valve V suspended from / and 
working in the inlet g. Made soas to act with a very 


low pressure, the governor will give any required 
pressure by ‘lip small weights over /. valve 
not only insures perfect steadiness of the flame, but pro- 


ms the supply of gas to the number of lights burn- 

sao thet aeallie tet machine be supplying its full 
number of lights, or only one, the magnitude and quality 
of the flame is the same. The speed of descent of the 
weight, the supply of spirit from the elevator, and the 






















































































7° 


ENGINEERING. 





[Jan. 26, 1877, 








size of the gasway leading from the carburettor to the 
governor are all increased or diminished in the same 
ratios. The gas leaves the governor by the pipe q 
through the main cock m to the main pipe M, and thence 
through the building in the ordinary manner. Any condensa- 
tion that may form in the main pipeis drawn off by thecock 
p. The governor holds a sufficient reserve of gas to supply 
the burners while the weight with the aid of the pawl and 
ratchet arrangement is being wound up. All the main 
working parts are outside the machine, so that any wear 
or derangement can be at once detected and easily put 
right without opening the machine. The only regular 
labour connected with the machine is to pour in spirit 
every fortnight or three weeks as required, and to wind 
up the weight daily; thus the labour is nominal. This 
apparatus appears to be in use both at home and abroad, 
and to find favour with those who are using it. 





SUSPENSION BRIDGE OVER THE 
PENNSYLVANIA RAILROAD. 

We publish this week a two-page engraving giving 
the design and leading details of a suspension bridge 
upon Mr, Ordish’s system, recently erected over the Penn- 
sylvania Railroad in Philadelphia. The railway at the 
“point where it crosses Forty-first-street is widened out to 
comprise a large number of lines and sidings, and the 
bridge was constructed to form a continuation of the 
street. The greater portion of the traffic from the Ex- 
hibition to the city, including the principal tramway 
services i over this bridge during last year. We shall 
publish a detailed description of the structure in the 
course of our #eries of articles on the Pennsylvania Rail- 
road, 





NOTES FROM THE NORTH. 
Giasacow, Wednesday. 

Glasgow Loy Market.—Prices of warrants remained 
pretty steady last Th at 57s. 14d. down to 57s. . The 
market was considerably the news recei re- 
garding the Eastern Question, and a fall of 3d. ton was 
quietly submitted to at the opening, and a further fall of 
2d. during the day. Prices closed at 7d. to 8d. lower than 
the closing quotations of the previous Friday. Business 
was done in the forenoon at 56s. 9d. cash, and 56s. 104d. 
one month, and the market closed in the forenoon with 
séllers at those prices, and buyers at 56s. 7}d. and 56s..9d. 
respectively. In theafternoon 9d. and 5¢s. 8d. one month 
were accepted, the market closing with buyers at 56s. 7d. 
cash, and 56s. 8d. one month, rs 1jd. per ton more. 
Coltness and Dalmellington brands were md nal in price 
1s. per ton all round. onday’s market was steady in the 
forenoon, with business done in warrants at 56s. 7}d. cash, 
also at 56s. 8d. and 56s. 9d. one month fixed, closing firm 
with buyers at 56s. 9d. cash and 56s. 10}d. one month, 
sellers a perton more. The market continued steady 
during the afternoon, with business done at 56s. 10d. cash, 
and 5és. 10}d. one month fixed, sellers 57s. cash. There 
was a steady market yesterday forenoon, and a busi- 
ness was done in warrants at 57s. to 57s. 1d. cash, also at 
57s. to 57s. 2d. one month fixed, closing with sellers at the 
lower quotations, and buyers very near. The steadiness 
continued in the afternoon, a fair business being done at 
57s. and_ 57s. 1d, one month, closing buyers 56s. 10d, 
sellers 57s. cash. The market was quieter at the opening 
this forenoon, when business was done in warrants at 
56s. 10}4. cash, and 57s. one month fixed, improving to 
56s. 114d. cash. At the close sellersasked 57s. prompt cash, 
and buyers offered 56s. 11d. same terms. There was more 
firmness in the afternoon, business being done at 57s. and 
57s. 1d. cash, sellers 57s. 14d. cash, buyers 57s. The re- 
duction which makers have made lately in the price of pig 
iron have not had the effect of stimulating trade to any 
marked extent, as the warrant market had in most cases 
already antininetas them. If a peaceful settlement of the 
affairs in the East of Europe could only be arrived at there 
is every probability that at least a tempo speculative 
impetus wonld be given to the pig-iron trade, so that if 
there is really a trade waiting to ing up, prices would 
doubtless advance a little. Shiopmg iron is exceedingly 
dull in demand, and stocks are rajidly accumulating. The 
stock with Messrs. Connal and Co. up till last Friday night 
amounted to 114,980 tons, the increase during the week 
being 1887 tons. Last week’s shipments a ted to 
5141 tons, as compared with 6288 tons in the corresponding 





week of last we The number of blast furnaces in opera- 
— still 116, and at this time last year there were 114 in 


James Watt Anniversary.—In accordance with old- 
established practice, the foremen engineers of Glasgow and 
the Clyde held their annual dinner in commemoration of the 
birth of James Watt. The meeting wus held in Macreae’s 
Royal Hotel, George-square, Glasgow, and there was a 
large attendance, some of the guests being from very con- 
siderable distances. Mr. Peter Andrew, of the Glasgow 
Locomotive Works, presided, and the duties of the'vice-chair 


were discharged by Mr. Charles O’Conner, of Messrs. John 
Elder and Co’s Engine Works, Fairfield, Govan. A number 
of riate toasts were proposed and responded to, that of 


“9 Iron Trade’’ being 


to by Mr. Samuel Osborn, 
Past Master Cutler of 


heffield, and that of “‘ The 
" ” by Mr. Reginald wn, of the Indian States 
Railway. There was some t speaking. 

The Steam Engine of the Future.—This was the subject 
of a most interesting lecture delivered before the members 
of the Greenock Philosophical Society in the Watt Institute 
by Mr. J. Scott Russell, last Fri nig ht, on the anniver- 


the second half of the session with ‘‘ The Watt Lecture.” 
Itwas seldom that it came to be delivered, as happened in 
the present instance, on James Watt’s birthday, and he 
thought they were fortunate in having Mr. Russell as their 
lecturer on the occasion. Ten years ago Mr. Russell gave 
them a lecture on what the lone engine had done, but 
now he was to speak eho seuieeh, ane Sey Shed we & Se 
in the future. Mr. Scott Russell was then introduced to 
the andience as having been at one time connected with one 
of the most eminent shipbuilding firmsof Greenock many 
years ago, while that firm was but in its infancy in regard to 
steam navigation—a firm which, no doubt, had done a 
great pioneer work in that direction. 
oa gr Scottish Society of Arts. — A meeting of the 
Ro Scottish Society of Arts was held on Monday 
night, Dr. F presiding. The only paper read was 
one by Mr. Edward Sang, on “‘The Forms of Wheel 
Teeth,’’ which, it was explained, was in supplement to a con- 
tribution on the same subject read before the Society nearly 
aay years no After sage ing with great plontenes 
e arrangements necessary for with precision 
a workin plates,”’ Mr. Sang gerald by pomting out 
following qualities 1; they acted uniformly ead smoothly 
‘ollowing ies : 1, they smoo 
withont-shake or backlash ; 2, they were in hie 
and reversible face for face ; 3, no of the substance 
was removed beyond what was absolutely needed to clear 
the tooth of the other wheel; and thus the maximum at- 
tainable strength was secured; 4, the whole surface was 
= over at each action, so no dirt‘ could accumulate ; 5, 
at ~_ — could and re Lamy b= 4 brought — 
er, there being no risk o ing an ing 
teeth ; 6, there were no internal corners, so that castings 
might be easily taken; also the cutting tools were more 
durable ; 7, with two teeth always in m they could get 
the lowest numbered pinion. A vote of thanks was unani- 
mously accorded to Mr. Sang. S 
Institution of Engineers and Shipbuilders.—The usual 
month of this Institution was held last night— 
ll, C. E., ident, in. the chair. Mr. 
M. . Kennedy, Lon- 


; Mr. \ .» Rosslare, County 
Wexford ; Mr. Robert M » Hull; Mr. John G. Dun- 
lop, Govan ; aud Mr. James e, Glasgow, were elected 
as ordinary members. An interesting discussion took place 
on “‘Compound Engines,’’ which was the subject of a 
paper read at the Hor yey | meeting by Mr. Matthew Prior, 
of Sheffield. Much of the interest of the discussion centred 
in a statement made by Mr. Charles Randolph, who had 
not been present at a meeting of the Institution for a num- 
ber of years. The discussion was followed by a short paper 
by Mr. James Nasmyth on ‘‘ A Spherical-Seated Pendulous 
Safety Valve,’’ the di ion on which was postponed till 
next meeting. 








NOTES FROM THE SOUTH-WEST. 
Trade at Swansea. — Trade during the past week has 
been sluggish, and anticipations that the turn of the year 
would bring an improved state of things have not at pre- 
sent been realised. Coal and patent fuel exports continue 
at the same low level. The tin-plate trade exhibits signs 
of returning animation, the whole of the works being at 
full time, with a fair pony = he orders. There is a 
hitch as to the proposed new docks. In reply to advertise- 
ments for tenders, there were six sent in from contractors 
of eminence. There was found to be so great a discrepancy 
between the estimates sent in and those of Mr. Abernethy, 
consulting engineer, that the question has been deferred for 
further consideration. 
Aberdare and Plymouth Iron Compamy.—It is reported 
that Mr. Richard Fothergill, M.P., resigned the ma- 
ing directorship of the Aberdare Company and Plymouth 
Iron Company. 
Floods on the Great Western. — The ‘directors of the 





Great Western Railway have determined to raise the sur- 
face of that portion of the railway between Durston and 
Bridgwater, which is at present flooded through the bursting 
of the Baltmoor wall. 


Avonmouth Docks.—We hear that the directors of these 
docks have entered into a contract for immediately laying 
rails round the docks. 

Clifton Suspension Bridge Company.—The report of the 
directors of this company has been issued. It appears that 
under all heads of traffic, except horse traffic and animal 
tickets, there is a falling off, but this is explained by un- 
usually bad weather. The balance of receipts, less expenses, 
and interest on debentures and debenture stock, including 
261. 17s. 9d. brought over from last year, amounted to 
9061. 4s. 1d., which the directors recommended should be 
applied to the payment of a dividend for the year at the 
rate of 23 per cent. per annum, leaving a balance of 121. 9s. 1d. 
to be carried to the credit of the current year. 

Assistant Naval Engineers.—A short time since the 
Admiralty advertised for candidates for the office of 
assistant engineers in the Navy, it being determined to add 
twenty to th number in the service, besides the supply 
from the Government establishments. Considerable Ai - 
satisfaction has prevailed amend the engineers on the 
matter, and a meeting was held at Devonport, but was 
adjourned in order to ascertain the sort of examination 
which it would be necessary for the new comers to pass. 
A circular just issued shows that the following are the 
pre ne for examination: ‘‘ Obligatory subjects—Hand. 


writing, 100 marks; orthography, 100; composi- 
tion, 150; arithmetic ( and decimal , square 
and cube root), 250; practi i , 600 ; steam and 





sary of Watt's birthday. Bailie @ Brymner, who 
presided, said it was always a rule with them to commence 


engineering, 
steam pagien, 600. Candidates must satisfy examiners 
of their knowledge of each of the above subjects, and 
75 ;of. the first two, and 500 of the latter four, 


. 
. 
. 


must be attained. ional subjects—First six books of 
Euclid, 300 marks ; bra (quadratics), 300; French or 


other modern languages, 150 ; chemistry, 150 ; electricit; 
and magnetism, 150 ; eat and light, 150.” This due 
has considerably increased the disapprobation with which 
the decision of the Admiralty was at Brst regarded. 

Liwynypia.—A notice has been posted at the Ll ia 
steam pit that all contracts are to be concluded at the 
end of the present month, the existing depression in trade 
rendering a reduction of wages imperative. 

Trade at Merthyr.—No change of any importance, either 

reported in the trade. Re- 


for better or worse, can be 
are said to be a little more 


specting the iron works, prospects 
pm It is true that nothing further has been heard 
‘arthfa Works ; but as 


respecting the starting of the 
this long-desired event is dependen’ = a rise in the price 
of iron, and as an upward tendency has been observed in 
quotations of late, it is hoped that the coming spring will 
again see these extensive works exhibiting a portion, at 
least, of their former activity. At Dowlais, considering the 
general depression in trade, matters are fairly active. 

The Alert.—It would seem that the Admiralty have, for 
the present at all events, given up the idea of a new Arctic 
expedition, as the dockyard authorities at Portsmouth 
have received orders to oe gay plans for converting the 
Alert into a surveying vessel. 

Pontypool.—In this locality trade continues quiet, but 
it is hoped that an improvement will take place before long. 
A rumour, which was in circulation last week, that the 
iron works at Abersychan were to be partially re-opened, 
has been custendlales ; but there is reason to believe that 
various repairs are about to be effected. The works at 
Pontnewynydd remain idle. The works at Pontymoile, 
Panteg, and the Varteg are in operation as usual; and to 
this circumstance, together with the construction of a new 
line from Blaenavon to Pon’ l, may be attributed the 
fact that the latter town has saved from the extreme 
depression which prevails at Abersychan and other places in 
the eastern valleys of Monmouthshire. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Explosion of Gas at Shefield.—On Friday morning last 
a serious explosion of gas took place at the Black Lion 
Hotel, Sheffield, owing to the c elier having Supe 
down to the bottom of the slide and having remained in 
that position all night. The room consequently filled with 

, and the first person who went in next morning with a 
ight caused an explosion, which injured her pr g caused 
considerable . 

The Flooded Collieries near Handsworth.—At the Fence 
Colliery of the Rother Vale Company, work has been re- 
sumed, the water having been overcome by the engines. 
At the Silkstone pit of the Sheffield Coal Company, the 
influx has increased and the workings are said to be likely 
to be set down for a short time. At the Nunnery and 
Tinsley Park collieries, the ping engines have overcome 
the inflow of water, the High Hagles pit having also to 
a certain extent been freed. 


Terrible Gunpowder Explosion near Castleford.—On 
Saturday last a miner named John Harvey, employed 
at the {Allerton Bywater Collieries got up early to [make 
cartridges, and in so doing dro a spark into a large 
stock of powder, which exploded, and blew down part 
of the house, Harvey being so dreadfully injured that he 
died soon after. At the inquest the j an 
opinion that colliery owners would save their men — 
ee supplying them with cartridges instead of loose 
powder. 

The Leeds Gas Supply.—At a general meeting of the 
Leeds Corporation Gas Committee, Mr. Woodall, the bo- 
rough gas engineer, stated that the chief defects in the 
illuminating properties of the gas lay with the burners in 
use. There was also a difficulty as to the mains, most of 
which were too small. They would bear the required pres- 
sure, however, and the leakage, great though it was, was not 
large in proportion to the length of the mains, and was really 
112,000 ft. per mile per annum less than a much larger 
town. During the month ending December 3ist, the 
works produced 162,700,000 ft. of , an increase of 
13,022,000 ft., or 8.7 per cent. over the preceding month. 
In consequence of this statement a conde meeting has been 
called to consider the subject. 


Manchester, Sheffield, and Lincolnshire Railway.—The 
half-yearly report of this company shows that the capital 
expenditure of that period includes 26,3991. for land at 
Sheffield, Wath, &c. There is also an item of 11,9271. for 
construction of way and stations at Sheffield, Woodhouse, 
Barnsley, Silkstone, Wombwell, &c. For additional sid- 
ings at Hexthorpe (Doncaster), Keadley, Deepcar, and 
other places, 14,7781. is set down. For extending the block 
system and interlocking stations and junctions, 11,4631. is 
emery and for widening the South Yorkshire line and its 
branches, 29,6011. lls. Nine new engines and Mine 
tenders have cost 21,9607. and a new steam tug 31501. The 
estimated expenditure on — account this half year 
includes 35,0002. for land sidings, and the block system 
30,0007., and doubling of Chapeltown and Worsborough 
branches 20,0001. 





ScARCITY AND ABUNDANCE—RICHMOND AND KEw.— 
At the former town two of M ther and Sons’ steam 


fire engines are at work night day supplying water for 
the town’s use, at the proportion of re per day for 
each person. At Kew two of the engines by the same firm 
ove pened out water from the Palm and other hot-houses 
in 





gardens continually day and night, in order to prevent 
the fires being extinguished. 

































































































































L Sa 7"? 
= - -J a1 
| Z, iy ee 
a s 
. d 4 
py | 
Eg ‘lee oct onl : 
4 § | 3 
: : 
S ri 
S — bay pag - “4 Po —— Li. é : 
i. : dee 
- bowery 
> peas. 
WY 
WY) 
an 
2 (er0g) uamay Jo UONo2g 
Q 
a4 
2) 
fx) _ Pp 
O bee 
= wag 
~ ove 
AQ 4. 
Z 
| S 
FS ” 
| s Z 
r lS Se Me mm Pee, 
x an 
| 
4 2 
o 
Zz 
2 
ae 
zi 
o 
Zi 
a 




















—}- — tas 
ENNSfLVANIA RAILROAD, FORTY-FIRST STREET, PHILADELPHIA. 


WILSON, PHILADELPHIA, ENGINEER. 


r — see Page 70.) 
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NOTICE TO AMERICAN SUBSORIBERS. 
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NOTICE OF MEETING. 

THE INSTITUTION or OrviIL ENGINEERS.—Tuesday, January 30th, 
at8p.m. ‘On the Combustion of Refuse Vegetable Substances in 
Steam Boilers,” by John Head, Assoc, Inst.0.E. < 

THE INSTITUTION OF SURVEYORS.—Monday evening, Jenmeay 
29th, when the adjourned discussion on the paper read by Mr. W. 
T. Marriott at the last meeting, entitled “‘ Riparian Rights,” will be 
resumed. 
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MR. REED UPON THE ADMIRALTY. 

Mr. Reep has doubtless acted wisely, from a 
strategic point of view, in anticipating his parlia- 
mentary strictures upon Admiralty management by 
giving them wider publicity in the press, for there 
is something exceedingly unsatisfactory and dis- 
heartening in the way in which naval debates are 

- carried on. No one doubts that the greatness of 
the country hangs as largely as ever upon its naval 
supremacy, and most men believe (generally upon 
mistaken grounds) that things are very wrong at 
Whitehall, Yet if even so good a speaker as Mr, 
Reed opens his lips upon naval subjects, the House 
of Commons becomes a desert; the few naval offi- 
cers in Parliament, and the men who have held, or 
aspire to hold, oifice at Whitehall, alone remain to 
listen ; the rest of the Legislature feels that it does 
its duty if it remain within reach of the division bell, 
and in readiness to vote down any proposal which 
may be distasteful to official persons on both sides 
of the House. No wonder that Mr. Reed appeals 
to a wider audience. 

Mr. Reed's first letter published in Friday’s Times, 
touches + oe several points of importance, though 
to one—the position of the naval engineers—a well 
deserved prominence is given. His wise remarks 
upon this subject will be found in extenso on page 
74, and we shall revert to them presently," An. 
other and we believe’ newer point is the need for a 
periodical and published statement of what the navy 
consists of, what it has been doing during the sony 
year, its needs, and its ca “The employ- 


pacities. 
ment of our ships of war . . . should in this country, 








as in other countries, be made the subject of an 
annual report, from the head of the Department 
which controls the movements of ships to the First 
Lord of the Admiralty, and by him should be laid 
before Parliament for the information of the tax- 
payers, and as the indispensable basis upon which 
we should proceed in dealing with the matters to 
which I shall presently advert.” What ‘my lords” 
will say to this rather revolutionary proposal we 
do not know, but we are sure it is sound sense. 
One rfaval department—the medical—does already 
make such a report, and we believe it is considered 
by experts to have great value from a professional 
point of view, though less than it might possess if 
kept decently up to date, inatead of being, as it 
always is, about a couple of years behind time. But 
from issuing statistics of measles to making a clean 
breast of all the performances of Her Majesty’s fleet 
in the past year is a great jump, which will not be 
taken except under pressure of a rather strong kind. 
In truth, the preparation of such a report, for a 
navy like ours, would be no light matter, and it 
would require—as it would give ample scope for— 
literary skill of a high order. It is done, as 
Reed says, in other countries, notably in America, 
where the art of preparing these departmental re- 
ports is brought to great perfection. At page 13 of 
vol, xxi., we noticed at some length the report made 
to Congress for the year 1875, by Mr. Robeson, the 
then Secretary of the American Navy, and a better 
model could scarcely be recommended. But in our 
case there would be a difference which would be 
more than one of form. 

In America the report is made by the actually re- 
one minister (though his nsibility is to 
the President, not to Congress), and is virtually his 
defence against attacks made, or likely to be made, 
against him. He can defend himself in no other 
way, for he has no seat in Congress, and is not 
face to face with his accusers. But our First Lord 
of the Admiralty is in Parliament, to speak and be 
spoken to, and does not need a mode of defence 
which would be contrary to some of the best 
traditions of responsible government. He could not 
report to the Sovereign, and his relations with the 
Prime Minister are not such as to admit of a 
‘‘report” being submitted by the one to the other. 
Neither could the same motive exist. In America 
Congress has its parsimonious moods, and as the navy 
suffers greatly by want of sufficient ‘ appropria- 
tions,” the absent Seeretary is naturally anxious 
to publish in the utmost detail the operations of his 
department, Here Parliament is rarely stingy to 
the Navy, and the fuller the detail the harder the 
criticism is likely to be. In fact one of the objects 
of Mr. Reed’s proposal is to furnish Parliament and 
the public with méans for more closely controlling 
the policy of the Minister of Marine, an object 
naturally distasteful to most holders of that office. 
The report, as Mr. Reed mentions, must be by some 
one subordinate to the First Lord, and would lack 
something of the importance of such a report as Mr. 
Robeson’s, Nevertheless, we agree with Mr. Reed 
that such a report would have great value, and if the 
Department could be made to do it properly and 
frankly, it would in course of time educate the 
country to a knowledge of naval needs, and even 
teach it to form a judgment upon a naval policy, 
As things are, even ag sg cannot always learn what 
goes on, for though Mr. Reed feels able to say of 
the ironclads that ‘‘ our ships are often worn out in 
a most unnecessary manner, and on a scale that is 
quite unjustifiable,” he adds, “I cannot speak with 
confidence respecting the large number of un- 
armoured vessels ondistantstations, for I never could 
find out, even when at the Admiralty, what actual 
services many of them were performing.” We are 
afraid that not a few ships at home, as wellas abroad, 
perform duties mainly ornamental, while a good 
many others, whose avowed object in fidgetting from 

rt to port is merely to show themselves, and “ the 
British flag,” are doing service of hardly greater 
value, 

We are not certain that we share Mr. Reed’s hope 
that Parliament will be enabled, by fuller know- 
ledge, better to control such matters as the pro- 
portionate amounts which should be expended upon 
armoured and unarmoured ships. It is hardly pos- 
sible for so untechnical an assembly to judge pro- 
fessional points like these. But whether so many men 
need be maintained ; whether it is wise to tain 
a number of floating ‘‘ receiving ships,” and harbour 


ships of all kinds, in lieu of the probably more eco- | type 


nomical and more efficient buildings on shore which 
might be substituted for them; whether so much 


need be spent in “exhibiting the British flag” in 
places where no one is likely to forget it; whether 
ships on a given station need be so constantly in mo- 
tion, or whether they should be collected more “ in 
centres of naval power” (to quote from one of the 
best—and best abused—recommendations of the 
Committee on Designs); whether a powerful fleet 
need be always maintained in such a sea, when one 
might be sent out at any time at ten days’ notice— 
such administrative questions as these can be as well 
by ordinary members of Parliament as by 
members of the Board of Admiralty. But the ques- 
tion of what class of ship we stand most in need of 
at any particular time, in order to keep us ahead of 
other countries, requires for its decision, in the first 
place, information about the doings of other powers 
which it may not be always expedient or becomin 
to make public, and, in the next place, a techni 
training not to be generally looked for in the Legis- 
lature. Upon such points, whatever information be 
given or withheld, Parliament must depend mainly 
upon the a to whom it has given its confi- 
dence, including in the number such ete naan 
Mr. Brassey, 


Mr. | members of its own body as Mr. Reed, 


and Mr. Hanbury-Tracy. 

Again, with regard to technical points of shipbuild- 
ing, Mr, Reed is of course as good a judge as any other 
expert whether it is wise to build a new ship larger 
than the Inflexible, and a very few other members 
may be able to form a sound opinion upon the sub- 
ject, but — he would not desire to have it 
settled by a y spontaneous vote of the House of 
Commons—a vote that is, in which each country 
gentleman expressed his own opinion rather than 
the opinion of those he had confidence in, Upon this 
question of size Mr. Reed appears to hold a strong 
opinion : ‘‘ As regards our ironclad ships weare push- 
ing ev ing in the direction of great size and i 
cost, doing nothing in the way of smaller ships, 
which have really become, in my opinion, for a time 
at least, the most useful class of ironclad that we 
could build. {twas not without great success that 
my remonstrances of 1862-63 were directed against 
the monster ironclads of that day, and from that 
date till 1870 we kept our largest rigged shi 
much below the size of some of the earliest. We 
have now, however, got up to a far larger ship than 
ever in the Inflexible, and, if rumour is true, we are 
going to have a Jarger size still in a new ship of her 
type. Meanwhile the building of small, or even 
of moderate-sized, ironclads is altogether aban- 
doned, and the smallest now on the stocks is as big 
asthe Bellerophon.” The question of the utility of 
sasil omelets is too large to be discussed here, 
and the views of this journal upon it need hardly be 
repeated. We do not believe, of course, in small 
ironclads, and, could we have our way, would never, 
while the ironclad navies of the world are consti- 
tuted as at present, allow an ironclad to be laid down 
which was not a match for the best ironclad that 
had gone before. As already said, we have no wish 
to further discuss this debatable question ; yet be- 
fore quitting it we would remark that the greatest 
merit of Mr. Reed's early ironclads was surely that 
they were so much more powerful than their prede- 
cessors, pound for pound, or ton for ton ; not that 
they were smaller, Their smallness was but, so to 
say, @ consequential merit, though a great one, and 
it only existed because the power considered neces- 
sary at that time could, by the carrying out of Mr. 
Reed's ideas, be obtained upon inconsiderable di- 
mensions. When the need for greater power arose 
he had to yield greater size (as in the 
Sultan, andin the Fury, now Dreadnought), and 
the question is whether his successors are not forced 
furtheralong the same path, We believe they are, and 
that, in view of what other countries were attem 
ing, our Admiralty had no choice but to build aship 
of the power of the Inflexible. Of course it was 
their duty to get that power as ey as might be, 
and it is not suggested that they failed to 
A still more powerful ship is wanted now, and it 
would be surely foolish to leave it unbuilt—with 
other nations, haps, building from similar de- 
signs—because would pass some arbitrary line in 
tonnage or in cost. No doubt it will absorb the 
funds otherwise available for small ironclads—a 
matter to which Mr. Reed and ourselves necessarily 


attach different degrees of im 
A matter of etal importance and interest is 
‘touched upon , » perha rir tai 


lightly, in his nee to the great 





our .. Its importance is such that 
we prefer to it by for the mo in the hope 
of g able to return to it upon another occasion, 
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remarking only that Mr. Reed might do good service | submit for the consideration of their advisers those | water is com ively large, the power which it 
by treating it more fully than he yet done. specifications which appear to bear most closely upon | exercises for the prevention of the escape of the 

confined gases is only proportional to the density of 


The largest share of Mr. Reed’s letter falls, 
however, to the case of the engineer officers, upon 
which his remarks are excellent. That case is con- 
tained in the pithy statement that ‘the engineer 
is to-day almost ro, where he was 20 years 
ago, a snubbed, subdued, subordinated man, with a 
dozen officers put above him to look down upon him 
and keep him in the inferior place which the 
Admiralty has assigned to him.” Here is one of the 
two t blots of our naval system, and the other 
is allied to it; the “executive” officer is not yet 
enough of an engineer, or rather the need for officers 
being scientific men is not yet fully admitted. Not 
onlyis the engineer of toosmall account on board ship, 
but the science which he represents, but should by no 
means monopolise, is disregarded also. The case of 
the engineer—to confine ourselves to that—wants 
discussion and ventilation before all things, and 


this is what gives to Mr. Reed’s letter its great value. | p 


Engineer officers have grumbled, like other servants 
of the State, and they have suffered perhaps more 
than others. But the public has heard little, and 
apparently cared less, because the cry was inarticu- 
late. It is sono longer. The Times, wrongheaded 
as it often is upon technical questions of shipbuild- 
ing, has true instincts in administrative questions, 
and Mr. Reed's letter smote it with almost amusin 
disquietude. The summing up of a lengthen 
comment was that ‘‘ Mr. Reed is altogether right in 
insisting that it is a matter of prime interest for the 
country that ‘the class of naval engineers should 
be raised to a level corresponding to the greatness 
of their present trust, and to the weight of their en- 
larged responsibilities.’ As we have said, the 
grievance of the engineer officers needs further 
ventilation, for well as Mr. Reed has stated their 
oan, we a _—_ — he -. — all 
points, jally about ran e shou in- 
clined to sum up the grievance in the word ‘“ pay.” 
With higher pay would come higher consideration, 
both directly and indirectly, — the probable 
exclusion from the engineer lists of a class of men 
who in past times occasionally found admission, 
and lowered the social consideration of the whole 
body. The fact that the chief engineer of a ship ranks 
below the junior lieutenants may admit of defence. 
In the case of absence or death of the captain, 
commander, and senior lieutenants, there is no doubt 
upon whom the command of the ship and every one 
in it must devolve; it cannot be the engineer, be 
his rank as engineer ever so high. And command 
does actually so devolve nearly every time that a 
junior lieutenant is officer of the watch. The sur- 
geon, the chaplain, and the engineer are all 
specialists, to whom command cannot be given, but 
who may eee eee in other a 
especially in pay. In this trio the engineer n 
hardly mind third place, for his is not yet ranked, 
even ashore, among the admitted “learned pro- 
fessions.” But the intrusion of the paymaster, a 
purely civil officer, not to say a pure clerk, above a 
professioual and scientific man, is an affront which 
ought to be remedied. With suitable pay, and a 

position as the scientific man of the ship, 
the engineermay, however, bedi to waive some 
of the empty honours of “relative rank,” but if he 
is to be asked to meet the Admiralty half way in 
pan oe ome it is imperative that the amelioration 
in his position should take place forthwith. 





MORE PATENT OFFICE MIS- 
MANAGEMENT. 
Ir is said that all printed specifications of expired 
tents, excepting ry bw copies of each, are to be 
ed. It would be interesting to know who is 
really reponsible for such a scandalops waste of 
public rty. It is perfectly astonnding that 
useful which have cost many thousands of 
ands wrung from inventors, should thus be 
estroyed, utterly regardless of the public good. 
Into almost every lawsuit the specifications of 
expired — are necessarily im » conse- 
quently five copies is a totally insufficient number 
to keep in stock, for that number would not suffice 
to meet the requirements of a single case. Not only 
so, but it is the constant practice of parties who 
think their ee been wry ya Ree also of 
parties with infringements, to submit copies 
of aeolian to professional men with a view to 
being advised on the course should pursue, and 
many lawsuits are thus a Moreover, man 
intending patentees make preliminary searches, 





what is sought to be patented. In this way, by _ 
the printed specifications before them, professio: 
men are enabled to settle the specifications and 
claims of their clients so as to keep them within 
proper limits. But what will be the state of things 
when the printed specifications are not forthcoming ? 
Either the professional man will have to spend a 
large portion of his time in the already crowded 
Patent Office, or the unfortunate inventor will have 
to pay for manuscript copies of specifications and 
tracings of drawings and to put up with serious— 
it may be fatal—delay ; and this is what will arise 
in the majority of cases—he will give the matter up 
in disgust and elect to take his chance, a course 
calculated to be very fruitful in litigation. Although 
the Commissioners of Patents are nominally respon- 
sible, we cannot think the order for this act of 
wanton destruction can have originated with them ; 
ossibly—for in this department all things are pos- 
sible—it bas been given without their knowledge. 
We do not know whether ornotthe work of destruc- 
tion has yet commenced. If it has, it ought to be 
at once stopped. If not commenced, all thought of 
it should be abandoned, certain as it is to do in- 
calculable harm without effecting any corresponding 
good. It is high time that something be done to 
put a stop to the vagaries of those who seem to be 
ust now having it all their own wayin Southampton- 
uildings. 





SEWAGE VENTILATION. 

Ir would be highly instructive could reliable in- 
formation be obtained showing the extent to which 
the annual death rate of the country is affected by 
the present system of sewage management. To 
obtain such information is, of course, impossible, 
because none can say where the evil commences, or 
how far the human system may have become 
deranged and health undermined from its causes. 
Certain, however, it is that the question is one 
which largely affects the health, and hence the 
welfare—morally, physically, and socially—of the 
we es portion of our population. Amongst the 

igher classes of society the sufferings which attend 
ill-health are toned down, and robbed of much of 
their asperity by the amenities of a higher cultivation, 
and the comforts which wealth can secure; but 
with the poor this is all wanting, and ill-health with 
them often leads to drink, and an utter prostitution 
of the little rageun | which, possibly, a careful 
training in their youth may have inculcated. There 
can be little question that moral cultivation find its 
root as much in a sound and healthy. constitution as 
in the instruction of the schoolmaster, whilst ill- 
health too generally produces an ill-conditioned 
mind, and a low moral culture. Hence the necessity 
of providing against every source by which the 
physical powers may be undermined, and there is 
perhaps no source more prolific than bad drainage 
and defective ventilation. 

Much has been said with regard to both these 
important questions, and there can be no doubt that 
the past twenty years have produced considerable 
improvement in the drai of towns, the supply 
of water, and the ventilation of our homes an 
houses of business, yet one great point would seem 
to {be ignored by those sanitary authorities whose 
duty it is to apply their attention mainly in the 
direction of the named improvement. This 

int isthe want of ventilation in our sewage system. 

he aim would ms pe to be to compress everything 
into the sewer and allow it to find vent only at its 
outlet, but it is needless that we should attempt to 
point out how fruitless this is with regard to those 
noxious and often fatal gases which are generated 
within the sewer. Few will require to be told that 
the tendency of these is to rise to the higher level, 
and that they will, as a general rule, be found most 
dense in that portion of the “" system which 
attains the highest elevation. ere they will 
gather in a compressed form, controlled only by the 
means adopted to prevent their escape. ence 
they penetrate our dwellings, our gardens, and our 
outhouses ; in fact, all those localities which obtain 
connexion with the system. Most drains are 
trapped in one form or another, but these traps in 
the majority of instances, int but a thin layer 
of water between the fresh air above and the noxious 
air beneath ; whilst it is to be feared, in many cases, 
even this is, from want of attention, allowed to 
evaporate hot weather when decomposition 
is at its maximum. But even where the layer of 
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these gases. On these grounds their power to 
render dwellings free from their noxious influences 
may well be questioned. 

ut if now the force of all such accumulations 
were reduced by a judicious system of ventilation, 
the danger which at present exists would be wanting. 
That these gases exist we know but too well; that 
their natural tendency is to rise we also know; 
and that they find vent in our houses and every- 
where around us, we have every reason to believe, 
That this is due to their accumulation, to their 
being pent > until they force their enclosure is 
also reasonable. It is on these grounds we direct 
attention to the subject, satisfied that much good is 
to be effected by a judicious system of ventilation. 
Shafts for this purpose, high enough to carry all 
such exhalations free of the air we breathe, would 
add but little to the cost of sewage works, and 
would reduce to an enormous extent the risk which 
now attaches to every point of connexion therewith. 
But let its cost be what it may it will amply repay 
itself by imparting a purity to the lower stratum of 
the atmosphere which at the present time is always 
more or less charged with impurities from the source 
named. 

Nor should this process of ventilation be confined 
to public works alone. The same system in a 
reduced form—a 2 in. iron pipe is sufficient for the 
purpose —should be extended to the drainage system 
of every residence. A pipe may be carried up the 
wall of the house, or it may find a support in any 
large tree. But two conditions are necessary ; let 
it be carried well above the upper windows of the 
house, and let it, where away from the house, be as 
far removed from it as possible. Inasmuch as the 
drainage of every building commences at a higher 
level than the sewer into which it conducts, those 
drains will always be charged with accumulated 
gases rarified only according to the vent they afford. 

To continue the present age is but to increase 
the evil. As drainage works extend, and as the 
population increases, so will the evil become more 
extended and its influence increase. The matter 
which passes into the sewer is, of course, the source 
of the gases, but it is the inhalation of these gases 
which breeds disease and produces fevers, The drain- 
age itself is merely a means to get rid of the matter. 
It is the matter which generates the noxious gases, 
and the only means of getting rid of these is the 
adoption of as thorough and general a system of 
ventilation as can be desired. To keep it pent up 
is not the way to secure health. It must have 
vent somewhere, and it is better it should find that 
vent as far above the ground level as possible, 








THE PARIS UNIVERSAL EXHIBITION. 
WE publish on another page a list of the Com- 
mission that has been appointed by royal com- 
mand to re t the industries of this country and 
the colonies, at the International Exhibition to be 
held at Paris during 1878. A glance at this list 
will show its comprehensive and influential character 
from beginning toend. All the important branches 
vernment are sapeenined by gentlemen 
prominent in their respective departments. Science 
and Commerce, Art and Industries, are all indivi- 
dualised by the Commissioners, and in each case an 
eminently representative man has been selected for 
the duty. Add to this, the fact that H.R.H. the 
Prince of Wales is acting as the President (and we 
believe a working President) of the Commission, 
and that Mr. Philip Cunliffe Owen, C.B., is acting 
as secretary, and it will be at once seen that 
this representative body is the strongest and most 
influential that has ever been gathered together 
for a foreign Exhibition. At Fienna, where the 
Prince of Wales also acted as President, it will be 
remembered that the list of Commissioners, though 
good, was far from being comprehensive ; while at 
hiladelphia, the whole body consisted only of the 
Duke of Richmond, Viscount Sandon, Colonel Sand- 
ford, and (for a part of the time) Mr. Archer. 
Americans may naturally ask p75 secon why, 
when such a meagre and inefficient body represented 
this country at the Centennial, so powerful and 
numerous a Commission is appointed for 1878. One 
obvious answer to this question is, that our con- 
nexion with the last Exhibition was crowded with 
blunders from beginning to end, which it is not 
the intention of the Government to repeat. 
There appears every probability that the manu- 
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factures and industries of this country will be very 
largely represented at Paris. There are induce- 
ments to English manufacturers to take part in a 
French Exhibition, that were wanting both at Vienna 
and Philadelphia, and we may, therefore, look for 
a national display far greater than was brought 
together either in 1873 or 1876. In fact, the Paris 
Exhibition promises a real and great success, Ger- 
many, itis true, has declined to be officially present at 
this industrial triumph of France, but German in- 
dustry is scarcely in a state to justify makers in 
incurring the expenses of exhibiting their produce. 
But Germany is, we believe, the only nation that 
will stand aloof, while France, feeling as she does, 
through the whole extent of her territory, that this 
forthcoming Exhibition shall show to all the world 
the leading position she takes in art and industry, 
could alone fill the immense building now being 
50 T*, pushed forward on the Champ de Mars 
and the Trocadero. 








THE SOCIETY OF TELEGRAPH 
ENGINEERS. 

TuE first meeting of this Society since the Christ- 
mas recess took place in the theatre of the Institu- 
tion of Civil Engineers on the evening of the 24th, 
when the President for the past session, Mr, C. V. 
Walker, F.R.S., resigned his post, and introduced 
to those. present his successor, Professor Abel, 
F.R.S. The meeting was avery full one. Mr, C. 
Siemens, C.E., proposed, and . Latimer Clark, 
C.E., seconded a vote of thanks to the past president, 
which was cordially carried. Some fifty new names 
were then submitted for election, and other official 
routine having been disposed of, Professor Abel 
proceeded to deliver his inaugural address, which, 
after referring to the -_ progress of the Society, 
and to the hesitation felt by him in accepting the 
honour imposed upon him, dwelt chiefly with the 
important part which chemical science plays in its 
application to, and association with, telegraphy. 
The investigations of the late Dr. Matthiessen with 
regard to the conductivity of commercial copper 
served well to illustrate the intimate connexion 
which exists between chemical science and elec- 
trical research. Much variation exists in the con- 
ductivity of all classes of wire. How much this is 
due to the presence of alloys is for the chemist and 
the electrician combined to ascertain. Matthiessen 


has done much, but there is room for more work | 


yet, as is instanced from the fact that the Post 
Office has recently raised the standard for the con- 
ductive power of iron wire, and no difficulty has 
been found in meeting it. It has been shown that 
that variation which has existed, and still to a cer- 
tain extent continues to exist, in copper wire is due 
to alloys. Oxygen and arsenic exert a prejudicial 
effect on its conductive powers. Thus a trace of 
arsenic would reduce the conductivity of a wire 
from 100 to 60, while five per cent. would reduce it 
considerably lower. ‘These are important questions 
to the telegraph engineer, and we are glad to find 
one so able to deal with the subject directing the 
minds of the younger branches of the profession 
into a channelin a manner which will certainly bear 
fruit of a good kind, Again, it was pointed out 
that fusion of copper in contact with air reduces its 
conductivity considerably, although the amount of 
oxygen so introduced is so small as almost to defy a 
well-defined detection, Tin reduces conductivity, 
whilst the introduction of small quantities of cer- 
tain other metals judiciously handled are beneficial. 
The merits of the dielectrics, gutta-percha and 
india-rubber, were discussed from a similar point of 
view, and various instances were produced in which 
avery conspicuous variabilit been observed by 
Professor Abel himself, in the same material. Some 
of these instances were possessed of remarkable 
interest and call for considerable attention not only 
at the hands of the user, but also from the manu 
facturer. The advantage of chemistry as applied to 
the preservation of timber, and the need of a know- 
ledge of it in the formation, manipulation, and 
maintenance of batteries obtained a very deserving 
notice from the able speaker, who concluded a most 
interesting and instructive address amidst the ap- 
plause of a thoroughly attentive and gratified 
audience, 

On the motion of Mr. Preece—who in the course 
of his remarks expressed a hope that Professor 


Abel would, at no distant date, either from his own 
pen, or by that of some one else under his able 
direction, bring under the consideration of the 
Society the important subject of torpedo warfare— 








seconded by —— Champain, R.E., the address 
was ordered to printed and circulated. Some 
twenty new members and associates were then bal- 
lotted for, and duly elected, when the meeting was 
brought to a close, 

We have been unable on this occasion to deal 
otherwise than in a very superficial manner with the 
new president's address ; but we regard it as of such 
importance to the profession, and as so well calcu- 
lated to direct the studies and researches of those 
interested into a very necessary and a very im- 
portant channel, that we hope in our next issue to 
give a much more complete notice of it. 





HIRN’S THERMODYNAMICS.—No. II. 
Tue INTERNAL WorK CONSIDERED IN ITSELF. 

In his second chapter M. Hirn treats of the 
internal work considered in itself, The author 
first considers the internal work in and absolute 
heat capacity of gases. When air or hydrogen 


pass suddenly from a greater to a less pressure, | P° 


without producing external work, there is always 
cooling, considerable in amount in compressed air 
and noticeable in hydrogen. This can only be due 
to the internal work which takes place as the mole- 
cules separate, 

Gay Lussac remarked that when air penetrated 
by a very small orifice, into a reservoir at a constant 
vacuum, the interior air was at the same tempera- 
ture as the exterior. Joule made a vast series of 
experiments, in which he found that oy spontaneous 
expansion hydrogen fell 0.076 deg. C, in passing 
from 4.65 atmospheres to 1, carbonic acid 5.05 deg. 
from 5.12 atmospheres to 1, and air 13 times as muc 
as the hydrogen. At first sight it is not evident 
that there is no external work to which this fall of 
temperature might be due; in other words, that 
P, Vi=P, Vz. 

The author employs the following figure and 
demonstration : 


i 


i 








Suppose the surface of the small piston to be one- 
fifth of the larger, and that when at the top of its 
run it contains oxygen or hydrogen, or air at 
5 atmospheres. On opening very slightly the cock r 
the asses slowly into the larger cylinder, 
which will rise while the other descends. At the 
end of and during the operation the pressure in B is 


; whilst the volume which passes at each 





5 atmos, 
moment rises from ] to 5. Ina word P, V,=Po Vo, 
and there is no external work. This is Joule’s 
experiment, and the change in temperature of the 
gas is only due to internal work. 

Hence, if H is the internal work which takes 
place whilst the gas falls from P, to P,, or from the 


volume V, to the volume V, a) ,onehas K6=AH, 
1 


whence K = += or reciprocally H=E K 8, 6 being 


the change of temperature of the gas; and this 
change is a measure of the internal work. - 

Joule’s experiments ate the key to Regnault’s, 
the constancy of the specific heat of hydrogen, 
oxygen, and air at constant pressure, the variability 
of that of carbonic acid. Joule also found that the 
higher the temperature of the carbonic acid initially 





the less its cooling ; a proof of the that th 
quantity of internal work is a function of the specific 
volume and the absolute distance of the molecules. 

In the equation 

Q=K (¢,—t.)+A (H+F) 
H then is a function of the temperature, and is less 
as Z, is ter, and is less the more distant the gas 
is from its point of saturation ; but 
Cp = ae ee AH +AF 
iy Gt) | t-t a-& 
from this it follows that c, is most variable for those 
which cool most in expansion without perform - 
ing any external work. 
rom what precedes it is evident that the only 
method that we have of obtaining the value of H in 
_ is to determine K by the law of Dulong and 
etit, and then make 
i H=E (cp —K — AF). 

It is easy to determine the mean capacity K,, 
of any combination, from the molecular weight, and 
the number of atoms, which correspond to the com- 
und molecule. There are certain cases, however, 
in which the corrected law of Woestyn is completely 
at fault. The author gives a Table in which the 
values of K, A F, and AH have been calculated 
a a ae po 

e coefficient o: ut the ent v 
notably with the pressures, aaa bonee AF cannce 
be exactly determined ; it has been calculated by 
the formula : 

A FaFo (Ti—To) Po 
Q.E.T, Ax 425 272.85 
in which A is the density at 0 deg. C and P, is one 
atmosphere, 

The values of AH have been taken from the 

equation 





AH=cp—K-—AF 
The results obtained with ammonia: seem to be in 
contradiction with all that has been hitherto stated, 
and ¢ pis less than K, although from the equation 
it should always be greater, since A F can never be 
either nothing or negative. 

The anomalies can be explained as follows : 

1. The numbers i in the equations ma 
not be correct. This is likely to be the case wi' 
marsh and olefiant gas, which have not been 
sufficiently studied in their chemical composition, or 
as to the number of atoms which represents the 
chemical equivalent. 

2. The preceding considerations do not apply to 
ammonia, which is stable and to obtain; but 
chemists are divided with reg to this body, 
some saying that it contains two, others three 
volumes of hydrogen. In the first view the 
anomaly would depart, but the composition of one 
volume of nitrogen and three of hydrogen, con- 
tracted into two, is the one generally admitted, and 
K 7c p must be explained otherwise. 

3. It is not impossible that the potential heat 
A H, which has been considered as positive, may be 
negative in certain cases, and the internal work, 
which takes place in expansion might produce instead 
of costing heat. Experiments to test this would be 
rather expensive than difficult. 

To explain the anomaly K > c¢ p, M. Hirn 
formerly proposed the hypothesis, that chemical 
combinations may be of classes, one in which the 
atoms are mixed, the other in which certain atoms, 
imilar or dissimilar, are combined so as to be in- 
divisible units. Such an hypothesis would diminish 
the remarkable consequences drawn from the 
corrected laws of vue te Petit, and Weestyn, 
as the value of N would be quite arbitrary. 

M. Hirn has only had recourse to this hypothesis 
as a last resource, and on account of his confidence in 
certain chemical and physical data. His present 
opinion is that the anomaly K = c p is only sequen, 
and is ca from ignorance of the true values of 
the various terms in the equations, 

The author next proceeds to a consideration of 
saturated vapours. ‘These have been separated from 
gases, because they can be studied both theoretically 
and experimentally in a much more extended and 
striking manner. : 

Conceive an indefinitely tall cylinder closed below, 
of 1 me. section, containing at the bottom M=1 kilo- 

e of a liquid at zero, on the top of which rests a 
frictionless iston of weight P,, the specific volume 
of the liquid at zero is w,,and the atmosphere is 
assumed without weight. If now the liquid is . 
the cylinder being a perfect non-conductor, the 
liquid will expand a little, until the tension of the 
liquid through increase of temperature is equal to 
P,. Let w, and ¢, be the volume and temperature 
at this point. If the supply of heat is kept up the 
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saturated liquid will boil without change of tempera- 
ture, and turn into saturated vapour. When evapo- 
rated the volume of the Me ge: ee = es 
M=] kilogramme, V,, wil the specific volume a 
#, and P,. The external work performed by the 
piston will be P, (V,—w;) from zero, and P, 
(V,—w,)=P, u, from the boiling point. a 
The quantity of heat required to heat the liquid 
from zero to /, is 
qo=K tot+A ho +A Po (we—w i) 
A, being theinternal work performed in the liquid from 
zero to f,. Once arrived at ¢, all the heat expended 
is employed in internal and external work. The 
external work being P, w,, and the heat thus con- 
sumed in the act of evaporation being called r,. 
ro=A Po totPo 
and consequently 
(= To-A P, Ug —* 
is the value, generally very great, employed in in- 
ternal work during the passage from w, to V). The 
whole expenditure of heat will be : 
1+ %o=Ag= Kt +A hot+A Po (wo—wi ) + Pot(A P, tte) 
or 
ro=K t+ AP, (Vo—e +A het Pe 
If the same experiment is repeated t 
piston being P, > P,, then: 
A Ao=K (t; to) A ty’ —A ho +A P, (Vi—t01')— 
AP. (Vo—wi )+ Pi Po. 
The relative values of ¢, to ¢), wi to w'; and w, to w, 
differ from one liquid to another, but we have 
always : 


e load of the 


w, > wo and V, < Vo. 

Moreover between the limits of pressure under 
which our experiments are made, the difference be- 
tweed w; and w’'; is so small that it may be neglected. 
From which 4',=/,. Also since w,> w, 4, > hy. 
As to the internal work /, it diminishes or varies for 
two reasons ; first, because V, is less than V,, and 
that hence the molecules move less apart during the 
evaporation at ¢, than that at ¢,, and, secondly, be- 
cause w, is greater than wp, and that the internal 
work before evaporation is greater for the passage 
from w'; to w, than for #; tow,, In the temperature 
limits of our experiments, the difference w,—w, is 
very small in comparison of V,—V,, and making the 
substitutions above noted w, for w';, and 4', for 4, 
we have: 

Aom M=K (th- i) + ACP, um - Po ue) +(Ahy +P) — 


at . 
But since the internal work E (AA, +?,) and E 
(A 4,+?,) are from zero their heat difference, or : 
(Ah, +?) -Aho+?,)=8 AH 
only expresses that the internal work 1; to V, costs 
more than that from «; to V,, thus expressing reall 
the internal work which takes place for V,—V,. It 
expresses consequently the heat consumed in éhe 
vapour in passing from V, to a volume V. > V,, 
without performing external work, 

The following is an application to steam. To 
evaporate | kilogramme of water under the constant 
pressure 8763 kilogrammes=P, in raising the 
temperature to 95.45 deg., the boiling heat corre- 
sponding to the pressure, and again under 158,923 
kilogrammes=P, to 200 deg., there is required : 

? 9=606 5 + 905 x 95.45=635.61 calories 
A= 606.5+305 x 200 =667.5 9 
The value of K for ice, water, and steam is: 
x=}5 (+ 2) 4, 
112.5 


also: 
Deg. Cal. Cal. 
At 95.45 qo= 95.89 A P, %0=39.802 
200 gq =203.2 P, %= 47.133 
The values of A 


A become thus: 
Cal. 
Ah,= 95.89-0.4x95.45= 57.71 
Ah, =203.2 —0.4x200 =123.2 
This is the heat which the internal work costs in 
passing from the volume m to w, and to w,. The 
value of r the heat of evaporation being : 
7. =635.61— 95.89=539.72 
r, = 667.5 —208.2 =464.3 
that of ¢ becomes : 
Cal 


P -==539.72 — 39.802—199.92 
p, =464.3 —47.139=417.17 
This is the heat which the internal work costs when 
the liquid passes from the volume w, to V,, and 
from w, to V;, and hence: 
Cal. 
A H,=557.63 
and A Hi==540.37 
or the interral work is notably greater when water 
at zero is evaporated under a pressure of 8763 kilo- 
veneer than under 158,923 kilogrammes, the reason 
ing that the body passes from the volume wi = 
0.001 em. to the volume : 


and to 
VSO) -+.001=0.1267 


t ° 
respectively ; the difference 6 A H= —17.26 calories, 
is what the internal work would cost if the vapour 
passed without performing external work from V, 
to Vo. 

From this 
3 pt? 2643.15 deg. 
Mr. Hirn has found experimentally 41 deg. 
result verifies the equation : 
?2=K t+AH+APu, 
or, first, the constancy and exactness of K; second, 
the exactness of Woestyn’s law; third, the_rational 
character of the sum (A 4+/)=A H, and hence the 
exactness of the law : 
P V=P,, V,=@,=constant. 
The importance of performing on other vapours 
the experiments made on water is evident, as it 
would givea new means of determining K, which 
might be compared with that given by the equation 


K—-1bN 


a 

Unfortunately the experiments present real 
danger and difficulty, so that there remain still 
lacune to fill before he can study in a general manner 
the molecular force in compound bodies. And these 
voids are increased through our ignorance Of cp for 
the liquids, of which M. Regnault hag determined 
A, and hence uncertainty with regard to « and 6 
AH. A table gives the values of A (F+H) and K 
as calculated; from which it appears that the 
vapours of the well defined and stable compounds 
which commence the table, far from presenting any 
singularity, show how great (H+F) is, and how 
different is K from cp , whilst the others are bodies 
difficult to prepare and obtain pure. 
Internal Work of Liquids.—So far we have found 
that even in the gases the most distant from their 
point of liquefaction there is internal work, and 
that for certain gases and vapours the value of A H 
is considerable. Its value must depend on the re- 
lative positions’ of the particles of the body, and 
must be higher as these are nearer. 
The value of K for water has already been given 


The 


as 
K= 15 (1+2_94 





or four-tenths of the thermal unit. 
Here the external work A F may be omitted from 
consideration, hence 
A H=cp — 0.4 

=1+ .00004 ¢ + 0000009 t* — 0.4 

=0.6 + .00004 ¢+ .0000009 ¢2 

=0.6 at least, 
or six-tenths at least of the total heat furnished is 
employed in internal work, 
n an appended Table the internal work in 
various liquids is shown to be relatively greater 
than that given above for water. Whilst A H for 
ice is only 0.104, for water it is 0.6. This is a 
singular result which requires examination, 
At zero the density of ice is 0.918, whence its 
specific volume is w=] : 0.918=0.00108 cm., or that 
of water at 146 deg., at which d w=0,0010467 dé, a 
value nearly ten times as great as that correspond- 
ing to dw at 4.deg. According to M. Regnault at 
140 deg. 
dq=dt+0.00004 x 140 d t+-0.0000009.140? d t=1.02824 d t, 
and consequently 

Ad H=(1.02324 — 0.4) d t=0.6234d t. 
Dividing this value by that of dw 
a He p= 595.4. 
dw 


At 4 deg. c=1, and hence 
Ad H=(1—0.4) dt=0.6dt and d w=0.0001089 dt, 
whence 
p,=AtHes519 
dw 


a value almost ten times as great as the previous 
one. 

Whatever may be the cause of the iticrease in the 
volume of water below 4 deg., the moment this 
volime becomes the same as at 140 deg., the ratio 
éH would become. similar with the essential dif- 


0 
ference, that whilst for water in the liquid state the 
ratio = has the value 595 only at 140 deg., for 
w 


ice this ratio would have a value much inferior to 
5519 between 0 deg. and 20 deg. This explanation 
only suits for bodies which expand both above and 
below a certain tem ture, 

Internal Work in Solid Bodies.—The statement that 


calorific pegectiar is constant, is the statement of the 
a of Dulong and Petit. Corrected it takes the 
orm 


j _ ac=a[K+A(H+F)). 
mn see and liquids A F need not be considered, 
an 


acza(K+A Hi}. 

Here aK is constant. In order that ac may be 
so,a¢ AH and hence A H must be so, or rather must 
vary within very narrow limits. From this it follows 
that at the same temperature there is a constant 
ratio between the atomic weight of bodies and the 
internal work which takes place in them when the 
temperature is raised ] deg. A Table is given 
showing this result very clearly. 

In order that the variations of a AH may be 
small the bodies must be experimented upon at the 
same temperature. This has not been the case, and 
hence one cause of the variations of A H, which is 
evidently a function of the absolute temperature. 
For the same body at the same temperature c de- 
pends on the state of aggregation of the bodies, or 
In other words on the relative distance of the atoms, 
The variation of ¢ depends entirely ona AH. The 
natural law which follows from these considerations 
and which is here shown more or less disturbed will 
presently appear. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

In our issue of last week we referred to the 
ensuing meeting at Birmingham of the Institu- 
tion of Mechanical Engineers, and of the impor- 
tant nature of the question to be then de- 
cided, namely, whether the house and business 
of the Institution should be removed to London, or 
whether it should be permitted to languish in its 
provincial head-quarters. At this meeting, which 
took place yesterday, the motion in favour of the 
removal to London was carried by a very large 
majority, the members of the-Institution having 
been at last aroused into the almost universal ex- 
pression of their wishes on the subject—for the 
dissentients to the motion were quite insignificant 
in their influence, Under these altered conditions, 
thus fortunately insured after years of local op- 
position, it is to be expected that the Institution 
of Mechanical Engineers will assume the position 
and importance which rightly belong to it, but 
to which it could never attain, when so far 
removed from the real centre of the body it re- 
presents. The whole of yesterday’s meeting was 
occupied in deciding upon the question of removal, 
and in disposing of official business, so that no papers 
were read, 














NAVAL ENGINEERS. 
In the course of a lengthy and able letter on 
‘* Naval Administration,” published in the Times of 
Friday last, Mr. E. J. Reed has spoken strongly of 
the present shameful treatment of engineers in 
the Navy. We have ourselves frequently and 
strongly urged the necessity of the most thorough 
reform in this matter, and we are glad to find that 
Mr. Reed’s opinions are perfectly in accord with 
ours, We quote Mr. Reed’s remarks in extenso: 
** Another subject that must have presented itself to 
many minis is the extremely slight change which the uni- 
versal use of steam in all our war ships has been allowed to 
bring about in the personnel of our Navy. Every war 
posses is now a steamer, and some of our most powerful 
and valuable ships have not a sail upon them; but, on the 
contrary, are hugeengines of war, animated and put into 
activity in every part by steam, andsteam alone. The main 
propelling engines are worked by steam, a separate steam 
engine starts and stops them ; steam ventilates the monster ; 
steam weighs the anchor ; steam steers her; steam pumps 
her out if she leaks ; steam loads the ; steam trains it ; 
steam elevates or depresses it. The ship is a steam being, 
and theonly manwho understands it, can work it with safety, 
can poe me it efficiently, can use it, care for it, tend it, pre- 
serve it, repair it, renew it,is theengineer. Surely such a 
fact as this must, in the very nature of things, have brought 
about a marked, a large, a permanent change in the status 
of the engineer, and have invested him with rank, influence, 
and authority bearing some appropriate relation to his 
knowledge, his skill, his anxiety, his responsibility, and his 
actual control over the ship in every part and function of 
her being? But nothing of the kind has happened ; the 
engineer is to-day almost precisely where he was 20 years 
ago, a snubbed, subdued, subordinated man, with a dozen 
officers put above him to look down upon him, and kee 
him in the inferior place which the Admiralty has assign 
to him. Take up the ‘Navy List,’ and you will find, not 
only admirals of all grades put in front of every engineer, 
but you must read over long lists of captains, commanders, 
lieutenants, sub-lieutenants, midshipmen, na , and 
igati reach the name even 
Of this, the highest 
its divisions. there are for 

foreign 


of 
officers, in 
including all » 


service in whole Navy, 
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and all home dockyards and steam reserves, just ten! 
Now, this class of engineers are fleet and squadron officers, 
and therefore should not be very inferior as regards 
numbers, one would think, to the admirals. But while 
these ten fleet engineer officers are deemed sufficient in a 
navy wholly com of steaniships, the country is called 
upon to keep no less than 60 fleet officers of the admiral 
claes on its active list and in its pay. (I say nothing of the 
par ad oy be be Satara we have no less = 0 ad- 
mirals off against ten retired ins of machinery, 
because a superabundance of retired irals in comparison 
with engineers is in some large degree a necessary conse- 
quence of modern changes.) But why, in the name of 
common sense, the country should now require 60 fleet 
officers to command its steamships, and only ten to control 
the vast machinery of the service, no one can understand. 
But that which is unaccountable enough even when thus 
“swell Gomip.. ‘Tho pacttion caslghod Yee thiol agen 
vie y- é position ass e ¢ eer 
officer in one of the modern steam war monsters to which 
I have adverted will hardly be credited, except by those who 
will take the trouble to refer for themselves to the official 
list. As a commissioned ship of this class—with multitudi- 
nous steam engines and no sails—I will take the Devasta- 


tion, of the officers of which ship the Admiralty gave a list | ,¢. 


of 31. Of these, ten are engineer officers of lower grades, 
and five are warrant officers, all of whom are necessarily 
laced below the chief engineer. Leaving out these, there- 
ore, the list is reduced to 16 officers; and w! do your 
readers suppose the Admiralty place the chief engineer— 
the man in responsible first§ charge of all those boilers, 
engines, and innumerable’ steam appliances to which 
—_ function and capability of the mighty ship is due? 
Will they believe it, he is placed 12th of the 16? Not 
only are a couple of commanders (besides the captain) be- 
fore him, but half a dozen lieutenants, a iaatentenen, 
and a paymaster all have precedence given tothem. In a 
word, of all heads of departments in the ship he is placed 
the lowest, and below, as I have said, a number of young 
lieutenants who are in no sense heads of departments at 
all. If we turn to the pay of these officers, as compared 
with that of others, we find no + improvement in the 
state of things. An admiral on fall pay (I quote from the 
‘Navy List’) gets 18251. a year, a Véooleeieal 1460/., 
and a rear-admiral 10951., while the full ge he chief 
inspector or inspector of machinery is but i. The 
officer in charge of all i of the Devastation, a 
chief engineer, receives for pay less than 3001. a year. The 
half pay of the youngest rear-admiral, when he is not on 
duty at all, and is in charge of nothing whatever, is 4501. a 
ear. Does any man of ordinary intelligence wonder that 
ilers are allowed to wear out and sometimes explode, or 
that the engines of Her Majesty’s ships give trouble, or 
that the engmeer class is in a state of comparative de- 
moralisation, when engineer officers are treated in this 
fashion in face of the world? But thereis yet another indi- 
cation of the indifference with which the steam branch of the 
naval service is viewed by the Admiralty, and yet another 
cause to which may be more or less attributed those disasters 
and minor accidents to the engines of Her ene fe ships 
which are now so continually ing, and which are re- 
ducing the Royal Navy to so low a level among steam fleets. 
The civil branch of the Admiralty Office at Whitehall, which 
has nm of the steam machinery of the fleet, is starved 
—starved in numbers, in pay, in position, in e 
which is essential to the officient control of so vast, so 
complex, so increasing a service as the steam service of our 
iow. One civilian v ~¥) officer, on a salary ridiculously 
8 compared with that of the engi of a railway or a 
dock company, is expected (with the aid of three or four 
dranghtamen) to perform the whole office duties of the 
engineer-in-chief of the Navy; one civilian assistant is 
required to carry out in five different dockyards all the 


supervision of steam machinery which the Admiralty think | p, 


necessary to secure satisfactory results; and one semi- 
civilian assistant has to perform the same duty in all the 
various private marine engine establishments which manu- 
facture engines and boilers for the BS cael ships. The 
bare statement of these facts is a sufficient exhibition of 
their absurdity, which is seen to have an element of wicked- 
ness as well of folly in it when we consider the evil conse- 
quences that have followed and may yet follow. It seems 
almost frivolous to mention the extreme rarity with which 
an honour or distinction from the Crown is extended to a 
naval engineer, generally even when so extended, arising 
out of some epg’ service of far inferior importance 
to the weight of daily labour and responsibility which rests 
upon many engineer officers; and yet when one smiles at 
the G.C.B.’s and K.C_B.’s, and C.B.’s which are distributed 
80 freely among i and captains as to make the 
want of them more notable than their s pe. and then 
reflects how other classes are treated, one cannot help 
feeling how great a gulf still exists between the service 

the Crown and the service of the country. 


DEATH OF MR. THOMAS PAGE. 

We yee t meee the death of another eminent 
member 0! 2 a Mr. Thomas ; 
the son of Mr. Robert Page, solicitor, was born in London 
in 1803. He was educated for ‘sea seryice, but at the 
suggestion of the late Thomas Tredgold he studied civil 


ing. His first em ent seems to beasa hts- 
SS Eee cake Gl te eke ee 
assistant of ward Blore, the Gothic architect. Some 


excellent results of his experience with Mr. Blore are to be 
seen in the Chelsea S ion Bridge, in which Mr. Page 
combined the taste of the architect with the skill of an ac- 
complished engineer in such a manner that the bridge is 
admitted on all hands to be one of, if not the handsomest on 
the Thames. 

While acting as anarchitect and surveyor he aonree 9 re 
t the 


sage leading from the transept to the 
Chapter House in Westminster Abbey. From date his 
time was occupied more exclusively in engineering pursuits. 
Tn 1833 he was elected an associate of the itution of 
Civil Engineers, and in 1837 was transferred from the class 


of associate to that of member. He was appointed assistant- 
engineer under Mr. R. Beamish, F.R.S., then resident engi- 
neer of the Thames Tunnel under Sir. I. K. Brunel. He 

rwards took a more responsible position on the Tunnel 
works, and on the retirement of Mr. Beamish in 1836 he 


was appointed acting engineer, and under him the tunnel 
including the second half and the Middlesex shaft, was com. 
pleted. In 1842 he made designs for the embankment of 


the Thames from Westminster to Blackfriars Bridge, the. 


- perc —_ —_ with those of Messrs. 

er and Burgess, Sir Barry. , 
and others ; it was supported b Thomas Cubitt, and was 
selected by the i 


Commissioners for Metropolitan Improve- 
ments for adoption. Some difficulties, however, connected 
with the coal duties prevented the execution of the work. 
Aniongst other things with which he was afterw: 

occupied were a survey of the Thames. between Battersea 
and Woolwich, and in 1848-49 he constructed new roads and 
bridges between Windsor and F. ore, and built the 
Victoria and Albert Bridges near Old Windsor, which greatly 
improved traffic facilities. ‘These were followed by the con- 
struction of the Chelsea Embankment, and the roadway be- 
tween Vauxhall Bridge and Chelsea Hospital. The Chi 
Suspension Bridge, of which we have already spoken, was 
his next work. estminster Bridge, which was also from 
his designs, was begun in 1856, and was built in two 
sections, the old bridge remaining while the first half was 
built, and the second half being completed after the first 
was opened to traffic. With relation to this bridge, he was 
examined at great length before the Select Committee on 
New Westminster Bridge, Messrs, Simpson, » ani 
R. Stephenson being examined in opposition. The 
result, however, was the bridge now spanning the river at 
the Houses of Parliament, which may perhaps be allowed 
to complete his claims to having designed the two most 
elegant bridges on the Thames. Certain it is that these 
two bridges show a combination of skill and taste which is 
only exhibited 4 one other bridge in or near London. 
His design for Blackfriars Bridge was accepted by the 
Corporation in competition with seven others, but by a 
vote in the Common Council Mr. Cubitt’s was afterwards 
adopted. He executed numerous other bridges and 
examined and repo: upon numerous projects. He was 
engineer for Wisbeach, and one of his most able and im- 
portant reports was written in 1860 with reference to that 
town ; in it me soaps to widen and improve the river 
Nene from Peterborough to the sea, and by advocating it 
in Parliament, he is credited with having saved Wisbeach 
from partial destruction.- He also previousl: on 
Holyhead and Porttidyn Harbours in 1844, and, as engineer- 


ing ——s 
ments for Cheltenham, Taunton, Liverpool, Falmouth, 


olkestone, and Penzance, and, in conjunction with Sir 


John Rennie, he reported to the London Corporation on b, 


widening London Bridge, and again on the treatment of the 
Thames as a navigable river. 

Another important report was that upon the eligibility 
of Milford Haven for ocean steamships and as a na 
arsenal. His experience and practical ability rendered his 
opinion valuable and much sought after, and at various 
times he was upon to make reports on important 
subjects besides those we have mentioned. In 1870 Mr. 
Page read a paper before the Society of Arts on the sub- 
marine c el tunnel communication between England and 
France, in which he proposed a submerged tube. 

Although Mr. Page made we — femal he 
was an engineer of great abili sound judgment in 
engineering ma ; ae this. he added the talent for 

theti bination of engineering utility with architectural 
beauty 


Mr. Page died suddenly im Paris on the 8th inst., in his 
74th year, and was followed to the grave by his eldest and 
oungest sons— Messrs. George Gordon Page (who is the 





“If this Navy of which I am writing belonged to the | 7°™ : 
few politicians and admirals who i> he SOR eee ce tee tec tantddiad 


smile at the absurdity of such arrangements, and there 
leave the matter. But; notwithstanding the royal prero- 
ae ip the Navy of England belongs to the people of Eng- 
and, and the ‘ieee. I would even say the 

tion, of a class of officers upon whom its efficiency glory 
must so largely depend in future is a matter of the most 


serious public concern. I must however, dwell longer 
on the point ; to me it seems i ae a es eee 
and sensible man can have power over the British Navy for 


, and some- 
, to relieve it from such an injury and such a 
is shameful to leave an this ki 


. re week without seeking to do something 
kind to 





the | interest to the exclusion of that whi 





“THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.” 
To THE EpIToR OF ENGINEERING. 

Siz,—It is with great diffidence that I venture to 
criticise the utterances of an engi of such ht and 
ition as Mr. Jeremiah Head, of Middlesbrough, 
Toverthelean, ir. Willean Roving rus so successful a tilt 
with him in your last number has inspired me with con- 
fidence. Wi touching on the ground of dispute be- 
tween these two gentlemen, I wish to show that Mr. Head’s 
is filled with matter of co ively small 

at is much more 





interesting to the 


tals the matter inh tho anhce the anes of 


the 
public favour of Messrs. Brotherhood’s and 


Before going 
bhesngil deste 





ards | Years 


elsea | #nd then read a paper on it. 


officer, he reported upon proposed improve- 1 





75 
Willans’ engines. They ied the great want felt of a 
small, compact, self-contained, quick-running . Such 
Se ee coer ene aah ae 
ac » eS) when wi uble cy! 
fitted with reversing gear, is, the design be however 
well considered, as complicated and of skilled 
attendance in small engines as in large. 
I would only remind readers of the old form of 
steam winch, what a concern it soon in 
hands—to call this strongly before them. 

, Messrs. Brotherhood and Willans have, by the introduc- 
tion of these three-cylinder self-contained 
pre Fee supplied this want in a manner, 

that they have done so is shown by the host of 


tents carrying out the same ideas that have been applied 
for since these cuginsand thei advantages became 
wn. working parts being completely closed in 
thus protected, all the oil detrwm Kee introduced : h 
only one or two lubrications at long intervals, reduced at- 
ry and allowed them 
— or kh 





tendance and cleaning to the lowest 
to be put into the hands of the stupides ourer. 
one charge, and that a grave one, has hitherto been 
brought against them. They have been accused of being 
uneconomical of steam. 
If this be true it limits their use, but if the reverse is the 


case, as I believe, it deserves to be made wi , for 
there are many users of power who would at — ladly 
8 to 


ut them down instead of extending lines of 
distant. shops ;,in fact, I will not insult your readers by 
suggesting their useful applications. I think most 
of us when we read the title . Head’s paper looked 
forward with interest to ing from an engineer of such 
eer nern some real = — information of ~ 
great question of economy ; but we have disappointed : 
Piatead of acting as « teacher to us willing learners, he 
has gone off at score like a hot-headed young inventor 20 
rs old. After reading his peper the impression left on 
me is that Mr. Head used a Brotherhood engine, found 
that with its present valve t it had adead point, 
— a few rapid calculations for hi _, of crank pressures 
which a very young engineer can satisfy hi are far 
from accurate, vs then came to the conclusion that a 
fourth cylinder was a a it, patented it, 
o this course no one can 
object. But Ido not think Mr. Head ought to have given 
his paper such a title as would lead the engineering world 
to believe that he had gone deeply into the whole subject. 
As he has failed to do so, I trust, Mr. Editor, that you or 
some one skilled in following the action of steam in engine 
cylinders, will continue the investigation of this matter. 
I want to see such a person criticise thoroughly from a 


d | scientific standpoint the good and bad points of the best 


known engines, and compare them with the old 
yet as how far the individual its of valves 
and cut-off gear in Brotherhood’s and Willans’ lead to ad- 
vantageous distribution of the steam ; how the 1 
arrangement of the — of Willans and Clough com- 
pares in economy of waste steam room with the radial 
arrangement of Brotherhood and others. 

I should like to see Brotherhood’s and Willans’ reversing 
valves criticised, that of the latter, although quite over- 
looked by Mr. Head, being in my bunts opinion the 
cleverest part of the invention, if not the simplest and 
cheapest reversing arrangement existing in any steam 

e. 


me account of the behaviour of the lubricants when 
swept through the crank chamber by the exhaust, es 
when such exhaust is used asa blast, and consequently s 
retaining considerable pressure, would be interesting. I 
have heard it hinted that some makers consider exhausting 
into the crank chamber as an advantage, as it allows 

eaky pistons to go unnoticed; this must be a . 
However, I think I have rendered my meaning sufficien 
clear to show that such criticisms, if possible, supplemen' 

y careful brake trials, would prove areal remedy for this 
defect in these engines if such defect exists ; at all events, 
it would give us some measure of its extent, and let us 
buyers know what sort of a steam user we are buying. 


val | Some difficulties in carrying out brake trials may offer 


themselves. A quick speed brake would bably be ex- 
pensive and unsatisfactory. I think it w not os Mes 


place to point out how a good d 
i : : , , 


a ven of known 
ops oi toe hen to lift a certain sumber 6f toot-poliedis 
water. 
ey 0 es —- mm baton. hed men were to offer 
a prize for the self-contained of, 8a; 
not exceeding 15 horse power indica’ weiciale hots 
sorted iat cut —- re vision of yy able a of 
—much good w come 
out of the competition, and thi engine would 
doubtless benefit as much as the class of portables has 
done from similar trials. 
Apologising for trespassing on your space, 
I remain yours, &c., 
. E. CROMPTON. 
Mansion House Buildings. 





THE WILLANS ENGINE. 
To THe EpiTor oF ENGINEERING. 

S1z,—In reference to a letter from Mr. A. Sedley, which 
oh mei our last number, will you it us to state 
t the * Wi ”” engines, a8 manufas aan Oe 
, and can be reversed with ty in any 

saad eo special engine which M ob 
n 2 Ww Yr. \° 
i Messrs. Tangye Brothers, we fail Apne a 
flywheel, however heavy, will enable it to start from a dead 


it. 
ae We are, Sir, your obedient servants, 
Huntzr anpEna.ise. 
Bow, London, E., January 23rd, 1877. 
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THE PENNSYLVANIA RAILROAD. 
(For Reference, see opposite Page.) 
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BESSEMER STEEL MANUFACTURE IN si there is continued depression. On Tees-side several of the | Champion’Bay,Railway, in Western Australia, have been 
AMERICA. works are idle, and at present it is difficult to form oe suspended in consequence of a disagreement between the 
To THs Epiror or ENGINEERING like a clear idea as to the probable time when they will | contractors. 
Sir,—The letter of Mr. Gmelin, which appeared in the | sgin be in full work. The plate mills throughout the}  picent OFFicr — A Co ak eaithele 
. J . - ive gag ders cE. — rrespondent writes : 
last number of your valuable paper, and hie remark therein fairly of oie coins. ata are | ee Some of the recent ai ments at this office have 


‘that there are now in Germany far too many steel works ‘ > Tecems arrange ‘ 

for the wants of the country,” induces me to are ousome| The Board of Arbitration.—On Monday the annual cate on a , ee hel ag —s 
details about the Bessemer steel manufacture in Germany, | meeting of the North of England Board of Arbitration for | the specifications and drawi Sal ealmats "hes Ceaeell 4 
which may be interesting for your readers. These details | the Finished Iron Trade will be held at ey ape It is dal of comclaint. whic ashelonhed the other da: 
are taken from a report of Mr. A. Brauns, managing | satisfactory to know that the Board has been the means of in an & fen Mr. Aston Q.C., to the Master of the 
director of the Georgs-Marien Works, near Osnabriick, in | establishing a better feeling between masters and men, and Mela. the lntoued < th ~ stating that by the new 
which report he draws a comparison between the American | has settled many — without resorting to a suicidal enatihed of printing oo ema , suinietell ‘niniect 
Bessemer steel manufacture and the same branch of manu- | fight like a strike or lock-out. unintelligible. Still graver Tout is oik ely to be found 


facture in his country. Shipbuildi. : ° , ae ae 

; . ipbwilding and Engineering.—The shipyards and en- | when it is known that the authorities at the office are 

i ae, geen a pag ym ginoting establishments on the Tyne, Wear, and Tees are | now busy destroying the old stock of printed specifica- 

ey ae = — ~ = pen. ailf ey — ully a and there is every reason to believe that | tions; these are being carted away by the ton from the 
rs all fully faved. in | *hey will be kept busy for many months. Patent Office stores to be “‘ pulped,’’ it being found easier to 


and in working order. These 32 converters produ : - : 
its 0 fur of inne nd oul ou cornu |_ 7h Gland Cle Tu Ther sno change in that ef ravi tags og for ho, he is 


ns per annum for every converter at work, which | coal and coke trades. Prices remain unaltered. ann J ; 
. Seg patent lawyers is most serious, and the public incon- 
a - & | ~~ nee of the se of an venience will ts contdesabie. A few years ago the Patent 


This enormous difference in production, however, is A ne ge * * 
stated not to be due to an incapacity of the Germans to keep The United States Navy.—Advices from San Francisco it : py yd wry —— eye ne eve ration i of very 


pace with the Americans, but owing simply to circum- | state that ana priation made last year for the monitor | 4; haracte: i i 
stances, vis., that in Germany they cannot obtain sufficient | Monadnock at Mare Island, has been devoted to the building | understand that attention will be. drawn to these matters 
nee their plant fully employed and are compelled | of a new monitor, the sections of which have been ship when Parliament meets, and it is intended to make an effort 
~ ad gy 2 - = 1 the = only to — jay es yards. Nothing whatever has been done to | to obtain » select committon to inquire into the Patent Office 
oing. lle, ; adminis n.—Daily News. 
Wile intermittently, berelé welclont te hace thar |. Steet Rails on the Continent.—The administration of 
Na ye — Some works are | ‘#¢ German Government lines in Alsace and Lorraine is TRIAL OF THE THAMES STEAM FERRY ComPANY’s 
Ry ay had their working hours from 6 a.m. to | 200Ut to let a contract for 5400 tons of Bessemer steel rails, | Boat “ Pzart.””—The official trial of the second boat, the 
&.m. “© | together with 190 tons of Bessemer steel fishplates. Pearl, built for the above company by Messrs. Edwards 


to have worked only four days in a week, steam: 
all of them could raise their production to 20| German Railways.—At the close of 1875, Germany had = Sesees, Soak eee fag ye Bape A —_ took - 


tons each per converter for 24 hours a day, | 15,0844 miles of way in 0} tion. The ratio of fatal hairman directo: 
were contented to have done 6 to 7 heats for 12 hoes accidents im 1875 was 1 10 every 2,012,000 passengers carried. on the bow t ae See 
, and they found this, with the reduced employment of |The number of persons killed upon German railways in = * 98 revoluti pag yy ro At We Swioh 
plant, quite sufficient for their requirements. 1875 was 509; and upon English, 1265. The number of the vessel ¢ throv s syre pelle eA ol tions for 
oe some ys) Lens .  < the f ie be ann pone injured upon German railways n 1875 was 1585 ; | such an wawielay looking craft, to the actentehonent of the 
year . from received | and upon ish, . The ber of p S carried P , 
it appears things have not such shunliod dines. Saxony, | upon lish lines is so greatly in excess of ‘the numbers ts ariel, m board the — Boat as 
Bavaria, and Alsace-Lorraine are, as reported by Mr.| conveyed in Germany, that the proportion of persons to ete « tittle wake the helm ee aera d both 
uns, in the same predi t. killed to total carried is 50 per cent. greater in Germany y mens gence hg fr ? . eae then 
; I remain, Sir, yours respectfully than in England mons cous —— was eoemgines two mlamtes 
- P a abou! yards diam: ro a barge in 
Sit tow 29. 1877. KARL BERGMANN. Austro-Hungarian Railways.—In the course of last| stream; then the helm was placed amidships, and one 
4 aay youn, nary Sas won supe Aue an to last | engine stopped, when the circle was completed in 
te extent of miles. The eupagenlinn length | 2} minutes, about 90 yards diameter. The engines were 
‘ of new line opened in 1875 was 430 miles. then stopped, one started ahead and one astern, when the 
NOTES FROM CLEVELAND AND THE | rhe Suez Canal.—The dividend on the shares of the Suez | bost turned round on her own centre, with no perceptible 
NORTHERN COUNTIES. Canal Company for 1876 will, according to a statement motion ahead or astern, except that due to the tide. The 
Mrppiesnrovex, Wednesday. | made by M. Charles de Lesseps, be at, the rate of at least | wines being woverses the bend steyged of cuss 
The Cleveland Iron Market.—Yesterday there was a| 5} per cent. per annum, after providing for all fixed and | CoBSidering the form of the vessel these results proved 
attendance on ’C at Middlesbrough, but very preferential charges. The surplus profits, after paying the entire satisfaction of all resent that the captain had 
little business was done. ing to the unsettled condition | 5 per cent. upon the share capital for 1875, amounted to full control of the boat, and that in any emergency when 
of the Eastern Question there was less inquiry and the| about 42,4001. ; for 1876, they will amount to between | 0 her station at Wapping there _ not be the least 
market was decidedly weaker. Pig makers continued to quote | 60,0007. and 65,0001. ‘They would have been larger but for doubt of her being handled with certainty. We do = 
No. 3, 468. per ton, but merchants who had bought a month | the low value of money, which has reduced the revenue consider it necessary here to give further details of the boa 
or two ago were anxious to sell for 6d. per ton less. | derived by the company from tem investments. The | *24 engines, = en ey ee eee tee 
Makers are hopeful that there will soon be an improvement, | company contemplates an outlay of 1,200,000/. on improve- launched in October of year. This a Sone 
and in the mean time are not willing to dispose of iron at| ments; this outlay will, however, be spread over a long exceeded the expectations of all present, the boat 
prices which will not leave them a fair profit. term of years. back to by eregee ee where S aaeme landed, 
The Finished Iron Trade—In the finished trade! Western Australian Railways. —The works of the =” 7" me a ef 
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THE PENNSYLVANIA RAILROAD AND CONNECTING LINES. 























THE PENNSYLVANIA RAILROAD. 
No. IV. 


THE two maps which accompany this article show 
the main line of the Pennsylvania Railroad, with its 
connexions, and the general system of railways with 
which the company is more or leas inte: We 
also append a list of the various railways which it 
controls, and which will be readily followed upon the 
map. The most important of these are the United 
Railroads of New Jersey, and the Philadelphia and 
Erie roads, to which detailed reference has already 
been made. The former of these, which have a total 
length of 411 miles, were acquired by the Pennsyl- 
vania Railroad Company, in order to obtain in- 
creased facilities for conveying passengers and freight 
between Philadelphia and New York, and so in- 
crease greatly the capacity for business of the 
system. The lease was completed in December, 1871, 
and was fora term of 999 years, so that becoming 
actually a permanent property of the company, the 
system was incorporated into one of the main divi- 
sions of the Pennsylvania Railroad. The lines thus 
taken over included the Camden and Amboy Rail- 
road and Transportation Company, an old associa- 
tion, dating from 1830; the Delaware and Raritan 
— eo a at the same time ; the New 

ersey and Transportation Company (1832); 
and the Belvidere Delswins Railroad Company 
(1836). In 1870 these various concerns were autho. 
rised to consolidate their capital, and to incorporate 
themselves with, or assign such consolida ro- 


perties to, any company or association as should be 
us to them. 
a portion of the earliest 


—— or advan 
ese formed in 





éAtlanin 











‘ _ ( 

‘ va 

e ZY 
COLUMBIA Ny 


TV ERMON, 


ai 
1 






























“a 




















system of the State works of New Jersey. The 
section of the railroad joining Jersey City and 
Newark, and which was opened for traffic in the 
autumn of 1834, was for a long time worked by 
horses, and it was not till 1839 that the line was 
extended to Philadelphia and developed into a 
steam-worked failroad. Previously the means of 
communication between the two cities was vid the 
Camden and Amboy Railroad to New York, as 
far as South Amboy, and thence by steamers 
for a distance of 27 miles. Until recently, indeed, 
this route was very largely adopted. 

The Philadelphia and Erie Railroad, 351 miles 
long, was transferred to the Pennsylvania Railroad 
in 1862, also for a period of 999 years, We may 
briefly refer to some of the other lines controlled b 
the Pennsylvania Railroad Company, and of whi 
the names and lengths are appended. The West 
Jersey Railroad was built and opened for traffic in 
1861, and in 1863 extended to form the through line 
between Camden and Cape May. By the terms of its 
lease the Pennsylvania Railroad acquired control of 
the line, but does not assume the direct manage- 
ment of it. The Northern Central and Baltimore 
and Potomac Railway were purchased to secure 
connexion with Baltimore and Washington, and 
thus with the Southern Atlantic States. former 
extends from Baltimore to re terminus 
of the Philadelphia and Erie line. é acquisition 
of the Baltimore and Potomac road gave the de- 
sired access to Washington. This was completed 
in 1873, and during the same year the tunnel 





through Baltimore was finished, a work which, 
including open —s is 7519 ft, long, a consider. 
able un ing which cost 2,500,000 dols. 





The Pennsylvania Company controls about 3000 
miles of railway. This system was originally ma- 
naged by the Pennsylvania Railroad, but in order 
to simplify arrangements, it was detached and re- 
organised under the new arrangement in 1871, with 
a capital of 12,000,000 dols, The Pittsburgh, Fort 
Wayne, and Chicago (468 miles) was one of the 
first railways that had assisted, by the Penn- 
— Railroad. Running from Pittsburgh to 

3 it was an Le ny connecting link between 
the Mississippi Valley and the Atlantic, and was 
thus capable of greatly promoting the interest of 
the company. The lease was assigned in 1869 for 
999 years. In 1871 the controlling interest in the 
Jefferson, Madison, and Indianapolis road was 
purchased, giving command of the bridge at Louis- 
ville over the Ohio, and thus opening up direct 
connexions with the railways of the south-west, and 
similar a were made the same year with 
the Cairo and Vincennes Railway, opening up the 
he to Arkansas and south-west Texas. Two years 
before the company had bought at auction the 
Pittsburgh and Steubenville , and acquired 
the largest capital interest in the bridge over the 
Ohio at Steubenville, and in the Steubenville and 
Indiana Railroad, extending to Columbus, Ohio. 
These three undertakings were then aial ted to 
form the Pittsburgh, Cincinnati, and St. Louis Rail- 
road, which in its turn controls a number of lines 
in Virginia, Ohio, and Indiana. It will thus be 
seen that the ete, tagger Railroad Company has 
become an immensely powerful corporation, with 
branches extending in all through the 
most productive of the United States, and that 
traffic from all sides is concentrated upon its main 
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lines to seek an outlet either in New York or Phila- | B. Middle Division : I. Cleveland, Mount Vernon, and 
delphia. In transferring from its own direct Renovo to Kane ... ash bed 100.7 Columbus Railroad : 
management to that of the company, this great and} 4 wien Divisi —— 100.7 Hudson toColambus  ... 39 wwe 145.0 
divergent system of railways, it was agreed that the|~" ‘Kane toEie 945 Clinton to Masillon tenes 12.5 
net revenues for 1871 were to be entirely devoted ty 7 vie, 94.5 J. Jefferson, Madison, and Indiana- — 75 
to the improvement of the different lines. Since| D. Danville, Hazleton, and Wilkes- : olis "Railroad : 
the date of the transfer several additional lines were barre Division : Indianapolis to Louisville .. < wes 
leased, under the original charter, which prescribed Sunbury to Tomhicken ... “i 45.2 Columbus to Cambridge City ... 65.0 
that all contracts and arrangements were submitted —— 4.2 — toMadison ... — ... 45.0 
to the approval of the Peansylvania Railroad Com- Total Philadelphia and Erie een te New Aang... .. 66 296.0 
pany, and that none of them extend beyond the Missis- Railroad OTE ae 351.4 K. Indianapolis and Vincennes Rail- 
sippi on the west, or Chicago on the north-west. It| 1, R road : 
should be added that under this independent| * ®41™®0ADS CoNTROLLED By THE PENNSYLVANIA Indianapolis to Vincennes... ... 117.0 
management the organisation, extensive as it is, is} A. West Jersey Railroad : - L. Indi li o— 1178 
worked with good success. Philadelphia to CapeMay... ... 82.2 Sedlonanile poy Hants 1. 717 
SUMMARY OF LINES AND BRANCHES OWNED| GlstociBadene = ise Terre Haute to St Louis... ... 189.3 
BOAD COMPANY. THE PENNSYLVANIA RAIL- peony ay A wag fe #8 a 166 Alton Junction to Alton ... ui 4.1 ons 
— 129.2 han . 
. Tue PennsyLvania RarLRoap. B. Cumberland Valley Railroad : 
A. Philadeiphte Division : Harrisbena to tartiaabe a Total miles of railroad controlled 
Miles. Miles. Dillsburg Jun __ to D iilsburg .. 77 by the Pennsylvania Compan pany. 
Philadelphia to Harrisburg ... 105.3 South Pennsylvania Junction to : _ following lines west of ittsburgh ro “ab 
Delaware Extension = sid 98 Richmond .. 19.1 under the control of the same company, or rather 
Downingtown to Waynesburg... 18.0 Mercersburg Junction to Mer- the latter controls the Pittsburgh, Cincinnati, and 
Pomeroy to Delaware Cit, eee 38.7 aw A Re fe. 2.3 St. Louis Railroad, which in its turn controls the 
Dillerville Crossing to Columbia Richmond to Ore Mines ... eee 1.9 remainder, 
Branch Crossing a ip 29.5 — 125.0 
201.3 C. Pittsburgh, Virginia, and Charles- IV. Ratuways WeEsT oF PITTSBURGH, CONTROLLED 
B. Middle Division : ton Railroad : BY THE PIrTsBURGH, CINCINNATI, AND St. Louis 
Harrisburg to Altoona... ... —- 131.6 Pittsburgh to Monongahela City... 31.0 A. Pi ‘Heburgh: Oisctunate a 18. L 
— 131.6 —_ $1.0 . y nati, and St. Lowis 
C. Pittsburgh Division : D. Allegheny Valley Railroad : Railway : Miles. Miles. 
Altoona to Pittsburgh 116.7 Pittsburgh to Oil City _.. 132.0 Pittsburg to Columbus ... ... 193.0 
Altoona to Henrietta 27.6 Verona Junction to Coal Works... 7.0 Cadiz Junction to Cadiz ... oe 8.1 
Y Switches to Newry 3.0 Red Bank to Driftwood ... . 109.7 ' . —— 2011 
by my J Gaditen to Wil- Sligo Junction toSligo .... eco 10.2 B. Fotis Rotten : 22.8 
msburg oe 13.5 — 258.9 ashington ... oo } 
Springfield Junction to Mines 8.9 E. Oil Creek and Allegheny River —— 228 
specie Syste 3 to Ore Hill . 3.0 Railroad: C. a Muskinguon Valley 
artinsbur; nection to Martins- Oil City to Irvineton eee “an 50. 
— a. 0.7 UGizteCay .. . 45.6 Dresden Junction toMorrow .. 148.4 
Cresson to Ebensbur, 11.0 Titusville to Union... a ts 25.2 . Wt AP ‘ — 1484 
Greensburg to oon 24.3 — 121.0 D. Little Miami Railroad : 
mh es — 208.7 F. Bugle, Corry, and Pittsburgh Sonia to Byricehela sree sy : 
. rick Division : ailroa 1 p ese see 
Columbia to York . 3 Corry to Brockton ... wen iss 42.2 Xenia to Richmond oe os 57.4 196.1 
York to Hanover 18.0 — 42.2 a ome : 
Hanover to State Line... ea 9 G. Northern Central Railway : E. Columbus, Chicago, and Indiana 
State Line to Frederick . he 28.0 Baltimore toSunbury ... ... 138.0 Ps wa Railway : th. 187.7 
— 69.0 Williamsport to Canandai ne 147.0 Renna “ . 
K. Lewistown Division : Relay to West Maryland Junction 8.5 Richmond to Anoka ° eee 102.7 
Lewistown Junction to Milroy ... 5.0 Sunbury to Mount Carmel oe 26.3 Bradford Junction to Chicago «+ 280.9 
Lewiston to Sunbury... ad 50.0 — 319.8 Logansport to State Line.. vee 61.0 
— 55.0 H. Baltimore and Potomac Railroad : — 582.3 
F. Bedford Division : Baltimore to Washington «= s« 428.8 Total mileage controlled by the — 
Mount Dallas to State Line i 38.7 Bowie to Pope’s Creek... jae 48.7 Pittsburg, Cincinnati, and St. 
Dunning’s Creek Junction to — 91.3 Louis Railway Company a 1150.7 
Holderbaum eee .. 10.5 ane I. See and Fredericksburg V. Sr. —. VANDALIA, ae HAvursE, AND 
— 49.2 ailway : NDIANAPOLIS RAILWA 
G. a Division: Washington to Alexandria and 7-1 Indianapolis and St. Louis : 24 
r = to to Bellefonte +S 54.3 Alexandria to Quantico ... ... 27.3 ie ee oe the foregoing railroads into a 
esbu efonte . 2.5 — . Ww t 
| Tyrone Crossing to Curwensville 4.0 J. Richmond and Danville Railway : ~s ave the following general recapitulation : 
Osceola Junction to Houtzdale ... 6.0 Richmond’ to Greensboro’ ove 188.9 , 
| Danbar Junction to Collieries 1.9 Greensboro’ to Goldsboro’ a ae Name of Railroad. Mileage. | Cost. 
| Phillipsburg to Morrisdale 3.7 Greensboro’ to Charlotte ‘we 93.3 
i — 112.4 Greensboro’ to Salem 28.5 
H. + a dade yo ee ~~ l Manchester to Rockett’s Wharf... 1.3 ney ye oad and ae 1,651.3 
ville legheny City 63.5 ——= 441.7 est Jersey Railroad ; "199.2 
Blairsville Crossing to Indiana ... 19.0 K. Atlonta and Richmond Air Line Cumberland Valley Railroad 125.0 
Butler Branch Crossing to Butler 21.0 Railroad : Pittsburgh, _ and Charles- 
— 1035 Charlotte to Atlanta .. ... 266.0 ton Railroad 31.0 
Total P santa Reliread ane —— 266.0 Allegheny Valley Railroad... wax 258.9 
0 ennsylvania 2 — ani egheny ey 
2. Tue Unrrep Rarroaps or New Jersey. Total of railroads controlled by Railroad 121.0 
A. New York Division : the Pennsylvania Railroad Buffalo, Corry, and Pittsburgh Rail- 
New York to West Philadelphia... 90.0 Ceti lee oa 1860.5 - road .. - 42.2 
By Junction to Harsimus 15 III. LenaTus or RAILROADS West or PITTSBURGH, Northern Central Railway... “i = 
i Db ed to Perth Amboy on 79 CONTROLLED BY THE PENNSYLVANIA COMPANY. Alexandria and Fredericksburg! ‘ 
New Brunswick to East Millstone 8.3 A. Pi Ratlony Fort Wayne, and Chicago pnitrend 34.4 
| Princeton Junction to Prinedlon. $0 Pittsburgh to Chiengo 4083 Hast aad honed “hi in fee 
Holmesburg Junction to Bustleton 4.2 ‘ B. Cleveland and Pittsburgh Railroad : Railroad 266.0 
hon: $004 Meshester te Clsedien 1240 Pennsylvania Company 1,715.4 
B. Amboy Division : oom of son, es ra Cincinnati and St. Louis 
New York to Philadelphia 922 a rec. ~~ oe 1,150.7 
Jamesburg to Monmouth Junction 5.5 y P an 199.6 St. ig mnd Vandalia, Terre Hante, 
Te meray vg oak pom . mi A C. New Castle and Beaver Valley Railroad: and Indianapolis Railroad 238.0 
Florence to Foundry Heli “ 2 Homewood to Newcastle ... 14.9 as Total miles of rai ° ad eves 
lington _ y 7 sn D. Erie and Pittsburgh mene: = >. oe yt 
Mount Holly to Medford. 3 OF Newcastle to Girard wa toh Pennsylvania Hailroad Company! 6,615.9 
Y — 825 
Ewansville to Vincentown 28 ~~ B. Lawrence Reilroad: ~ Finally in this place we may add a summary of 
©. Belvidere Division : Lawrence Junction to Youngstown 17.4 sad rg count property of the company : Selitine 
T - aut . en vanta . 
| area tag tory rey fe Hy: F. Ashtabula, Youngstown, and Pitts- Columbia to Wilkesbarre és 151 me * 
Lambertville to Flemington. —:12.0 burgh Railroad : Clark’s Ferry to Petersburg... 95 
os ee 1085 Youngstown to Lake Erie Harbour 63.5 ee poaabes nd to Fioniseton.. 68 
reer —_ 5 rk’s ry to ssid ee ad 13 
Total United Railways 0 of New G. Mansfield, Coldwater, and Lake Slack-water.. ~ ~aiye 11 
Jersey 411.7 Michigan Railroad ee ——o 338 
~ Toledo Junction to Fostoria 49.7 II. New Jersey Canal: 
4 Pa Tne PurLADELrara AND a RAILROAD. Monteith Junction to 11.5 2 2 Sateess S New Brunswick... 4t 
. Eastern Div — 6i ee ren 
Sunbury to Renovo “ oes 92.4 H. Toledo, n, and Eastern marines : a ge a pee 67 
Montandon to Laurelton ... oat 18.6 Tiffin to itas none 42.4 —_— 
— 1110 — 44 Total miles of canal... ~ 405 
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THE MINERAL WEALTH OF JAPAN. 
By Henry S. Munrog, E.M. 
(Continued from page 59.) 

Coalfields of Yesso.—The coalfields of Yesso, probably 
the most important of Japan, have been very lees 4 
explored by Mr. Lyman and his party in the course of his 
Yesso survey, but until his final report shall be published 
we can give but a general idea of their extent and 
character. : , 

There seem to be three areas of coal-bearing rocks in 
Yesso: the Kayanoma coalfield, the Ishikari coalfield, and 
the Akkeshi coalfield. Of these the Kayanoma field is 
small, less than a square mile in area, and the Akkeshi field 
is unimportant, as containing little or no workable coal. In 
the Ishikari field I include the Hormuui, Sorachi, and 
other coal regions of the Ishikari Valley, the Makumbets 
coal to the south, and the Rurumoppe coal of the north- 
west coast. 

It seems probable that this coalfield éxtends continuously 
from the southern coast of Yesso, in the province of Hitaka, 
northward through the province of Ishikari nearly or quite 
to the north-west coast in Teshio province, a distance of 
about 150 miles, with an average breadth of 20 or 24 miles. 

The thick seams of coal seem to be confined to the upper 
measures; and these measures, constituting the more 
valuable portion of this large coalfield, are found only in 
the middle of the island and in the Ishikari Valley. The 
attention of the survey has been directed chiefly to this por- 
tion of the field. 

On the Sorachi River there are twelve seams of coal ex- 
ye all but one within a total thickness of 350 ft. of rock. 

he upper seam, about 5 ft. thick, is separated from the 
others by 1200 ft. or 1300 ft. of sandstone. The different 
measurements of these coal seams show great variation in 
thickness, perhaps due to the fact that they were made on. 
the outcrops, but probably due to the varying thickness of 
the beds themselves. The following are the average of the 
different measurements given by fir. Lyman, deducting 
bony coal and shaly La ag in each case, and beginning 
at the upper coal, namely, 5.10ft., 2.75 ft., 18.6 ft., 2.15 ft,, 
2.10 ft., 3.40 ft., 2.60 ft., 7.00 ft., 2.15 ft., 2.70 ft., 8.70 ft., 
7.25 ft. ; total 64 ft. of workable coal.* Thickness of mea- 
sures, 5000ft. : 1500ft. above the upper coal, 1300 ft. between 
this coal and the second seam, and about 1800 ft. below the 
350 ft. of production measures. 

On the Horumai, 25 miles south of the Sorachi, and still 
in the Ishikari Valley, these same coals are again exposed, 
but the beds are neither as numerous nor as thick. Mr. 
— sectiont shows ten seams of coal in about 350 ft. 
of rock, of which six only contain coal of workable 
thickness, 4.20 ft., 5.00 ft., 2.00 ft., 5.00 ft., 2.80 ft., and 
> respectively, giving a totul thickness of about 26 ft. 


Near the south coast, in the province of Hitaka, a de- 
tailed survey of a portion of this same coalfield was made 
by the Japanese assistants under my direction, which re- 
sulted in finding four coal seams of workable thickness, 
2.3 ft., 2.6 ft., 3.5 ft., and 4.00 ft., the last reported not mea- 
sured. The total thickness of rocks, sandstone, and shales, 
was about 2250 ft., the coal seams being within 370 ft. 
According to Mr. Lyman, this section corresponds to that 
of a portion of the lower coal measures exposed in the 
Ishikari Valley. The coal is of inferior quality. 

Similar thin beds were found at the northern extremity 
of the field near the north-west ‘coast, but the indications 
there were even less favourable. 

Of the three thousand square miles covered by this Ishi- 
kari coalfield, about six hundred square miles are known to 
be underlaid by the upper measures with 26 ft. to 60 ft. 
of coal, and it is probable that further explorations may 
extend this area. The remainder of the field, where the 
lower measures alone occur, with only three or four thin 
seams of coal, will prove of little value. 

The coals of the lower measures have not been assayed, 
but they seem inferior, and probably contain large per- 
centages of ash. 

The coals of the upper measures of this field have not as 
yet been mined, though several tons of samples and speci- 
mens have been brought from the different outcrops in the 
Ishikari valley. The lower coals have been mined in two 
places in a proving, _— ge Nye coast, but after 

out forty or ms at eac 
aban oped ty place the work was 
e Kayanoma Coalfield is in Shiribeshi province, on the 
west coast of Yesso. te area of this field is somewhat 
less than a square mile. The sectiont given by Mr. Lyman 
shows twel ve seams of fair and a coal of workable thick- 
ness, respectively 4.00 ft., 2.67 ft., 5.75 ft., 2.30ft., 5.68 ft., 
3.39 ft., 2.25 ft., 5.80 ft., 1.90 ft., 6.08 ft., 2.60 ft., and 
Hives oe. Pi gg Fy are contained within less 

. of strata. total thickness of w: 

coal would seem to be nearly 50 ft atten 
The coal is not so good as that of the Ishikari field, con- 
usually six to fifteen per cent. of ash, and in some 
beds twenty per cent. and more. The water varies from 
eo b>. on gibson ing usually between five and eight 
cent. is, however, a bituminous coal, though of poor 
quality, and not a lignite. One bed i Reaver 


* More than one-half of the coal product of Japan i 
obtained from beds of coal less than oft. in thickness, san 
seams even less than 1 ft. thick are worked in many places, 
though yiiing » profit only under very favourable circum- 
stances. Mr. Lyman in his assumes 3 ft. as the 
of workable beds, but in view of the above facts this 





limit 
limit 


have 


unworkable, but if w 
abundant margin. 


the Miike coalfield ; 
The Nagasaki Coalfield. —The most important of | able 


long-flaming, blacksmith’s coal, while most of the others 


are steam coals or dry coals with a long flame, few only 
being short-flaming. 

A mine was opened here about eight or ten years ago, 
which was for a time under the superintendence of Mr. 
E. H. M. Gower. The work was interrupted by the revo- 
lution, and resumed later under Japanese ment. At 
the time of our visit in 1873 the mine was producing, if I 
remember aright, only about fifty tons of coal per week, 
and this so mined as to be mostly slack. 

The Akkeshi Coalfield.—At the north-eastern corner of 
the island of Yesso, there is a large area of coal-bearing 
rocks ; but coal has been found in only two or three places. 
Mr. Lyman gives several sections,* the best of which show 
ten or more small seams of coal, four of which barely exceed 
the two-foot limit; and even these are split up into thin 
benches by thick partings of shale. In other places the 
showing is even more unsatisfactory ; and, as the cecal is 
only of fair quality, this coalfield promises to be of little 
importance. coal mine was opened by the Govern- 
ment here in 1871, but abandoned the next year. Like 
coal from many other parts of Japan, this sometimes con- 
tains small beads of amber (?) or some other fossil ‘resin. 

Coalfields of Nippon: Iwaki Coaljield.—On the island 
of Nippon coal has been found in many places ; but with 
the exception of the Iwaki coalfield on the east coast, we 
know little or nothing with regard to the extent or cha- 
racter of the deposits. 

This coalfield is in the ken of Fukushima and Ibaraki, 
and about a hundred to a hundred and twenty miles north 
of Tokio. At the time of my first visit, in December, 1874, 
I estimated its total length at twenty-five to thirty miles in 
a north and south direction, along the coast, with a breadth 
of three to five miles, from the coast to the hills of granite 
and other metamorphic rocks which form its western 


boundary. This estimate agrees closely with that 
by Mr. Plunkett,+ who makes the field thirty miles 
ong by seven broad. 


Since the time of my visit coal has been discovered at 
several places to the north, making it probable that the 
field is at least fifty miles long. is also reported to 
occur near Sendai, fifty miles further north ; but, if this be 
the case, it is probably another basin, and not a part of the 
same field. 

In this coalfield there seem to be but two workable seams, 
respectively four and a half and six feet in thickness; but 
a careful survey would, undoubtedly, show many more. 
The coal is of only fair quality, containing ten per cent. of 
ash, and about the same amount of water. It does not 
coke, belonging to the class of dry coals with a long flame. 
Coal is mined in a small way at several places in this field 
and is sent by junks to Tokio, where it is used, to a limited 


extent, for steam and household purposes. 

Other Coalfields cpt wn ete | of the Iwaki coal- 
field there are many local deposits of lignite, but none 
of coal. On the west coast, is repo to occur in 


oe ken; from which ken I have received specimens 
both of bituminous coal and lignite. According to Mr. 
Plunkett, this Niigata coal has been used by the Govern- 
ment steamers and at the Government gold mines of Sado. 
The coal is of good quality and abundant; but the limited 
local demand, and the want of a harbour have so far 
prevented the development of the mines, and the present 


production is quite small. 
Bituminous coal of good quality is also found in or 
places near the western extremity of Nippon, on the nort 


coast ; and it seems probable that there may be one or more 

coalfields in that region. Anthracite coal of excel- 
lent quantity, of which I have received several specimens, 
is found in Miye ken (province of Kii) at the southern 
end of Nippon. Captain St. John, of H.M.S. Sylvia, 
when in the harbour of Katsira, took on board fifty 
tons of this coal for trial, which he describes as excellent 
in appearance, very hard and heavy, and free from dust. 
Apparently unacquainted with anthracite, he expresses 
some rise that this coal, when tested, ‘‘ simply refused 
to burn ;”’ when mixed with other coal, however, it did 
* fairly well.” 

Coalfields of Shikoku : Awa Coalfield —Coal is reported 
to occur in many on this island; and there is pro- 
bably a coalfield of some size on the east coast. I have 
specimens of coal from this region which seem to be of fine 
_: One specimen, at least, is of a fat, caking coal. 

r. Frecheville, of the Mining Office, spent the summer of 
1875 in exploring this island, of whose mineral resources 
ar ® eat His report, however, has not yet been 
P" Coalfields of Kiushiu—The most important coalfields of 
Japan, as being best developed, and producing most coal, 
are, at present, those of the island of Kiushiu. These 
yielded, in 1874, eighty per cent. of the total product of the 


empire. Last summer, with a of students, I made a 
raged telp through this island, the auspices of the 
Imperial University, in the course of which we visited all 


but one of these coalfields 


island, which may be styled as follows, viz. : The 
coalfield ; the Karatsd coalfield; the N coalfield ; 
and the an ite fields. 


The available arva of this field is not more than 
a couple of square miles, comprising a few small islands at 
the mouth of the harbour, and a small strip of the adjoin- 
i ter area lies between these islands, 


these, although of small extent, lies in the harbour of Na- 


have the exclusive right to mine coal on three 
or four of the largest of these {elands. Their energies are 
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* Kaitakushi 
| eee Jaren 
Transac. Asiat. 


Soc. of Japan. Vol. iii., part ii., p. 37. 


It seems that there are five important fields on this | ig 
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at present concentrated on one island (Takashima), where 
they have a large and well-developed mine under 
superintendence. In 1874 this mine produced over 72,000 
tons of coal, a ing 240 to 250 tons per working day. 
In 1875 the production was increased to between 300 and 
400 tons per day and, lately, the daily output has reached 
an average of to 700 tons. 

There are reported to be thirteen or more seams of coal 
on this island, 3 ft. to 16 ft. in thickness. The upper beds 
have been in former years exhausted by the Japanese, and 
but three seamsare now worked, the ‘‘ five feet,” and the 
** eight’”’ and “‘ ten feet’? seams. These last are separated by 
a parting of shale about 1ft. thick. and form really one 
bed, averaging 16ft. in thickness. Other thick seams are 
reported ; and there is said to be enough coal on the island 
———— a daily production of 400 or 500 tons for seven- 

years. 

Borings have been made on the other islands showing 
several seams of coal of workable thickness ; and the com- 
pany are now making preparations for the sinking of one 
or more new shafts. 

The coal of Takashima Island is of very fine quality, 
being a fat, caking, blacksmith’s coal, with but 5 per cent. 
of ash, and 1 to 2 per cent. of water. It is the favourite 
fuel of the various lines of steamers which visit Japanese 
ports, and the supply by no means equals the demand. In 
addition to the superior quality of its coal, this N 
field has another great advan‘ in being situated at the 
mouth of one of the best harbours in the country. If 
necessary, large vessels could be loaded with coal at the 
mouth of the mine. A small navy of junks, and several 

hulks and lighters, bring the coal to Nagasaki; 
ad , however, but little to the cost. 

Their situation, of course, gives these mines a great ad- 
vantage in competition with those of other ions; and 
could they supply the demand, but very little would be 
mined elsewhere in Japan. Even now the miners of other 
less favoured localities look forward anxiously to the time 
when, as they say, ‘the Takashima workings shall be 
drowned out b: sea.” 


the 
Re ee boo Taka rein alone approaches — Ta- 
hima in q g in some respects, ps, 
even better; but, as it lies in the interior of the feland of 
Yesso, the expense of bringing it to market, eighty miles 
by rail, or by rivera still greater Leen a ee ‘it ata 
serious disadvantage in competition with the Takashima. 

Karatsu Coalfield.—North of Nagasaki, on the west 
coast of Kiushiu, in Nagasaki ken, lies the coal- 
oe which E have styled the Karatsu coalfield, 
the coal brought from this region being everywhere 
as Karatsu coal, though but a small of it comes from 
the Karatsu district proper. This field is divided in two 

laces by large and narrow bays, from which many 
rbours te on all sides. harbours afford shelter 
to numerous junks, and facilitate the transportation of coal 
to market, encouraging the opening of mines at many dif- 
ferent points. 

In visiting this coalfield, I was fortunate in that my road 
several times crossed the boundaries, so that I am enabled 
to map the extent, and to approximate very closely to the 
truth in my estimate of the area of the field. Mr. Godfrey 
estimates this area at 266 square miles; dividing it 
into mining districts—which have, however, no na’ 
boundaries—as follows : 


Square miles 
Imabuku District ont iii 
Taku Me. au és bs or .. 36 
Karatsu > 40 
Hirado ‘ 120 
Total estimated area ... . 266 


From the rough map resulting from my reconnaisance, I 
am inclined to believe that this ismuch less than the true 
area of the field, which I estimated at somewhat over 360 
square miles, as follows : 


Square miles 
Karateu peninsula (including Taku District?) ... 140 
Hiado i including Ima’ i ) 180 
Southern ,, (including Matsushima) 


Total estimated area ... ee eo 360 

With regard to this southern peninsula, I am informed 
that sandstones, &c., similar to the coal- ing rocks, are 
continuous along the west coast nearly to Nagasaki bay. 
If these are measures, t i has an area 0 
coal-bearing rocks several times 
No coal med oe . ppeatdan va been 
peninsula ; thou 8 are 
sushima, & Gian off the coast. . 

The of the Karatsu field are all very thin, In 
the lower measures thereare perhaps ten seams, from 1 ft. 
or less up to 1,4, ft. in thickness. the upper measures 
there are, at least, two or three workable seams ; the best 
mageraed of 4ft. The thickest that I saw was but 2:4 ft. 
_ Notwithstanding the thinness of the coal beds, this field 


empire. Nearly. all of this coal was obtained from 
between 1 ft. and 2ft. in thickness; while in very f. 
ooh oro a seams only x5 ft. thick have been worked 
The coal of the Karatsu field is mainly a non- 
coal with a long flame, or a caking coal with a short i 
The quantity o: ony ip somatinnes uma, Rot nanny Sm 
cent. or more ; and of water, not often more than 
cen’ Karatsu coal is largely used by Japanese steamers 
pe ye prmpemer gg mapa oe an pret Saag « 
. Its consumption, how- 
is in salt boiling, being used for the tion 
of the brine from sea-water, previously 


the 

sun and wind. 
Miike Ooalfield.—This coalfield is situated about forty 
miles north-east of Nagasaki, for the most part in the ken 
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of Fukuoka, near the bo: of Kumamoto ken, and on 
the coast of the Gulf of Shima . The coal rocks are ex- 
in a belt parallel to the coast, with a width of one or 
miles, covering an area of nearly twenty-five square 
miles. They have a general dip of about 5 ft. in 100 ft., 
toward the sea; but in some places they are said to be 
locally folded and faulted. Near the coast they are over- 
laid by more recent clay rocks, but taking into account the 
tle dip of the coal strata it seems probable that they will 
fe found beneath these clay rocks at a depth of not more 
than 1000 ft., over an additional area of twenty or thirty 
square miles, making the total available area of this field 
perhaps fifty square miles. 

So far but two seams of coal have been worked; the 
upper bed 6 ft. to 8 ft. thick, and the lower, separated from 
this by 20 ft. of rock, 4ft. to 5 ft. in thickness. A third bed 
is reported to occur below these, but it has not yet been 


wo 


Misine ager  . ogiedy worked by = ~~ 
ini ce, under Japanese superintendence, and pro- 
duces annually 60,000 to 70,000 tons of coal. The coal is a 
fat, caking, blacksmith’s coal, resembling that of Taka- 
shima. It is used principally for salt-boiling, though a small 
proportion of the product is brought to Nagasaki and other 
, where it is gradually finding favour as a steam coal. 
Ft is also used, to a limited extent, for the manufacture of 
coke ; the different foundries of Nagasaki, Kobe, and Yoko- 
i demand for this fuel. It has also 
gas coal in Yokohama and Tokio, though to 
what extent I am anable to say. 
The Miike coal is somewhat inferior in quality to that of 
Takashima, containing a larger percentage of ash. From m 
own assay of asmall hand specimen, this would seem to reac 


seventeen cent., but it | be that my sample was un- 
usuall . The water by the same assay was only one- 
half of one per cent. The coal of the upper bed is said to 
be the best 


The Miike coalfield labours under a serious disadvan 
in that only vessels of very pa henge > can approach the 
shore, the water being very shallow, and mud-flats of a mile 
or more in width appearing at low tide. The coal must, 
therefore, be taken in these small vessels, eighty or ninety 
miles by water, to Nagasaki for transhipment, this being 
the nearest port. 

Amakusa Anthracite Fields.—On the west coast of the 
island of Amakusa are two small coalfields, each but a few 
square miles in area. The coal is an anthracite ; sometimes 
even graphitic. The beds are but 2 ft. to 3 ft. thick, and 
two seams only are recognised, though there are probably 
more. 

Thecoal is mined in many places, but only ona small'scale. 
The whole product is used in the neighbouring provinces for 
lime-burning. 

Graphite.—In Kagoshima ken, near the southern ex- 
tremity of the island of Kiushiu, a small deposit of graphite 
has recently been discovered. The graphite occurs in irre- 
gular masses, scattered through the fissured, broken, and 
partially metamorphosed rocks forming the foot wall of a 
volcanic dyke. Similar well-defined dykes, 100 ft. to 120 ft. 
in thickness, everywhere penetrate the shales and sand- 
stones of this vicinity. 

Deposits of coal, of a very inferior quality, are said to 
occur within a few miles of this place; and, from their re- 
ported direction, are probably in the same series of sand- 
stones and shales. It seems, therefore, not unlikely that 
this graphite may prove to be the result of a local altera- 
tion of one of these beds of coal, and that further develop- 
ment of the mine may lead to the discovery of this bed. 

The graphite is of very good quality, as will appear from 
toe analyses made by Mr.Gowland of the Im- 


perial 
I II. 








Carbon... -.. 88.09 89.22 
Ash (pale grey) .. 11.01 10.78 
99.10 (?) 100.00 


This graphite has not yet been utilised, though experi- 
mental crucibles have been made from it which are said to 


work well. 
(To be continued.) 





EXPERIMENTS ON HOWARD BOILERS. 

In the American Institute Fair of 1874 there were 
éxhibited examples of the Howard boiler, and one of those 
boilers, which was in use during the fair, was subjected by 
the judges to some experiments with a view of ascertain- 
ing its efficiency. These trials afforded some experimental 
data of considerable interest, and we therefore propose 
to lay before our readers an abstract of the report some 
time after issued by the judges, this report having been 
prepared by Mr. Theron Skeel. The following is the 
abstract of his report: 

In the boiler which was used during the fair, the inclined 
tubes were connected at one end only with wrought-iron 
vertical tubes by screwed joints. The o,enings between the 
tubes are in some paces closed by iron plates laid upon them, 


causing the products of combustion to take a tortuous course. | small 


The opening from the furnace to the flue is closed, except 
at the top, by a brick wall, thus preventing any of the hot 
passing directly into the flue without going between the 
bes. Ls pee oes the chamber containing the nests of 
pipes is cl at the front end by cast-iron plates, each 
plate being long enough to reach and 
=— 6 = wide. These a are "ae eet held 
y suitably taking down these 
Piste each of which bo-cnat handled by one man, 
he whole exterior surface of the tubes could be inspected 
and cleaned, and by removing the caps to the heads, each of 
which was held in place by one bolt, the whole interior sur- 
face of the tube could be cleaned. The feed water is intro- 
duced into the lowest horizontal section at the front, and 





may find its way into any of the tubes in this horizontal 
section, but can only reach the upper tubes through the 
back end. 

The following are the principal dimensions of each of 
the four sections of boilers on exhibition, each of which 
could have been used separately or in conjunction with the 
others by suitably arranged valves : 


sq- ft. 
Grate surface ees = ee 
Heating ,, os: = ratio to gra 
Superheating surface 294 10. 
Cross area of passage 


for products of com- 

bustion between the 

grate bars ... ... 10 om 1: 27 
1st connexion ... 1.9 eo 1:14.1 
2nd - hg = oe s 1: 4 
Grd, con stele A a 1 : 9 
Into flue (original)... 3. a : 

», (reduced) ... 1.25 - 1 : 21.6 
Steam room, 128 cubic fee eo 4.7:1 
Water room, 74 cubic feet “o 2.7:1 
Pounds of water in boiler at two gauges 4200 


Mean area of smoke sq. ft. 

stack ... .. .. 4.36 ratio to grate 1 : 62 
Height of smoke stack above grate «- 60 ft. 
8 of boiler exposed to radian 


of fuel ewe ° 45 sq. ft 
ft. in 
Mean distance from top of fire Sie wo 3 6 
Distance travelled by product of combus- 
tion while in contact with tubes ... sei Q 
Diameter of tubes... ove ‘ 09 
Thickness “ wo 0 Of 
Length a oie ot 28.0 
Diameter of steam drum .. 012 
Thickness ue 01 
Length 6 0 


‘of these sections in. reference to the 


The arrangement 
One section No. 3 


flue and chimney is shown in Fig. 1. 
was selected for trial. 
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It was decided by the Committee to test the capacity 
and economy of the boiler under two steam pressures in 
order to determine whether there was any difference in the 
working. These tests took place on the 17th and 18th of 
December, 1874, the first being under a pressure of 75 lb. 
by the gauge, and continuing from 7.30 p.m. on the 17th 
until 5.30 a.m. on the 18th; the second being under a pres- 
sure of 135 Ib. by the gauge, and continuing from then 
until 4.30 p=. on the 18th. Before comme the first 
experiment steam was got up in the boiler to 75 lb. with 





wood and coal, which was then drawn from the furnace | dis 


and carried from the room. The grate and ash-pit were 
then swept clean, and 46 lb. of dry pine wood laid in the 
furnace, kindled and — with coal as fast as it could 
be ignited. At the time the wood was kindled in the grate 
the experiment was held to commence. While the fires 
were drawn from the furnace the height of the water in 
the glass g ; dye Fa vay alee be bg —— | as pad 
as possible a uring experiments, and was 
brought there niter the fires were drawn at the end of each. 

The coal was weighed out in lots of 300 lb. each, and 
as fast as required, a fresh lot —s laid upon the floor as 
soon as the last one was all — the fire. The pounds of 
coal entered upon the log are those recorded by the man at 
the scales]; thus at 9.30 p.m., when there is marked 1800 Ib. 
of coal, 1500 Ib. of this may have been on the fire and 300 Ib. 
nyt was intended to fire often and regular! ible. 

was in o! as ly as possi 

As much coal as the fire required was fed on about every 
fifteen minutes. The draught was not good and the fires 
were worked —— deal with the slice bar, and a os 
deal of fine forced through the grates into the ash pit 
by the — en a the —_ Lang = 
grate , the ‘‘ Tupper bar,” dividing the grate: in’ 

ings, jin. by l}in., with an intermediate rib 
in. thick, did not allow the fires to be pricked up from be- 

w- It is believed that if this could have been done a 
mens more active combustion could have been main- 
tained. 

The fires were thoroughly cleaned at 3.30 a.m. on the 
18th, after having been in use nine hours. The total refuse 
- = a ope was ot Ib., ——- oc. 
the proba! uring peri e 
were maintained ata uniform thickness of from 7 in. to 9 in. 

The coal was ‘“‘ Lackawanna’”’ of a) tly good quality 
and was in uniform lumps of in. greatest dimen- 
sion. It was fed to the fire without being picked, di 
as it comes from the coal . Theashesandclinker, 





all the material remaining on the grate at the end of the ex- 








periment, were weighed while dry and deducted from the 
a of coalfedin. The balance being charged as “‘ com- 
bustible.”’ 

The feed water was fed into the boiler by an injector from 
a wooden tank on one side of the fire-room. This tank 
was 14 ft. 0} in. long by 5 ft. 104 in. wide, and 7 ft. deep. 
A brass rod divided into inches and tenths, was arranged 
to slide vertically in a socket screwed fast to the side of the 
tank. This rod was provided at its lower end with a hook, 
which formed a little dimple in the surface of the water 
whenever the point was a little aboveor below. By moving 
the rod slowly up and down, and by watching the appear- 
ance, disappearance, and se age of this little dimple, 
the point of the hook could be adjusted as accurately to 
the surface as the review on the socket would read—x}; in. 
The weight of water corresponding to 1 in. of depth of 
the tank was 317lb. nearly, so that the weight of water 
which had been fed into the tank was able to be measured 
within 3ivs lb. at any i t. 

The  fanee was adjusted to the surface of the water, 
clamped and read eo | half hour, and at the expiration of 
the half hour was read again in its — position before 
being readjusted to the lower level. The tank was so large 
as only to need to be replenished once during the whole 
time. It was intended to keep a steady feed on the boiler, 
but the injector would not feed so slowly and had to be shut 
off about two-thirds of the time. The tank was mounted 
on blocks 2 ft. above the ground, so that its whole surface 
was visible. It was practically tight, the leakage not ex- 
ceeding 50 1b. during the whole trial. 

In place of condensing all the steam that was formed in 
the boiler in a surface condenser, and measuring the weight 
of water so condensed together with the weight of the con- 
densing water and the aes temperatures, as was 
— the Committee in 1871,* the following plan was 
ado . It is believed this method was first suggested 
y . D. Van Buren, Jun., C.E., late Engineer Corps, 

-S.N., Assistant Engineering Department of Docks, New 
York. A small portion of the steam was drawn from the 
steam drum in the neighbourhood of the safety valve, and 
conducted through 25 ft. of 14 in. pipe to a worm on a tank 
of water. This pipe was carefully wrapped with felt 1} in. 
thick, and was provided with a valve at the end near the 
steam drum, by which the amount of steam flowing to the 
worm was regulated. There was also a valve on the outlet 
from the worm. The worm consisted of 32 pieces of 1} in. 
pipe each 30in. long, and connected together to form a 
rectangular spiral, the whole coil being immersed in the 
water. A short pipe was led from the end of the worm 
through the side of the tank, and delivered into a barrel 
Pp on scales close by. Condensing water was led into 
the tank at the top from the Croton main through a pipe 
provided with a valve to regulate the flow. 

This water discharged itself through an orifice in the 
bottom of the tank into a waste pipe leading to the sewer. 
The tank was the same that had been used for the rotary 
engine test at the fair, and for the test on the circulating 
pumps on the United States s.s. Tennessee, by Chief En- 
gineer Shock, U.S.N. The amount of water which would 
be discharged by this orifice at various heads had been 
found by previous experiments on the Tennessee. The 
following is an extract from the report on that occasion :¢ 

** The following are the mean results of 49 experiments 


with a head greater than 3 ft. : 
Head of Water above Cubic feet discharged 
plate, in inches. by each Orifice per second. 
72.154 -1059 
52.660 0900 


41.050 0796 

‘* Fifty-four experiments on less heads than these gave 
results varying among themselves from zero to 25 per cent., 
and are, therefore, rejected. 

‘* The amount of water discharged from the same orifice 
at different heads should vary, if there were no causes of 
isturbance, as the square root of the heads. 

“The following comparison of the amount discharged 
actually and computed for the last two cases, by a com- 
ae of the square root of the heads with the amount 

elivered in the first case, shows that the discharge does 
be og the square root of the head, as the differences are 
within the errors of observation : 
Discharge by 
Head in Inches. Experiment. By Comparison. 

72.154 -1059 

52.660 0900 .09019 

41.050 .0796 .07964 

** The co-efficient of contraction being the ratio of volume 
of water actually discharged to that represented by the 
area of the orifice ih arpa velocity, is 

The tank was of boiler iron 48 in. in diameter, and 72 in 
deep, and jin. thick. Soon after starting fires in the boiler 
the steam was turned into the worm and the Croton water 
into the tank. The valve in the Croton water pipe was ad- 
i so as to supply as much water as would flow through 

he orifice under a head of 564 in., and was not c 

until the experiment was concluded on the following day. It 
was intended to adjust it so that the head of water would be 
60 in., but the variation of level was so slow when there was 
aaely an , “pry ge —- the inlet and the 
harge r it was supposed there was an equi- 
librium; that is when there was no visible vurietien 
of level and the valve made fast, the surface of the water 
sank slowly during the next hour from 60 in. to 56} in., as 
recorded inthe log. The Croton water was}drawn from the 

main in 2nd Avenue. e 
As the orifice in the bottom delivered a uniformly varying 


+ Soe Cena et Ae Det 

pumps on Uni . 
s.s. Tennessee, 1874. These reports were published on 
pages 217 and 256 of volume xix. of ENGINEERING. 
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Number of Cubic Feet which will be Disc ed in One 
Hour from a Single Orifice at Various Heads, com- 








> 
ted from Experiment by a Comparison of the Square 
t of the Heads. 

Head in : Head in : 
tastes Discharge. Teohes. Discharge. 
72 380.8 52 $23.7 
71 378.2 51 320.6 
70 375.5 50 317.4 
69 372.8 49 314.2 

370.1 48 311.0 
67 367.4 47 307.8 
66 364.6 46, 304.5 
65 361.9 45 301.1 
64 359.1 AL 297.7 
63 356.2 43 294.3 
62 353.5 42 290.9 
61 350.6 41 287.4 
60 347.7 40 284.0 
59 344.8 39 280.3 
58 341.8 38 276.7 
57 338.8 37 273.1 
56 335.9 36 269.3 
55 333.0 35 265.6 
54 329.9 34 261.7 
53 $26.8 33 257.9 
52 323.7 32 254.5 

















quantity proportional to the square root of the head of 
water in the by , and - there Pate a ot ae “ 
opening in the Croton water supply pipe during the whole 
experiment, if there was any ns ion of head in the tank 
it must have been from a variation of pressure in the Croton 
main. The pressure in the main undoubtedly does vary at 
different hours of the day with the consumption of water. 
The head of water in the tank indicates that the pressure 
was greatest from 3 a.m. until 5 a.m., was least from 
8.30 until 9.30 a.m. The consumption undoubtedly varies 
in the inverse. The following Table shows the variation of 

ressure as indicated by this experiment at different hours 

uring the day. This variation is only true for the section 
supplied by the main at this season. 








l 
Hour. | Pressure. Hour. | Pressure 
9.30 P.M. 94.1 7.30 A.M. 95. 

10.30 ,, 941 || 830 ,, 83.3 

11.30 3, 96.7 || 930 3, 90. 

12.30 a.m. 96.7 10.30 ,, 91.7 
130 ., 98.3 11.30 7 93.3 
2.30 ,, 98.3 | 12.30 ,, 93.3 
$.30-',, 100. | 1.30 p.m 93.3 
4.30 > 100. 230 ,, 93.3 
5.30 ;, 100. 3.30 ,, 93.3 
6.30 ,, 95. 














These figures indicate that the consumption commences 
to increase after 530 in the morning and rises rapidly toa 
maximum at 8.30. From 8.30 it diminishes slowly until 11, 
after which it remains nearly constant during the day, then 
slowly falls until 2a.m., becomixg a minimum at from 2 a.m. 
until 6a.m. The weight of water condensed in the worm 
being known and the temperature of the water of conden- 
sation, and also the weight of the condensing water and the 
temperature of the injection and discharge, the degree of 
superheating of the steam, if it is superheated, or the 
amount of water entrained with it, may be computed. 

All the steam that was formed in the boiler and was not 
condensed in the worm was allowed to escape into the atmo- 
sphere through the safety valve. As the steam which flowed 
tothe worm was drawn from the steam drum within a few 
inches of the safety valve, there is no reason to sup 
that it was not of the same quality as the steam which 
flowed through the valve. It is on the correctness of this 
assumption that the exactness of this method rests. The 
apparatus for condensing the steam may be as small as con- 
venience requires, and will give accurately the quality of 
the steam. The total weight of steam ovaperntol is given 
by the measurement of the feed water before being pumped 
into the boiler. 

There was a high e thermometer in a mercury cup in 
the steam drum. This thermometer did not indicate as 
high a temperature as that due to the temperature of the 
steam. Notwithstanding that the thermometer did not 
record the exact temperature of the steam, its variations 
served to show that the steam was not superheated. 

The temperature of the gas leaving the boiler was tested 
by a thermometer in a sand bath in the flue marked T in 
Fig. 1. Fig. 2 shows a section of the flue at the point 
when the thermometer was inserted, and the amount of 
contraction from the original size of the flue. The sand 
bath was a piece of 5} in. iron pipe, plugged at the bottom 
and filled with sand. The thermometer was lowered into 
the pot through a hole in the tile covering the flue, which 
was closed with a block of wood except = be the thermo- 
iweter was being examined. 

The temperature of the gas in the main flue was 
occasionally taken with the same thermometer, without the 
sand, at the point marked X in Fig. 1. This temperature 
was always considerably less than that of the connecti 
flue. It is believed that this difference was due to the co 
air which leaked into the flue through the boiler No. 4, in 
Fig. 1, and mixed with the hot .gas from the boiler 
being tested. It was believed during the experiment 
that all connexion between boiler No. 4 and the main fiue 
had been closed by a brick wall temporarily erected across 
the flaeat y, Fig. 1. It was found, however, after the ex. 





periment this brick wall had fallen down, exposing 
an opening of atleast one- a square foot 
closed & i + explain enn t, and as these doors 

e as were 
fitted it is believed that no appreciable amount of air leaked 
in through them, but that all the air leaked through the 
false front and openings in the brickwork. 


Fx 










SS 


The connexion between the other boilers, Nos. 1 and 2, 
was closed by luting the dampers provided with fireclay. 
The tightness of this joint was tested during the experi- 
ment by mempes. | a fire of shavings in the furnaces of 
these boilers and watching the course of the smoke, which 
alkreturned into the fire-room through the furnace door 
and through the omnes in the iron front. 

The pressure of the gas in the chimney was measured by 
a siphon gauge, the leg entering the chimney being a } in. 
iron pipe, continuing through the brickwork to the 
centre of the flue, the end being turned up. There was 
alsoa similar gauge with the end bent down. It was ex- 
pected that the velocity of the air in the flue could have 


Fig . 3. 
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18ru, 1874. 
Total Quantities. 
lst.  2nd.. Mean, 
Duration of iment, hours 10.5 ll. 21.5 
Pounds of coal fed into furnace ae rem 
Pounds of coal and ashes with- 
drawn ... * ae we 1,158 
Pounds of combustibleconsumed  ... ... 3,942 
Pounds of water fed into boiler 17,338 21,015 37,408 
Dy > entrained with 
i oon pn .» 452 3,100 8,552 
Pounds of waterevaporated ... 16,886 17,915 33,851 
es » condensed in 
worm ... se Rs . 8,488 5.418 
Number of minutes worm was in 
Pressure. 
Spomm in belies aes ove eek 7 a 
phon gauge in chimne: ost é 
aoe bas Me ie 
Temperature. tin 
. deg. 
Feed ” ee Bas 38 86. 354 
Atmosphere 40 


Steam (by thermometer in drum) 314 346.8 
Gas leaving boiler ‘ea 2 


» entering chimn és 234 
Water from worm ed oon oh np a 
jection ... ‘a i on, ee 
Discharge ... ‘ty as bree 55 64,82 
1% Experimarct. 
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—_ ———- oe Aap omg i height of —) ome 
of water in these two gauges. gauge connecting wi 
the tube bent down ran have measured the difference 
of weight of the column of air within and without the 
chimney, while the gauge connecting with the tube bent up 
would have indicated a pressure less than this weight by 
the weight of a column of hot gas sufficient to give the ex- 
— velocity to the gas in the chimney. It was found, 
owever, that this difference of height, although per- 
ceptible, was too small to be measured by the gauge. 
his difference being the height of a column of water 
—— weight to a column of hot gas through which 
a body falling would acquire the velocity of the gas in the 
chimney, may be determined as follows : 
Velocity of gas in cay from experi- 
ment in feet secon a ee 
Weight of a cubic foot of gas at 230 deg. 05988 
a ‘je water at60deg. 62.4 
Height due to a velocity of 11.25 ft. . 
o> of a column of gas 1.9625 ft. 


PN rhs’, a ‘ed 1177 
Height of a column of water of same ; 
weight... ‘he s o.. ody 0226 in. 
Measured height of siphon gauge with ol 


en t ‘oP ad ve pes . 
.*. Measured height of siphon gau; 
with end bent down (.161+.0226) = -1836 
A very striking example of the experimental fact that a 
gauge connected with a tube, having an orifice directed 
against the current of gas, will not indicate a less 
pressure than that in the reservoir from which the 
sure flows, is cited by Chief hoe ago Isherwood, UBN. 
In some experiments being to determine the neces- 
sary size of orifice for a safety-valve or boiler, in one case 
a2 in. pipe 4 ft. long was tapped into a steam drum, both 
ends being open. "* steam gauge was connected with a 
long } in. pipe, which could be run down through the 2 in. 
ipe until the end was well inside of the steam 
ile steam was raised in the boiler, and rushing out 
into the atmosphere through the 2 in. pipe, the gauge 
pipe was gradually withdrawn, and the reading of the con- 
necting ‘gauge noted for every position from the time 
when the end was-on the steam drum until the time when 
a ont tie cal Soe i 
gauge mar ly the same e 
soumttieg of (ha stoupe'ts tbo nelior 40 to. te eveey padiioe. 
The copies of the logs of the two experiments following will 





Mean ntities, 
Pounds of combustible per 


Pounds of combustible per 
square foot of grate... mes aes. ae WD 
Pounds of combustible per 
square footofheatingsurface .. ... 0.308 


Apparent evaporation per 
wae combustible «. 9.024 9.915 9.469 
fac of water entrained 


steam per pound of com- 
ae ae oo» 226 1,547 
ive evaporation per pound 
wach combuatila e * 8.798 8.368 8.543 
ective evaporation per poun 
of combustible from 212 deg. 10.75 10.28 10.53 
Per centage of total 
tion (useful) ... ies «» 0442 .709 .726 
Per centage of water entrained 
with steam ... oid we 2.6 15.5 
(To be continued.) 





AMERICAN PETROLEUM.—The shipments of leum 
from America last year ray | about 40,000 of 
Canadian oil, amounted to 236,751,446 gallons, against 
221,710,049 gallons in 1875, and 222,869,010 gallons in 1874. 
The shipments appear to have been larger last year than in 


any previous twelve months ; the increase is accoun 
by deliveries made to Japan and other Eastern markets. 


J. F. Carn Anp Co.—' + French mechanical con- 
cern known as J. F. Cail Co., made but a poor "8 
work in 1875-6. The depression prevailing ly in 
business told me og he the company during the twelve 
months, as regards both the orders secured and the 
realised for the work done. The Brussels branch i 
a profit of 8501. in 1875-6, as compared. with a profit of 
34441. in 1874-5. At Denain and » & loss of 30501. 
was, however, sustained in 1875-6, while a profit of 10,4042. 
was made at the same points in 1874-5. At Paris a loss of 
35971. was sustained in 1875-6, while in 1874-5 a profit of 
42,5111. was made in the same capital. Under the adverse 
circumstances of 1875-6, a divi upon the com; 
shares for the past year is, of course, out of the question. 
The new year commences with work on to the 
estimated amount of 320,000/., as compared with 200,0001. 
twelve months since, 
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MET. ALS. 
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Australi 93 10 ° 
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” eeere 3! 
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, brown... : 10 66 so 
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en head ° 8 
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» yellow ° 32 0 
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 _, See eo 8 © 
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se ORES cccccccscccscee 10 «=f um 60 
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°° °° 
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WIPINGS, ONGING ..scesce00008 20 8 85 
CHEMICALS, &e. 
AOIps— (per Ib: a. d. s 4, 
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PRICH LIST OF MATHRIALS. 


THuRSDAY, JAN, 25, 1877. 
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Warnsoor (Logs calliper 
measure) 
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Oak timber, Desi 
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(Per load). 
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page sao our last number, Mr. Stannah’s address was, b; 
ypographical error, given as “ Liverpool” instead instead of 


* London, 





mt eet a Pump ; Erratum.—lIn the title of the | Bzziaran Brrpexs.—The Belgian Railway Plant Com- 

of Mr. Stannah’s 2 sees vane, erase | | pany, of which M. Evrard is the managing director, 
fo bee ty tp yA tH There are 
still considerable complaints as to the condition of Belgian 
| industry ; the order now mentioned is accordingly welcome. 


The exports eer 
44,717 cases of omen slates, and 10, 
slate having been shipped to Great Britain during 1876. 


to foreign 


American StatTEs.—The slate business of the Lehigh 
Valley has been better this oe eee it ever was before. 
on the increase, 
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SCIENCE EXHIBITS AT THE PHILA. 
DELPHIA EXHIBITION.—No. III. 
Tue Americans seem to have established for them- 
selves a reputation as an energetic, industrious, and 
thorough business class Fs rs Although by no 
means Seapiaing the dulce, they have a preponderating 
fondness for the utile. Most of their exhibits at Phila- 
delphia corroborated this character ; and conspicuous 
inter alia was the collection of instruments, charts, 
and reports belonging to the United States Signal 
Service. This very useful organisation was called 
into existence by the strategical requirements of 
the civil war. It has outlived the demand that 
created it; and instead of being limited to a few 
picked men armed with rude materials for signalling, 
it has developed into a strong corps having its centre 
at Washington and radiating throughout the length 
and breadth of the North American continent. 
The reports and bulletins are of incalculable 


ENGINEERING. 
urposes, In order to obviate telegraphic mistakes 
ey ‘ slips” an easy code of signals has devised, 
It is merely a collection of words to which a con- 
ventional numerical meaning is attached. Thus 
suppose the sergeant in charge of the station has 
concluded his observation on the barometer and 
that he telegraphs the word molten. This tells at 
Washington that his barometer stood at 30.04. The 
hours at which the observations are taken are 7.35 
A.M, 4.35 P.M., and 11 p.m, actual (not local) time. 
The words for the 7.35 barometric observations 
begin with the letter M; thus magnet would mean, 
time 7.35, pressure 28.39. Those inning with 
E denote the 4.35 observations ; thus endless refers 
to time 4.35 and pressure 29.74. The last observa- 
tions are designated by the letter N ; thus Napoleon 

indicates time 11 P.M., and pressure 28.58. 
Besides the Daily Bulletin, of which we have just 





= en, this department further issues a ‘‘ Weather 
ap.” Thisisa map of the United States 12 in. by 





all 
twenty-four 
the same 
are up for 
600 ; in Cincinnati 900. The f 
the Farmer's Bulletin of August 15th. 


Synopsis for the Past Tw -Four Hours.—The baro- 
tuehte tne ven fn the ‘Bloisspp valley and 
Lake region and is highs, oer tnd 

ing lowest 


or. It from Tennessee and South 
tlantic States, in last section. Occasional 
rains have fallen in Gulf, South Atlantic and Middle 
Atlantic States, the coast of Main, and from Missouri 
to Michigan. bee by ture nn oe Se “a 
Mississip valley Lake region, 
brisk northerly winds. I Monday the rivers slightly 
rose at A’ and Pittsburgh and fell at Nashville, 
Leaven’ , Shreveport, St. is, and from Helena to 
New Orleans. 


Probabilities.—In the South Atlantic and Hast Gulf 
States falling followed by bor ngs barometer, 
stationary temperature, southerly westerly winds 
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service to meteorological science generally and to 
the merchant navy, chambers of commerce, and 
farmers in particular. ‘They are taken three times 
a day at about one hun of the most important 
stations of the country and are forwarded by the 
wires to Washington, where they are tabulated, 
em and finally distributed toall the chief cities 
of the Union. From the telegraph offices, copies 
are sent on payment of a small fee to the principal 
hotels, underwriters, chambers of commerce, and in- 
stitutions that may have applied for them or in 
which they may be of interest or utility. Each of 
these “‘ Daily Bulletins,” as they are called, gives the 
following information for nearly one hundred cities 
in the States and a few in Canada, viz., the height 
of the barometer, the change in the barometer 
during the last eight hours, the temperature and 
change during the last twenty-four hours, the re. 
lative humidity, the wind, its velocity in miles per 
hour, its pressure in pounds per square foot, and its 
ion, the amount of upper clouds, amount of 
lower clouds, the rainfall in inches during the last 
eight hours, the changes in the height of rivers 
during the last twenty-four hours, the general state 
of the weather as to fair, clear, cloudy, &c. Such a 
e implies a vast amount of labour, but the 
department is so well organised that a corps of four 





hundred and fifty men are quite sufficient for all 





16 in., showing the isobaric and isothermal lines as 
determined by the last observations, the direction of 
the wind and its velocity, the state of weather, the 
temperature, height of barometer, and degree of 
humidity. In addition to this information which is 
necessarily scattered over the map, this document 
further contains arranged in parallel columns the 
changes in the barometer during the last eight hours 
at all the meteorological stations, and the changes in 
the thermometer during the last twenty-four hours, 
whence is deduced the probable state of the weather 
during the ensuing twenty-four, All these data 
are 8 i in another portion of the map 
into a synopsis of the past bag hours. 
This Weather Map as well as the Daily Bulletin is 
issued three times a day. The first one, embodying 
the 7.35 A.M. observations, is published at Washing- 
ton at 10 a.m., and at about 10.30 in all other cities. 
The maps issued at centres other than Washington 
are similar in size, but give neither the isobars nor 
isotherms. Each station has a supply of these maps, 
on which the officer in charge p to print the 
observations as soon as they have been received from 
Washington. 

There is still a third publication sent out once a day 
by this department, and which is specially intended 
for the benefit of agricultural districts. It is called the 
‘‘ Farmer’s Bulletin,” and is published at 10.30 a.m. a, 
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age J cloudy weather will prevail, with rain areas in former. 
the West Gulf States and Tennessee slight changes in 
pressure and temperature, south-east to south-west winds 
and occasional rains su in latter by rising barometer 
and cooler north to east winds. In the Ohio valley and 
Lower Lake region rising barometer, cooler northerly to 
easterly Lepm. y cloudy or a oe Ps rain 
areas. e Upper Lake region rising followed by falling 
barometer, lower temperature than on Monday, northerly 
to easterly winds and clear or partly cloudy weather. In 
the upper Mississippi and Missouri falling barometer, 
except a tem: rise in former, winds veering to 
and southerly and aes ig weather, with lower 
temperature than on , in former, and with 
tem: and rain in latter. In the 

, warmer south-east to 
4 cloudiness and frequent 
thunderstorms, succeeded to-night by barometer, 
winds shifting to northerly, and decidedly er tempe- 


rature. i 

A grand scheme has also been organised for the 
exchange of observations with all the leading obser- 
vatories of Europe. This gives rise to the ‘* Bulletin 
of International logical Observations,” pub- 
lished by this department once a day. 

The observations are all taken precisely at the 
same instant. At Washington this is 7.35 a.m, 
mean time; at Lisbon, 0.6 p.m. ; Madrid, 0.28 p.m. ; 
Greenwich, 0.43 P.M.; Paris, 0.53 P.M.; Brussels, 
1.1 p.m. ; Utrecht, 1.4 p.m. ; Berne, 1.13 p.m, ; Chris- 
tiania, 1.26 p.m.; Copenhagen, 1.33 P.M.; Rome, 
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1.88 -p.ot,;) Berlin, 1.37 P.mi; Vienna, 1.49 P.M. ; 
Stockholm, 1.55-r.M.; Athens, 2.18 P.t, ; Constan- 
tinople, 2.39 p..; and St. Petersburg, 2.44 P.m. 
Observations from 57 British stations are forwarded 
to Washington by Mr, Robert H. Scott, director 
of the Meteorological Office, London, and. by 
Mr. Alexander Buchan, secretary of the Scottish 
Meteorological Society; the French series includes 
47 stations; the German, 21; the Italian, 25 ; the 
Russian, 26; the Canadian, 28; the Austrian, 13; 
the Algerian, 10; the Danish, 6 ; the Portuguese, 
4; the Swedish, 6;-the Turkish, 6; the Swiss, 2; 
the Netherlands, 4; the Spanish, 2 ; the Danish, 6; 
the Belgian, the Greek, and the Japanese, each 1. 

It must certainly be no small labour to collate all 
these data, and to.carry them through the press free 
from error. . The. rise, progress, and cessation of 
storms have also been carefully followed by means 
of this international series of observations, and maps 
have been pre showing the course of thé prin- 
cipal storms that have occurred, together with the 
amount of devastation that they caused. Each week 
the ‘“‘ Weather Chronicle” contains a brief summary 
of the past se’ennight, whilst a ‘‘ Record” ee 
the same intelligence for the month, These publi- 
cations are replete with information upon nearly all 
matters connected with meteorology. 

When the observations have extended over a 
longer period, and remote regions, which are now 
isolated, have been brought within the network of 
centralisation, there can be little doubt that the ob- 
scurity which still envelops some interesting questions 
will be dispelled, and that we may ultimately get at 
the very rationale of phenomena as yet but imper- 
fectly understood. 

The instruments used in this service are all made 
by James Green, of New York. The barometer is 
similar in every respect to Fortin’s standard; the 
maximum and minimum thermometers are con- 
structed on the type of Negretti and Zambra’s ; the 
hygroscope is Mason’s wet and dry bulb ; the tables 
employed have been prepared by Professor Guyot, 
of New Jersey. The anemometer is on Dr. Robin- 
son's system, with an improved electrical self-record- 
ing method devised by Lieutenant D. J. Gibbon. 
The rain gauge consists of a long copper tube, sur- 
mounted by a wide shallow pan whose capacity is 
ten times that of the tube. The amount of rainfall 
is determined by inserting a ruler into the tube, and 
reading off the depth of the rain. This number, 
divided by 10, gives the required quantity per square 
inch. The battery used is that patented by M. 
Eagle. The copper plate is immersed horizontally 
in a concentrated solution of copper —_ the 
zinc is uppermost, being separated from the negative 

late by a layer of poem bee saturated with moisture. 

his form of battery is weak, but very constant. 
On a closed circuit, it works satisfactorily for 
three months; in an open circuit, generally six 
months. 

This service is under the control of the War 
Department, and is liable to be called into the field 
in any emergency. For this purpose they are pro- 
vided with all the materials necessary for the trans- 
mission of telegraphic messages and other campaign 
work. The most important of those exhibited at 
the Centennial, are a post-signal tower erected in 
the grounds, 75 ft. high, a model of the same shown 
in the meteorological section, together with models 
of the “battery” wagon, the “wire” wagon, 
and the ‘‘lance” trucks. These lances or poles are 
2 in, in diameter and 15 ft. long. The service in the 
field is carried out in the following manner :—The 
surveyor takes the lead, and determines the direc. 
tion the line is to run. He is accompanied by a 
pinman, who inserts a pin wherever a lance is to be 
erected. Barmen follow and pre the holes for 
the lances, These are succeeded by a lance-truck 
controlled by two men, who throw out a lance 
wherever they meet a pin. The wire-wagon is the 
next in order, reeling out the galvanised wire, and 
with two men to prevent it from gett-ng entangled. 
The lance-men bring upthe rear ; — the wire 
to the insulators, raise the pole and fix it in position ; 
the line is then ready for the transmission of signals. 
Although such work is not required in time of peace, 
yet the men employed in this service are put through 
a course of training that will enable them to meet 
all the exigencies of actual field work, according to 
the dictum Si vis pacem, para belium. 

The chief signal office publishes a yearly report, 
which gives a good insight into the efficiency and 
working of the system. According to that of last 
year, the number of stations in telegraphic com- 
munication with Washington was 88; the number 





communicating by mail was 1] ; the number of 
stations that isssued printed bulletins without 
taking meteorogical observations was 3 ; the number 
of special river stations was 20. The object 
of the latter is to study the rise and fall of 
rivers, to foretell floods, &c. The number of 
stations in the West Indies was 7, and in British 
America 19, making a total of 148 stations communi- 
cating with Washington. 

The report further contains special notices of the 
work done at each station, the publications received 
during the year, and a list of volunteer observers. 
The most interesting of the tabulated results show 
the mean monthly and annual barometric pressures, 
the mean monthly and annual temperatures, the 
mean monthly and annual rainfall, the highest 
maximum and the lowest minimum for each day of 
the month, and the number of times the wind blew 
from each point of the compass. A considerable 
portion of the work is taken up with a series of 
papers on the tornado of March 20, 1875, which 
swept over Alabama, Georgia, North Carolina, 
and South Carolina. The volume concludes with 
an international chart of February 10, 1875, 
showing the isobaric and isothermal lines for the 
northern portion of the globe, the weather maps, 
reviews, &c. 

The text-books chiefly used in this department 
are “ Guyot’s Meteorological and Physical Tables,” 
‘** Loomes’ Meteorology,” ‘‘ Buchan’s Handbook,” 
and ‘* The Sailor’s Horn Book,” by H. Piddington, 
president of the Marine Courts, Calcutta. 








PATENTS.—No. XIII. 
NOTES FOR THE GUIDANCE OF INVENTORS. 
By W. Lioyp Wise, A.I.C.E, 
BELGIUM*—continued. 

Apphiontion for Patent — Procedure—Cost, §c.—The 
applicant for a patent of invention, importation, or 
improvement, must deliver a petition to the registrar 
of some provincial Government of the kingdom, or 
at the office of a commissary of a district situated 
without the chief town of the province. With the 
petition must be delivered under sealed cover : 

1. The specification of the invention. 

2. The drawings, models, or patterns required for 
the due comprehension of the specification. In 
practice, models and patterns are rarely, if ever, 
presented, it being usual to put in drawings. 

3. A duplicate of the specification and drawings 
certified to be true ; and 

4. A memorandum of the documents and articles 
deposited. 

here the application is presented by an agent, 
he must produce a power of attorney, signed by the 
applicant, duly stamped and registered. The de- 
posit of the documents mentioned above is only 
accepted on production of a receipt for 10 francs, 
the amount of the first year’s tax. That receipt 
must be given in with the other documents. 

All petitions are to be written on stamped paper ; 
they need not be in any special form, but they must 
mention the christian names, surname, profession, 
and real or elected domicile in the kingdom of the 
inventor or applicant. They must give a summary 
and precise title of the subject of the invention. 
Each petition must comprehend only one principal 
subject, with all the details belonging thereto, and 
particulars of the various applications of the inven- 
tion that may have been mentioned. 

In the case of a patent of importation, that is, a 
patent in respect of an invention previously patented 
elsewhere, the petition is to indicate the date and 
duration of the original patent and the country 
where it was granted. A petitioner who is only the 
assignee of the owner of the original patent, must 
prove his qualification by a formal declaration duly 
stamped and registered. 

All specifications must be written either in the 
French, Flemish, or German language. The French 
is mostly adopted. All specifications not written in 
French must be accompanied by a French transla- 
tion whenever the author of the discovery does not 
reside in Belgium. All ifications must be 
written without alterations, or one word being 
written over another ; all words struck out as being 
null and void must be counted and authenticated, 
the pages and references must be initialed. The 





* Correction.—In our first article on the Belgian Patent 
Laws, on 289 of our last volume, under “‘ Products,”’ 
&c., for ‘“‘South Brabant’”’ read ‘“ Brabant,”’ and as 
respects yield of coal, for ‘‘ European” read ‘‘ Continental.” 
For “St. Yvon’’ read “‘ St. Tron.”’ 





specification must in every case describe the inven- 
tion clearly and distinctly, and end by pointing ont 
correctly its chief characteristic features. 

All drawings must be in ink and to a metrical 


scale. They must re tas far as possible the 
plan, section, and vation of the ay or 
machine to be patented. Those parts of the draw- 


ings that characterise the invention more especially, 
may advantageously be tinted differently from the 
other parts. There isa rule that this shall be done, 
but the rule is not enforced in practice. 

All the documents must be dated and signed by 
the applicant or his mandatory, whose power of 
attorney remains annexed to the petition. An 
official declaration made by the registrar of the 
provincial government, or by the commissary of the 
district in which the application was filed, authenti- 
cates the delivery of every packet at the day and 
hour it took place. The invention is indicated 
thereon under the summary or true title, as stated 
by the applicant. These declarations contain the 
christian name and surname, profession, and re- 
sidence of the applicant or his mandatory. In cases 
of patents of importation, they likewise indicate the 
date and duration of the patent of invention in the 
original country and the name of the patentee. 
Finally, the payment of the first year’s tax is men- 
tioned. The declaration is in every case signed by 
the applicant and the official, and affixed to the 
cover of the packet containing the other documents 
of the application. A certificate stating the date 
and hour of the demand is delivered to the applicant 
gratuitously. The legal date of the invention is 
authenticated by the declaration. 

The offices of provincial registrars and commis. 
saries of districts are open to receive applications 
for patents every day, Sundays and holidays excepted, 
from 10 A.M, till 2P.M. In case of omissions or 
irregularities of form, the applicant is invited to 
make the required amendments. The date of such 
amendments is recorded in the special register kept 
at the Ministry of the Interior. Where the appli- 
cation is in regular form, the patent is delivered 
in about three weeks. 

Nature of Grant—Duration—Conditions—Cost of 
Maintenance, §c.—A decision of the Minister of the 
Interior authenticating the fulfilment of the pre- 
scribed formalities is delivered to the applicant and 
constitutes his patent. This document expressly 
states that the grant is made without previous ex- 
amination, at the risk of the petitioner, without any 
guarantee either as to the reality, novelty, or merit 
of the invention, or as to the correctness of the 
specification, and without prejudice to the rights of 
others, 

When the invention is patented first in Belgium 
the patent is called a patent of invention, and 
will last twenty years subject to due compliance 
with the provisions of the law, When the patent 
is in respect of an invention already patented 
abroad, it is called a patent of importation, and 
will last only as long as the original foreign 
patent; or, if there be several foreign patents, 
the Belgian may remain in force as long as the 
patent granted previously abroad for the longest 
term, provided always that in no case can a Belgian 
— remain in force more than twenty years. 

hen the patent is in respect of some addition to, 
or ut upon an invention already patented 
in Belgium, and is granted to the original patentee, 
it is called a patent of improvement; it expires 
with the original Belgian patent, and is not subject 
to any annual tax. Patents of importation and im- 
provement confer on their owners the same rights 
as patents of invention. 

elgian patents confer on the owners and their 
assigns the exclusive right of working the patent 
for themselves, or having it worked by parties whom 
they may authorise to that end, also the exclusive 
right of prosecuting before the tribunals all those 
who may infringe their rights, either by manufac- 
turing products or using means that are comprised 
in the patent, or by holding, selling, exhibiting fcr 
sale, or by importing into Belgium one or more 
counterfeit articles. 

The owner of a patent for improvements on an 
invention of which he is not the patentee, and the 
patent for which is still in force, cannot use such 
original invention without the consent of the pa- 
tentee or his assigns; and, on the other hand, the 
original patentee is not allowed to work the 
improvement without the consent of the owner of 
the new patent. 

Patents are subject to a progressive annual tax, 
payable in advance, and amounting to 20 francs for 
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the second year, 30 francs for the third year, 40|made.in Belgium within the time, and offered | already stated, be prosecuted before the tribunals, 


francs for the fourth year, 50 francs for the fifth 
year, and so on, till the twentieth year, for which 
the tax is 200 francs: No taxes :are returned by 
the authorities after having been once paid in. A 
month’s grace is allowed for payment of each 
annuity, without any fine, and an annuity may be 
paid within six months after it has become due, on 
payment of a fine of 10 francs, For each annuity 
a stamped receipt is given, It is not necessary to 
produce the Letters Patent on making the pay- 
ment. 

Patents become null and void in case of non-pay- 
ment of the tax within the prescribed time, or they 
may be annulled by the Government in the event of 
the owner failing to duly work the invention. 

The tribunals will declare a patent null and void: 

a. If the patent article is proved to have been 

-saused, executed, or worked by other parties in 
‘the kingdom for commercialpurposes,prior to 
the legal date, of .the..invention, importa- 


tion;0r improvement. 
J, Tfvtheypatenteeim.the specificati sonatas. te 


ly. 
_and correct draw~ 
+ article are proved. to 
haye been prior. to the date of the 
deposit in a-printed and published work or 
‘enuicedi , except when as regards patents.of; 
importation, sueh a. publication should haye 
rely been made aecording toa legal pre- 
scription. 

A patent of invention will be declared null and 
void by the tribunals in case the patent article 
should have been patented previously in Belgium 
or abroad. However, should the applicant ess 
the requisite qualifications his patent may, by the 
decision of a court of law, be maintained as a patent 
of importation. ‘These provisions apply also to pa- 
tents of improvement. Whenever a patent is made 
void by an executive judgment or decision, the 
patent is annulled by a royal decree. 

Working —Assignments—Licenses, 5c.—The owner 
of a patent must work the patent article in Belgium 
within one year from its having been worked in any 
other country. The Government may, by a royal 
decree published (together with the motives) in the 


Moniteur, before the expiration of that term, grant: 


a prolongation of one yearat most. The patent will 
also be liable, to annulment if. at. any time the 
patented article worked. abroad is.nolonger worked. 
in Belgium during; -owner of. the 
patent should Wa ma nwa his. inactivity. 
‘The word used. in. the. awe to- denote working is 
* exploiter,(hand:thege hes: been much een @ 
as to whahaieesin ity, compliance wi 
this requirement. It-has-been urged that.inasmuch 
as the law-doesmot prokibit..the:dmportation into, 
Belgium of articles made; ing toa 
Belgian patent, therefore rapins qomarag of such 
articles and their mere«gale.and. usesin Belgium 
should suffice to constitute thearorking (“‘ /a mise em 
exploitation”). 


for sale or set to work, and it should be made known 
that the licensee is prepared to construct other ma- 
chines to order, or that licenses to construct them 
may be obtained. 

vious working in another country which 
detérmines the delay for working a Belgian patent 
is a commercial working, :.¢., the selling a machine, 
if the invention be for a machine, or the manufac- 


for a process, Experimental working for the pur- 
pose of testing the invention would probably not be 
considered as the working required by law. As 
already stated, however, the Government is sole 
judge in such matters: Practice and attention to 
the different cases as»: -oceur must alone be 
relied upon to guide one: i inio! 
The effect of not 
if any one wishes to.u 
the Minister of , the, Interiorstating that 
tion has. been» worked at such a time and place 
abroad and not.in Belgium: within«the year, and 
praying that the patent Go eatvealiediaidibiaech a case 
minister refers to.the patentee-orshisattorney, 


upon. the evi depends ,thewdeeision. If no 
application by an interested: Pm pcr to the 
minister, the pune is not interfered with. 

The act of .condescension which the Sepertnity 
of obtaining a year’s extension of: wor. time 
| would seem to imply is practically of little value for 
the reason. stated below. 

To obtain the.extension of time:it is necessary 

send the petition to the Minister of the Interior two 
months at least. before.the expiration of the delay 
fixed by Article 23 of the Jaws [tis provided that 
such demands must beywelbfounded, andaust state 
the date when:the, it for working the inven- 
tion expires. Nows ly unadvisable to peti- 
tion for an extensiom-of time, because when doing 
SO, as just stated, it-is mecessary to state the day 
on which the invention..ought tobe worked. Then 
if the invention be a good one, and the petition be 
refused (which it may be, should the Chambers of 
Commerce, to which these matters are referred, 
consider it to the public interest to upset the patent), 
then on the day mentioned in the petition the patent 
might be annulled without any redress, as the in- 
ventor himself would have furnished the date now 
turned against himself. 

The owner of..a may assign the whole or 
any-portion. of. his interest-to.another or may grant 
licenses, and where a patent «is owned by two 
or-more grantees, anyone of them may grant a 


license. 

 Assignments:and.licenses may be made by deed 
and may contain all suitable covenants and reserva- 
tions., Licenses may»-be granted for the entire 
kingdom,. or-for«districts,.and for. the whole or a 
}portion of the termp.of)the patent, and either in 
»consideration of a lump.sum.or of a royalty in respect 
ofeach article made-or sold under .the patent, or 
otherwise, as, may be.agreed. ;;Al}:total or partial 
transfers-of patents: or, mutations must be notified 
to. the. Ministry of the Interior Themetification of 






But ag/@ matter of factgyth the} any other ,act: of. mui ust be ac- 
courts j the courseit has usually }companied by an authentiq-extract of the deed of 
adopted goes.te,show what is really required to: be} transfer or mutation. .»Alitransfers of)patents are 
that the manufacture should be actually carried.on| subjeet toa regi ‘bythe law at 


in Belgium. ~To»import:on 
articles made abroad-and 'to Belgium 
a proceeding that the Belgian. a 
with extreme jealousy, and several patents have 

annulled for that reason. The entire manufacture 
should in reality be practically carried out in Belgium, 
The mere fact of importing the patented articles into4 
Belgium, excepting a very limited number to serve 
as models, seems to be considered as quite contrary: 
to the spirit of the law, whilst a patentee manufac. 
turing his invention in Belgium, and even should he 
only be able to produce an inferior article as re 

quality and cheapness, would be held to have com- 
plied with the law, from his having manufactured in 
the country, and thus favoured the ‘ national in- 
dustry.” Any imitation or sham working is likely to 
be questioned. A patentee will do well to arrange 
with some manufacturer to take a license, and after 
supplying him with models or samples should get 
him to carry out the patented invention. If it be 


for a process, that process should be brought to bear 
in & manufacturing sense within the prescribed time, 
and the product should be sold or offered for sale in 
@ public manner, and it should be made known that 
the licensee is prepared to execute orders. If the 
patent be for a machine, such a machine should be 











seale| 10 francs, bu : 


¥ more are 
iof transfer has 


to. the.size of the paper 
upor which awnmup. . transfer is 
then notified, i Interior, who 
has it recorded. im-the-P: and published 
summarily in the» ++ ~Brévets d’Inven- 
tion.” 
mgeoremutations is 







ne forthe f eee but of 
the purchaser; Until sor mutation | 
been notified. 40.4 ministry ue grantee will be 
deemed the sole oun fthe patent and of all the 
rights conferred by it. 


Should he dispose of an interest under the patent 
to A, and subsequently convey a conflicting interest 
to B, and should the transfer to B be 
before the transfer to A, then B would be entitled to 
his rights as against A, but A would have his 
remedy as against the patentee. 

Infringement—Litigation.—Assuming a patent to 
be valid, parties manufacturing products, or using 
means that are comprised in the patent, or holding, 


selling, or exhibiting for sale, or importing 
‘i hing made. in. accordance with: the 
be infringers, and as such may, as 





abroad ,an 
patent, wi 


turing and selling the manufactured article if it be | fiscated 


to | in the 





mere. use of a ted invention the Govern. 
ment is not entitled to any special privileges. It 
stands in the same relation to the owner of the 
patent as does an ordinary consumer. If the i 
for in ing have acted wittingly the 

tribunals will order articles man’ ed con- 
trary to the patent, and the tools and implements 
docsted on behall ef ‘thn [poheuten, on han sapien 
ted on patentee, or 
or will award a sum equal to the price of the articles 
= _ have been sold, 

the parties prosecuted acted with good faith, 
the tribunals will caution them, under the above 
penalties, against using in a commercial interest the 
machines and manufacturing apparatus that are 
known to be. counterfeited, and against using for 
the same purpose their tools and utensils for makias 
those patent articles. In both cases damages may 
be awarded to the patentee or his assigns. 

The owners of _—— or their assigns may, after 
having obtained authorisation of the President 
of the Tribunal of First Instance, order one or 
more experts to make an inventory of the apparatus, 
machines, and articles said to be counterfeits. The 
president may, by the same order, enjoin the holders 
of those objects not to part with them, allow the 
patentee to put an officer in ion of them, or 
even to place the articles under seal. Such orders 
are to be served by an officer of the court. 

Petitions of complaints are to be accompanied by 
the patent, and must contain the el domicile 
i parish where the inventory is to be made, 
The experts elected by the president are sworn by 
him previous to entering upon their duties, The 

ident may order the Vy erm to put in security. 
that case the order of the president will only be 
delivered after good fs of such consignment 
having been aaade: e security is obligatory with 
foreigners. Patentees may be present at the inven- 
tory, if they have obtained a special authorisation 
from the President of the Tribunal. Should the 
doors be closed, or should the a be refused, 
the proceedings take place conformably to Art. 587 
of the Civit Law. A copy of the official inventory 
is left in the hands of the holder of the articles, 
If the inventory is not followed within a week by 
a summons to appear before the tribunal in whose 
district it has been made, the order issued loses its 
legal effect, and the holder of the articles inventoried 
may demand to have the original official report de- 
livered to him, and forbid yo prone to use its 
contents and to publish it, still reserving his right 


to damages. 

The tribunals should take cognisance of patent 
matters as sum’ and urgent business, When a 
patent is valuable it is very likely to be en and 
to lead to litigation, Litigation is very slow and 
troublesome, As com with law nses in 
England, it may not be thought very costly, but it is 
extremely slow, and the result depends in some 
measure upon the place where the trial takes place. 
At Liége the judges are opposed to patents, and ina 
case of infringement would probably lean towards 
the defendant (if he were guilty of infringement). In 
Brussels the courts are unbiassed, Ghent is impar- 
tial. It is not intended to insinuate that any of the 
judges are not sincere, but the atmosphere in which 
they move may have some influence upon their judg- 
ment, As a rule, patentees will do well to avoid 
going to law if possible, ' 








THE PENNSYLVANIA RAILROAD. 
No. V. 

Berore proceeding to a detailed description of 
the works, and fixed and ora of the 
Pennsylvania Railroad, we may glance row at 
some of the principal points of interest lying ong 
the route of its three main divisions—the Pennsy 
matey the New Jersey, and the Philadelphia and 

e 


1. The Pennsylvania Division.—This division which 
extends between en. and Pittsburgh, has 
its eastern terminus on ket and pater 0 
Streets in Philadelphia. This depét was fini 
early in May last, and replaced a small and incon- 
venient station occupying an adjacent site, but 
entirely unsuited for the large traffic to which it was 
subjected. The company owns besides a = 
freight depét in the tity, between which and 
terminus, lines are laid down on the street, and goods 
are transferred almost continuously day and night 
by means of mules, This line of rails.crosses the 
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Schuylkill by the Market Street Bridge, a wooden | of meer for Lancaster County, established by the 
structure, built within three weeks to replace a| Colonial Legislature in 1729, and was the first 
similar bridge burnt down in December, 1875. county formed after those originally created by 
The importance of the City of Philadelphia is} Penn. Lancaster City was laid out the following 
indicated by the fact that it was selected as the most | year, and 25 years later was a growing and flourish- 
appropriate in the Union in which to hold the Cen-| ing town of 2000 inhabitants. Like most of the 
ial Exhibition. It was indeed the best suited in| Pennsylvania cities, it was the scene of his- 

all respects for this distinction. Apart from its} torical events. It was here that Dr. Franklin 


im nee as a manufacturing city, it is rich in ao ee oi sea ~~ 


relics of the early days of the nation, and of monu- a 
ments that existed before the Independence. It 
possesses the finest 2 4 in the country, a small 
— of which m a magnificent site for the 
hibition. It is pre-eminently the city of dwellings, 
containing a greater number of houses in propor- 
tion to the population than any other city in the 
world. ‘The population of Philadelphia is about 
700,000, and the number of manufacturing estab- 
lishments is nearly 9000, giving employment to 
about 150,000 hands. Prominent among the in- 
dustries are iron manufactories of all classes, which, 
in 1875, amounted to 54,000,000 dols., and the cotton 
industries, which produced goods of the value of 
25,000,000 dols. As an indication of the growth 
of the city we may mention that the average number 
of new dwellings erected annually during the last 
eight years has on 5300. 
aving Philadelphia, the railway passes through 
a number of busy and populous suburbs till it 
reaches Bryn Maur, nine miles from the city, and 
which, occupying a very. advantageous and pic- 
turesque situation, has been improved by the Penn- 
sylvania Railroad Company into a favourite water- 
ing place and summer resort. In ENGINEERING, 
vol. xviii., page 144, we published drawings of the | 
Bryn Maur station, which is exceptionally commo- 
dious and well designed for an American railway. 
Villanova is the first station on the line in De- 
laware County, and isits chief town ; the county has | 
a Ow gyno of about 40,000 inhabitants, who are | 
chiefly engaged in agriculture. Eagle, 15 miles 
distant, is the first station in Chester County, which 
was one of the three counties originally established 
by Penn in 1682, and purchased from the Indians, 
together with a large amount of other territory, for 
100/., in 1683. These original owners of the soil 
settled near their old possessions, but rapidly de- 
clined in numbers, and became extinct in 1803. 
Chester is a rich agricultural as well as a mineral 
county, the latter including valuable iron deposits 
that have created considerable industries, building 
stones, and porcelain clays. Paoli (15 miles from 
Philadelphia), situated on one of the enclosing 
ridges of the Chester Valley, is an old settlement, 
and once celebrated in the annals of American 
history. It takes its name from the Corsican 
General Paoli, who, although he does not appear 
to have visited America, was greatly venerated by 
the colonists (then striving to throw off the weight 
of allegiance to this country) in consequence of his 
heroic efforts in attempting to release Corsica from 
the hands of the Genoese, Almost close to Paoli, 
General Anthony Wayne was born, so celebrated 
during the revolutionary war, and afterwards in | 
the Indian campaigns, then more serious than they | 
are now. Malvern (21 miles) is a junction station 
from which a branch runs off to West Chester, the 
capital of Chester County. Lime burning is the prin- 
cipal industry of Malvern, which occupies the sum- 
mit level of the Chester Valley ridge, the railroad | 
crossing it at 545 ft, above sea level. It was close | 
to Malvern that, on the 29tk of September, 1777, the 
incident known as the Paoli Massacre occurred. 
General Wayne was in command of about 1500 
men detached to harass the British troops, by 
whom he was surprised, overpowered, and forced to 
retreat with heavy losses, Part of a memorial, erected 
in 1817, marks this spot, and has been a standing 
protest against ‘‘ British barbarity ;” it is, however, 
rapidly disappearing beneath the hands of visitors to 
the spot, who take away with them samples of the 
monument. At Coatesville (38 miles) the railway 
crosses the Brandywine by a bridge 836 ft. long and 
73 ft. above the river, and then runs through a suc- 3 = 
cession of unimportant centres of agricultural and - Pa ee 
mineral industries, as far as Lancaster. Among the| superintended (1753) the equipment of the Brad- 
latter is a place called Kinzer’s, where are situated | dock <n against Fort Duquesne at the forks 
the only nickel mines yet worked in the United | of the Ohio, where Pittsburgh is located. This ex- 
States. ‘These mines give employment to about 100 | pedition, undertaken against the French forces and 
men, who are occu in extracting the ore, and pro-| their Indian allies, consisted of two regiments of 
ducing the matte, nearly the whole of which is| British troops, and about 1000 Virginian volunteers. 
shipped to Swansea. e yield is not large, the| After having crossed the Allegheny and penetrated 
value of the product annually being about 40,000 onal - then almost an unknown wilderness, they 
dollars. . : Lob ound themselves, in July, 1755, at a point which has 
Lancaster (69 miles from Philadelphia) is the seat ' since been known by the name of the commander, 




















and 344 miles distant from Philadelphia. When the 
little army was crossing the Monongahela at a ford, 
it was attacked by the allied forces, which, although 
numbering less then a thousand men (including 
600 Indians), routed Braddock and his men, killing 
700, and taking ion of all the artillery and 
stores of the expedition. Braddock was shot, pre- 
sumably by one of his own men. 


a 
VOR Sm 





CONESTOGA BRIDGE. 
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VALLEY CREEK BRIDGE. 


Lancaster can boast of having been the birthplace 
of many eminent men; Robert Fulton, James 
Buchanan, Thaddeus Stevens, and others. The 
manufactories of the city include six cotton mills, 
boiler and locomotive works, woollen mills, flour 
mills, and a number of small factories. Iron mines 
are worked in the vicinity of the city. The popu- 
lation is 20,000. 

Conewago Creek, which forms the boundary be- 
tween Lancaster and Dauphin counties, is crossed 
by the Pennsylvania Railroad with a high bridge. 
The scenery at this point of the line is very striking. 
Another extremely oe spot is that known 
as Chiques Rock. e railway follows the canal 
and Susquehanna, passing close beside the hills, 
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the base of which has been cut away to 
make room for the tracks. The spot shown 
in the engraving is the narrowest portion of 
the valley, which widens out considerabl 

as soon as the spur of the hills is pannel. 
Iron ore is mined extensively at Chiques, and 
there are there four furnaces and one rolling 
mill. At Marietta, a few miles further on 
the left bank of the Susquehanna, there is 
also an important iron industry, including 
six furnaces, rolling mills, and hardware 
factories. The lumber trade is moreover an 
extesive one. 

Harrisburg (105 miles from Philadelphia) 
is an important centre of manufacture, 
besides being the capital of the State of 
Pennsylvania. It is situated on the left 
bank of the Susquehanna. The town was 
founded in 1725 by an Englishman named 
Harris, when white settlements were extend- 
ing toa considerable distance along the banks 
of the Delaware and the Susquehanna, the 
centre of a hostile Indian territory. The 
settlement of the western portions of Penn- 
sylvania was one prolonged struggle for 
existence by the settlers against the Indians, 
and as the former were obliged to depend for 
their lives upon themselves, a system of 
defensive and offensive warfare was deve- 
loped which of course rapidly terminated 
in the extinction of the Indians and the 
peopling the whole of the fertile valleys of 
the State. Along the rivers from the Dela- 
ware to the Alleghenies, and on the western 
side of the mountains to the present site of 
Pittsburgh, a line of forts extended to 
protect the growing colonies. Some of them 
were destroyed by Indians as late as 1782. 
Harrisburg has had its share of the stirring 
events, military and political, of American 
history, and during the rebellion it was 
threatened by General Lee, who reached the 
right bank of the Susquehanna opposite the 
city. At present it is a great manufacturing 
and railway centre, being within easy access 
of the bituminous and anthracite coalfields, 


and of the iron ore deposits of Cumberland, Lebanon, 
and York counties. The population is over 23,000. 
Leaving the Susquehanna, the Pennsylvania 
follows the Juniata, which it crosses at 
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THE CHIQUES ROCK. 
123 miles from Philadelphia. This 
river, which has only a length of 100 miles from its 1 
source in tte Alleghenies to its point of union with | pege 4] of the present volume. By this means 





the Susquehanna, is remarkable for the 
channel which it has cut for itself, and which 
displays nearly the whole of the geological 
formation of Pennsylvania, The railway 
follows this stream, passing towns of more 
or less importance, till it reaches Peters- 
burg (209 miles), when it skirts for a con- 
siderable distance the Little Juniata. 
Between this point and Altoona (237 miles) 
there are no places calling for special notice. 
Altoona, however, is the most important 
point upon the railway. It has been entirely 
ewe by the railway company, who have 
established there the chief ‘shops for con- 
struction and repair of rolling stock and 
general plant. It is situated at the eastern 
base of the Alleghenies, at the height of 
1168 ft. above sea level. The town was 
located in 1849, when the Old Portage road 
with its inclined planes was still in use for 
crossing the mountains, The present popu- 
lation is about 10,000, all being entirely 
ee directly or indirectly upon the 
railroad company, which has been unceasing 
in its efforts to promote the well-being of 
the inhabitants. By its assistance banks, 
newspapers, schools, institutes, and libraries 
have been founded, and the town was in- 
corporated as a borough in 1854. The com- 
pany’s shops occupy 122 acres, and comprise 
facilities for construction and repair of 


rolling stock, foundries, a telegraph instru- 


ment factory, &c. A large amount of bridge- 
work is os here, and — all 4 
n or stations, signal-boxes, &c, 
ro mag besides the head-quarters of the 
executive staff, so far as motive power and 
general superintendence are concerned. Im- 
mediately on leaving Altoona the line begins 
to rise to the ascent of the mountain, climb- 
ing by a succession of heavy gradients and 
sharp curves, which testify to the skill of 
the engineers who laid out the road. After 
passing up the side of the hill for about 
six miles the valley separates, forming two 
chasms, and each of these is scaled b 


means of very heavy banks, forming together, wi 
the connecting sweep, the celebrated Horse Shoe 
Curve, an illustration of which we published on 
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the summit of the pass is reached at a point of over 
2000 ft, above the sea, a tunnel 3612 ft, long being 
driven at the highest point. 








LOCOMOTIVES AT THE PHILADELPHIA 
EXHIBITION.—No. VII. 

In the course of our former articles of the pre- 
sent series we have several times referred briefly to 
certain special constructive features of American loco- 
motives, at the same time promising to hereafter treat 
these matters more in detail. These promises we pro- 
pose to fulfil in the present article, the special de- 
tails we intend to describe being illustrated by the 
two- engraving which accompanies the present 
number, as well as by the further engravings on the 
present page and page 90. The details illustrated, 
we should add, are those of locomotives exhibited at 
Philadelphia by Messrs, Burnham, Parry, Williams, 
and Co., of the Baldwin Locomotive Works, Phi- 
ladelphia, to whom we. are indebted for working 
drawings. 

Fig. | of our two-page engraving shows part of 
the framing of the ger locomotive for the 
Central Rai of New Jersey, of which we gave 
engravings in our number of August 4th last (vide 
pages 98, 99, and 104 of our last volume). This is 
an engine with 17 in. cylinders, 22 in. stroke, and 
two pairs of coupled wheels 5 ft. 2 in. in diameter. 
The leading end is carried on a four-wheeled swing 
beam truck, The views given in Fig. 1 of this week’s 
two-page engraving show the hinder portion of the 
frame, including the horns—or “ frame legs” as 
they are called in America—for the driving and 
trailing axle boxes. 

From these views it will be seen that the main 
frame between the coupled axles consists of an 
upper bar 3} in. deep by 3} in. wide and a lower 
bar 2 in. by 3}in., the depth over the two bars 
being 24 in, and the bars being forged solid with 
the horns. Above the axle-boxes the top bar is 
strengthened by having its depth increased to Ps 
in. At the rear end the two frames are connec 
by a pair of flat bars 6 in. apart vertically, the end 
ad the frame being to receive these bars 
asshown, The front part of each frame leading to 
the cylinders consists of a single bar 3} in. wide 
by 3} deep, and the manner in which it is bolted 
and joggled to the hind portion is clearly shown in 
our engraving. The weight is transmitted to the 
hind portion of the frame by brackets at the side of 
the firebox, which rest on the;top bar before and be- 
hind the fulcrum of the compensating beam. This 
compensating beam, it will be noticed, does not work 
upon a pin as is usual in English practice, but is 
trave by the fulcrum bracket as shown, and has 
its upper side bearing inst a fulcrum pin. The 
connexion of the spring links with the springs and 
compensating beam is similarly arranged. 

The axle-box guides are fitted with adjusting 
wedges, and the horn stays are recessed so as to 

ip the bottoms of the horns as shown. The axle- 

xes are of cast iron and the keeps—or what our 
American friends call the ‘ oil cellars”—are held in 
place by pins which traverse the axle-box flanges so 
that they can be withdrawn while the box is in 
place—a very good plan, The left-hand end of Fig. | 
and the cross section Fig. 4 show the arrangement 
of the weigh bar (which is fitted with a coiled sprin 
in —- of a counterweight) and of the rocking t 
and levers through which motion is communicated 
to the valve spindle. 

Figs. 2, 3, and 5 of our two-page engraving show 
the leading end of the frame of the goods locomotive 
for the Dom Pedro II. Railway of Brazil, of which 
we gave a two-page engraving and particulars in 
our number of August 25th last. This engine has 
six coupled wheels, the leading end being supported 
by a ‘pony truck” with a single pair of wheels 
placed in front of the cylinders. In this case the 
** pony truck” is of the Bissell type, and the views 
now given clearly explain its constriction. It will 
be seen that the truck is made without the inclined 
planes generally used in connexion with the Bissell 
track in this country ; but instead, the two bars or 
crose stays which connect the hornplates are coupled 
by inclined links (see Fig. 2) to arms bolted from 
the casting which bears against the lower end of 
the bogie pin. This bogie pin is hollow and 
up through a guide which is bolted to a pair of light 
transverse stays, which connect the main frame at 
this point, These transverse stays, however, it will 
be noticed, do not transmit any load to the bogie, 
but merely act as guides for the centre pin. ‘Lhe 
manner in which the weight is transmitted to the 





The front ends of the springs 
belonging to the leading pair of coupled wheels are 
connected by links to the ends of a transverse beam, 
the centre of this beam being connected by another 
link to the hind end of a longitudinally placed 
compensating beam, which has its fulcrum beneath 
the smokebox, as shown in Fig. 3. The front end 
of this compensating beam is in its turn connected 
to a link which passes up through the hollow bogie 
pin, and is furnished at the upper end with a nut and 
washer bearing upon an india-rubber ring, which in 
its turn bears upon the end of the bogie pin. Fig.3 
also shows the manner in which the maiu frames are 
secured to the cylinders, but with this point we shall 
have to deal later on when describing some other 
views. 

Figs. 6 and 7 show. a form of regulator largely 
used in American locomotives, this regulator having 
a valve of the double beat equilibrium type lifted by 
means of a bell-crank lever. The rod connecting the 
lever to the valve is a loose fit in the latter, as shown, 
so that the valve may adjust itself to its seat. The 
valve is situated in the steam dome, and the cast- 
iron steam pipe to which it is fitted has its parts 
connected by the spherical joints, to which we have 
referred in previous articles. We ourselves have an 
objection to placing regulator valves in the boiler 
where they can only be got at by breaking a large 
joint, and where, moreover, they necessitate all in- 


bogie is as follows: 












































apart by the arrangement of levers shown. The 
manner in which the levers are actuated and the 
connexion of the adjustable nozzle with the cylinders 
is shown by Fig. 16 on page 90. 

The great length of the fireboxes required on 
American go sper for burning anthracite coal, 
re the use of girder roof stays placed longi- 

pally almost an im: y, and, as our readers 

are aware, many of the crowns of such fireboxes are 
atayed directly to the firebox casing. In other in- 
stances, however, transverse girder stays are em- 
ed, the form of such sta) dengeslly adopted 

ing that shown by Figs. 14 and 15 subjoined. 
These stays.are each made of two plates rivetted to- 


gether a distance piece at the end, and the 
only noticeable point about them is that the distance 
ieces in ad between them and the crown of 


box; as well as the bearing pieces at the ends, 
are of cast-iron. It will be observed that, as shown 
in Fig. 14, the side plate of the firebox is not trimmed 
off to the ordinary lap for caulking, but is carried up 
until its upper edge is level with the crown plate, 
this edge thus affording a flat bearing for the end 
bearing pieces of the stays. In Figs, 14 and 15 the 
girder stays are shown supported by sling stays, but 
the use of sling stays is, on account of the unequal 
strains they bring upon the boiler, being abandoned 
on the Pennsylvania and other American railroads, 
and with very satisfactory results. 
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ternal joints of the steam pipe being made steam- 
tight. On the other hand if placed in the smoke-box, 
they are readily accessible, while the steam-pipes 
inside the boiler being always filled with steam there 
is no necessity for special care in making the joints, 

The regulator valve, of which we have just been 
speaking, gives a large area of steam way, and 
requires careful opening, and to facilitate this the 
arrangement of handle, shown by Figs. 8, 9, and 10 
of our two-page engraving, is employed. This 
handle is connected at one end to a hinged link 
(Fig. 10) forming the fulcrum, and at an inter- 
mediate point is connected to the rod of the regu- 
lator valve, this rod being a wrought-iron tube 1} in. 
in diameter. To the end of this rod is fixed a 
toothed quadrant of 6in. radius, this quadrant 
gearing into a kind of half pinion which turns on a 
centre on the regulator handle. This half pinion is of 
ly in. radius, and has 18 teeth, while the other half 
is of 2, in. radius, and has 35 teeth. Into the teeth 
of this latter half the sliding catch with which 
the lever is provided, as shown in Fig.8. On 
reference to that figure it will be seen that the effect 
of the arrangement is to multiply the movement of 
the teeth of the larger part of the pinion past the 
catch, and thus to obtain the effect of very fine 
teeth or notches with which the catch can engage. 
The movement of the lever, and consequently the 
opening of the valve, can thus be adjusted with great 
nicety. 

Figs. 11, 12, and 13 of our two-page engravin 
show the construction of the adjustable Sohone 
nozzle for the locomotive for the Dom Pedro II. 
Railway already mentioned, this arrangement being 
frequently employed in America. As will be seen 
from our illustrations the mode of adjustment is 
practically the same as that largely used on the 
Continent, the size of the orifice being controlled by 

ged pieces or flaps, the upper ends of 


Our illustrations on 90, Figs. 16, 17, and 
18, show the cylinders of the locomotive for the 
Dom Pedro II. Railway, to which reference has 
already been made, Thisline is of 5 ft. 3in. gauge, 
and the cylinders, which are 18 in. in diameter and 
24 in. stroke, are spaced 7 ft. 1 in. apart from centre 
to centre. The arrangement of the cylinders is that 
almost universally adopted on American locomotives, 
the valve chests being at the top and the valves 
being worked through rocking shafts, Each cy- 
linder is cast in one piece with its portion of the 
steam and exhaust pipes, the branches from each 
cylinder containing these meeting at the centre of 

e engine, and being there bolted together as shown. 
By some makers the casting below the smokebox 
containing the steam and-exhaust pipes, is cast inde- 
pendently of the cylinders, and is called a ‘ bed 
casting.” The cylinders, it will be noticed, are 
designed so that one pattern can be used for either 
side of the engine, there being no rights or lefts. 
The upper bar of the main frame lies in a recess 
formed on the cylinder casting to receive it, as shown 
in Fig. 16, while below the cylinder is bolted another 
bar or brace, which extends to the leading axle-box 
guides or “ frame leg,” as shown in Fig. 3 of our 
two-page engraving. This brace has jaws formed 
on its upper side, and keys are inserted between 
these jaws and the ends of the cylinder casting. 

The cylinders have loose covers at both ends, and 
the valve chest of each cylinder is a separate casting 
secured by the same bolts which hold the valve 
chest cover. The joints between the valve chest 
and cover and valve chest and cylinder are made by 
rings of round copper wire, as shown in the sections 
Figs. 16 and 17. This plan of casting the valve 
chests separate has the disadvadvantage of int:o- 
ducing an additional joint on each cylinder, but on 
the other hand it renders the valve faces very 





accessible, It will be seen that the steam on enter- 


a pair of hin 
which can be moved closer together or further | ing the cylinder casting splits and passes down on 
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each side of the exhaust pipe, eventually rising 

in and entering the valve chest through two 
ports, each 16 in. by 1} in. situated one at each end 
of the valve face. This arrangement is convenient, 
but it is open to the objection that it brings a large 
area of steam heated surface in contact with the 
exhaust steam. The dimensions of the steam and 
exhaust ports, &c., are given in our illustrations, 
and we may add that the slide valves, which are of 
cast iron, have }in. of outside and J, in. of inside 
lap, and 5§ in. travel in full gear. ‘The section of 
smokebox in Fig. 16 also shows the cast-iron. steam 
pipes to which we have adverted in former articles, 
and also the loose rings—flat on one side and coned 
or spherical on the other—used in jointing these pipes 
to the cylinders and the T-piece on the smokebox 
tube-plate respectively. 
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The Elements of Graphic Statics. By Karu von Ort. 
Translated from the German by Gztoraz SYDENHAM 
CxuaRKE, R.E. London and New York: E. and F. N. 
Spon. [Price 5s. ] 

As the instructor in mechanical drawing at the Royal 
Indian Engineering College at Cooper’s Hill, 
Lieutenant Clarke has no doubt experienced the 
want, frequently felt elsewhere, of a convenient 
elementary treatise on the solution of problems in 
statics by graphical methods, and hence probably 
his translation of Karl von Ott’s text-book. The 
work is one which has attained considerable popu- 
larity in Germany, where it has passed through 
three editions, and we are glad to see its reproduc- 
tion in English. The translator has—and we think 
wisely—omitted that portion of the German treatise 
relating to graphic arithmetic, but he has in the 
remainder of the volume adhered to the original as 
closely as possible, introducing, however, here and 
there explanatory notes when these seemed to be re- 
quired, 

The work is divided into three parts, of which the 
first deals with the composition of forces, the 
determination of strains on a simple beam, the reso- 
lution of forces, and interior forces or stresses. 
Part II. treats of braced structures, stress diagrams 
for various forms of trusses, braced beams with 
travelling loads, and the construction of the line of 
resistance of an arch; while Part III. is devoted to 
the elements of the theory of the strength of ma- 
terials, and contains data for practical use. All 
these matters are dealt with in a clear and succinct 
style, and the work is altogether one calculated to be 
of much service to the student of graphic statics, 
The book, we may add, has been well got up by 
the publishers, and is of a convenient size for re- 
ference. 








A Short History of Natwral Science and of the Progress 
of Discovery from the Time of the Greeks to the Present 
Day. For the Use of Schools and Young Persons. By 
ARABELLA B. BuckiEy. With Illustrations. London: 
John Murray. [Price 9s.] : 

The compact little volume before us is modestly 
stated upon its title page to be “for the use of 
schools and young persons ;” but itis one which will 
we think be very widely appreciated by many to 
whom school days are things of the past. ‘The book, 
in fact, supplies a want, and it is, so far as we know, 
the only work of its kind yet published. The task 
which the authoress has undertaken is one of very 
considerable difficulty, and one which can only have 
been performed so well by the exercise of a remark- 
able amount of industry and patient research. 

The authoress divides her book into three parts, 
the first dealing with the science of the Greeks, the 
second with the science of the Middle Ages, and the 
third with the use and progress of modern science. 
lt is not our intention to review in detail the con- 
tents of Miss Buckley’s book, for the vast variety of 
subjects dealt with would render it impossible to do 
this within a moderate space; but we may say that 
not only has the authoress managed to give admirabl 
concise information regarding the progress of eac 
branch of natural science, but she has contrived so 
to combine ‘the whole as to form a book which is 
thoroughly readable, and which deserves to be 
widely read. 


Plumbing, a Text-Book to the Practice of the Art or Craft 
of the Plumber : with Supp ry Chapters on House 
Drainage, Embodying the latest Improvements. B 
WILLIAM Paton Bucuan. With about a Hun a 


Illustrations. London: Crosby, and 
[Price 3s. 6d.] 
Mr. Buchan’s text-book is founded on a series of 
articles upon plumbing which appeared in The 








Building News some time ago, the articles, however, 
having undergone material modification and ex- 
tension. The author is evidently well acquainted 
with the subject, and he has made his little manual 
a thoroughly practical one, useful not only to the 
apprentice plumber, for whose benefit it appears to 
have been especially prepared, but also to all who 
are interested in having plumbing work done 
—- class which pa nearly every house- 
older. 
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THE COMBUSTION OF VEGETABLE 
REFUSE. 


THE eighth ordinary meeting of the Institution of Civil 
Engineers for the session of 1876-77 was held on Tuesday 
evening, the 30th of January, Mr. George Robert Stephen- 
son, President, in the chair. The paper read was ‘‘ On the 
Combustion of Refuse Vegetable Substances for Raising 
Steam,’ by Mr. John Head, Assoc. Inst. C.E. 

Hitherto there had been no opportunity of testing the 
value of such materials as straw, reeds, cotton stalks, 
brushwood, megass, &c., as fuel for steam boilers, from 
preconceived notions in favour of coal and wood, the use 
and efficiency of which were well known. But, in Hun- 
gary and South Russia, India, Egypt, the west and south 
of Italy, South America, and New Zealand, where coal 
and wood were scarce, the only way in which steam could 
be applied was by the employment of refuse vegetable pro- 


ducts. 

In 1872 experiments were made by the author and the 
late Mr. Schemioth, a Russian engineer, with a locomotive 
boiler adapted to a portable engine, in order to perfect the 
combustion of straw and other refuse. It was decided to 
inject the fuel automatically into the furnace, by an — 
ratus not unlike the feed motion of achaffcutter. The che- 
mical composition of various materials, in their ordinary 
air-dried condition, having been stated, the average pro- 
portion of calorific effect found in practice to exist between 
coal and other products, when used as fuel, was shown by 
the following figures : thus, 11b. of good coal, or 2 lb. of 
dry peat, or 24 lb. of dry wood, or 2} to 3 lb. cotton stalks, 
brushwood, or megass, or 3} lb. to 3¢ lb. of wheaten or 
barley straw, would evaporate 8 lb. of water in an ordinary 
tubular boiler. From calculations it appeared, that in 
England it would be five times as costly to use straw as to 
use coal under steam boilers. But these figures were ma- 
terially altered in the countries named, where the cost of 
coal would be three and a half times as much as that of 
straw. Taking an agricultural engine of 12 effective horse 
power, and the consumption of straw at 20Ib. per horse 
power per hour, the produce of straw per acre would 
enable the engine to work from 12 to 18 hours. 

A description followed of some of the earlier means by 
which straw had been burnt under steam boilers ; as in 
ae, by an adaptation hy brick yee? = a pit to - 
boiler of an ordinary portable engine, in an 
in Wallachia, where a modification of that qian aed 








a shallower pit being used. In one of the most recent 
engines, which was capable of burning almost every de- 
scription of fuel, the fuel was forced, by a continuous me- 
chanical feed, into the furnace, in a thin stream in the form 
of afan. The fresh fuel was practically held in suspension 
for a short time, which allowed the separate stalks to be- 
come immersed in the flames. The lo jieces of straw, 
reeds, or brushwood, had the effect of stirring up the half- 
burnt material in the furnace, and of keeping the whole in 
motion, besides permitting a free ingress of air. The ap- 
paratus, designed for feeding the refuse into the firebox, 
consisted of a pair of serrated rollers, which in the case of 
engines of from 6 horse power to 20 horse power, were 
about 5 in. in diameter, and 18 in. long, placed at a mini- 
mum distance of } in. pure ;. but the upper roller was 
capable of rising, so that the distance between the rollers 
could be increased to 1} in. The under roller was set in 
motion by a strap from the crankshaft of the engine, and 
both rollers, being connected by wheels with long teeth, 
made about 45 revolutions per minute: when the engine 
was getting up steam, the lower roller was ternal br 
hand with an o: crank. The rollers were set ina 
cast-iron frame, fixed to the ‘boiler by a hinge. To the 
front of this frame was attached a trough for holding the 
supply of vegetable fuel. To test the practical value of 
the apparatus, and to arrive at the best proportions of 
heating surface and the best position for the automatic 
fee arrangement, three engines, each of about 10 no- 
minal horse power, were constructed by Messrs. Ransomes, 
Sims, and Head. Thus it had been determined that, whereas 
for coal the areas of the grate, the firebox, and the tube sur- 
faces were 0.62 square foot, 2.8 and 15.24 sq. ft. respectively 
pernominal horse power, those dimensions were for vegetable 
products, 0.93 square foot, 4.3 and 21.82 square feet per no- 
minal horse power. Also that tubes 2} in. in diameter gave 
better results in the consumption of vegetable refuse 
tubes 2} in. or 3in. in diameter, the size usually employed in 
the boilers of portable engines adapted for . It was next 
ascertained that when the fuel was injected into the fire at 
5in. or Gin. from the top of the grate bars, the greatest 
economy was obtained, there being a more rapid combus- 
tion with less smoke than in any other position. The com- 
bustion could be maintained with vegetable refuse contain- 
ing more than the natural amount of moisture, by forcing 
the fuel into the hottest part of the fire, and by supplying 
it alternately on the right and left hand sides of the firebox, 
so that the fire on one side was always clear and bright. 
To prevent the deposit of silica and slag on the grate bars, 
the most efficacious system had been proved to be the use, 
underneath the grate bars, of a sliding rake with five or 
six teeth, according to the width of the firebox ; the top of 
the teeth projecting about 2in. above the bars. When the 
tubes were furred, a steam jet consisting of a wrought-iron 
ipe with a brass rose at one end, was inserted through the 

p in the front of the boiler, and the whole of the silicious 
deposit was blown vay the tubes into the smoke-box. 
In an ccommenty es table the author gave the proportions 
and weights of rent portable engines, varying from 4 
to 20 nominal horse power, constructed on the system de- 
scribed, and fitted with a single slide valve, a single feed 
pump, and a branch pipe from the exhaust for heating the 

eed water. 

Modifications of the apparatus for burning cotton stalks 
had been applied to a tubular boiler, constructed by Messrs. 
J. and H. Gwynne, for supplying steam to a 12 nominal 
horse power pumping engine in Egypt; also, for burning 
megass, or sugar-cane refuse, in the furnace of one of the 
tubular boilers of His Highness the Khedive’s sugar-mills 
in Egypt, constructed by Messrs. Hastons and Anderson. 
The automatic magma apparatus had likewise been adapted 
by Messrs. John Fowler and Co. to their steam slong 


engines, supplemented by a means for supplying vegetable 
fuel with a fork by hand, through an Pans : fn the fire- 
box, fitted with a ce door, which closed immediatel 


the fuel was inserted. The heating surface was muc 

in these straw-burning than in coal- ing engines, 
while other alterations been made: thus, the large 
driving wheels were in the forward part of the engine. 
under the centre of the boiler; the winding drum was 
under the smoke-box, in front of the driving wheels ; the 
steering wheels were attached to a wrought-iron frame ex- 
tending behind the firebox. This frame, besides carrying 
the hind axle, served as the sides of the trough for holding 


the straw to be passed by the rollers into the furnace. The 
apparatus was driven by a pitched chain from the crank- 
shaft. In Russia, during the year 1876, two of these 


engines, when ploughing 10 in. deep, had consumed, on an 
average, about 6 cwt. of straw per acre. The mean pro- 
duce was about 27501b. per acre; dividing that quantity 
by 6721b.—the consumption in ploughing 1 acre—it was 
found that 4.09 acres could be cultivated with the refuse 
straw produced by 1 acre. Comparing this result with 
the steam plough trials at Wolverhampton in 1871, it 


would appear thgt 1 Jb. of coal was equivalent to 4.17 lb. of 
straw. 
The difficulty of obtaining reliable information as to the 
 ansamg ak of other Gower pe | ines, which had 
brought out both in England and in the United States, 
ted a general notice of all the various inventions 
being included in the paper. In conclusion, the belief 
was expressed that as the demand for mechanical appliances 
increased, so would the difficulties of obtaining the ‘‘ best’’ 
i in rural districts. It 


qualities of fuel for steam boilers in 
was thought, therefore, that the only method of render- 


ing the use of steam power ly for 
i engine 


of every kind. 





Tur Erte CANAL-—In the year —i ber 30, 
1876, the Erie Canal yielded a profit of 955 dols.—that 
is, the traffic receipts exceeded the working expenses by that 





amount, 
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CYLINDERS FOR LOCOMOTIVE FOR THE DOM PEDRO II. RAILWAY (5 Fr. 3 In, Gaues). 
CONSTRUCTED BY THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA. 
(For Description, see Page 88.) 
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PREVENTION OF Eprpemic DiseasEes.—Last week an 
influential deputation of the Society of Medical Officers of | 
Health waited t upon the President of the Local Government | 
Board to lay before him certain resolutions which had been | 
=| unanimously, at a recent meeting of the society. | 

. Buchanan submitted the resolutions, which were—that | 
whenever a case of infectious disease occurred in any house 
or vessel, it should be the duty of the person in charge of the 
house or vessel, or the person inc of the case, to report 
the fact to the sanitary authority without delay, and that it 
should be the duty of every ical practitioner in attend- 
ance upon any such case to give immediate information 
respecting its nature to the occupier or other person re- 
sponsible for rting it to the sanitary authority. Lastly 
it was urged that the generally unsatisfactory nature of 
the present legislative provisions for preventing the extension 
of infectious disease required further inquiry to the subject. | 
The President, in reply, said that much improvement had 
arisen from recent legislation in respect to sanitary matters, 
and he was glad that public opinion was more alive to the | 
situation. Already some of the points by the deputa- 
tion had eesemne the oubject of & private ill, as in the case 
of the Huddersfield Improvement Act. The President 
remarked, , that it was impossible in the nature of 
an infectious disease, that its existance could long be con- | 
cealed. He doubted the expediency of imposing such 
conditions on medical men as the resolutions suggested, 
and he also objected to ing the householder responsible 
for communicating the fact of the existence of disease to 
the authorities; he should, however, on a favourable 


A appa Ane epee make some modifications of the | 
1875 Act, which was not a final measure. 


eee | 
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TWIN-SCREW LAUNCH ENGINES AND BOILER. 


CONSTRUCTED BY MESSRS. ALEXANDER WILSON AND CO., ENGINEERS, LONDON. 





THE engine of which we annex an illustration has been 
constructed by Messrs. Alex. Wilson and Co., of Vauxhall 
Iron Works, London, for a launch 65 ft. long by 12 ft. 
beam, with a light-load draught of 2} ft., to be used on 
one of the West African rivers, where shallows and rapids 
abound. The boiler is of the locomotive type, having the 
barrel flush with the firebox, and being constructed to 
burn wood has the large grate area of 21 square feet. 
The engines are arranged on each side of the firebox, and 
though attached to it at the bottom are left free at the 
top for the expansion of the boiler when hot, the strain 
being taken by the wrought-iron framework of the 
engines themselves, which consists of four turned 
stanchions to which are keyed the wrought-iron guide 
bars. The latter are forged in pairs, and have flat 
wearing surfaces. The other details of the engine are 
of the usual types, as will be seen from our engravings, 
and call for no other remark than that the whole has 
been designed with a view to economy of material with- 
out losing sight of strength and durability, which are 
matters of importance in a part of the world where en- 
gineers’ shops are not yet organised. 

Each engine has two cylinders 74 in. in diameter and 
8 in. stroke, driving propellers 3 ft. 3 in. in diameter 
44 ft. pitch, and making 300 revolutions per minute, the 
speed of the boat having been 10 knots. The slip on the 
light draught was excessive, owing to the propellers 
being as much as 9in. out of the water, but when they 
were fully immersed on the deep-load draught of 3} ft. 
this slip was reduced to the usual percentage, the speed 
of the boat being the same with a reduced number of 
revolutions of the engines. Three-bladed Hirsch screws 
were employed, which on trial were found to give a much 
less slip than those with a true pitch, though when fully 
Immersed the difference was not so great, and the power 
required to attain a given speed was almost identical. 

Messrs. Wilson and Co., in addition to their standard 
type of screw engines which are independent of the 
boiler, are now constructing a novel type of paddle engine 
for very light draught boats, which has the merit of being 
complete in itself, so that it requires scarcely any fixing, 
= can be lifted into the boat almost with the steam 

















FARADAY’S 


mr 





Iv our article on the Loan Collection of Scientific Ap- 
paratus at South Kensington, on page 61 ante, we gave 
a description of Faraday’s astatic galvanometer. We 
annex the illustration which ought to have accompanied 
this description, and which was accidentally replaced by 
an engraving of Thomson’s quadrant electrometer. 





a AUSTRALIAN a He: party of members of the 
ustralian Legislature have making a voyage 
of inspection to the various ports of South Australia, 
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ASTATIC GALVANOMETER. 


Dupiicatine CaBLEs.—It a that in the course of 
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TASMANIAN IRON ORE-—An assay has been made by Mr. 
W.L. Jenkin, smelting engineer to the Mount Bischoff Com- 


found on the southern 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, by reer ( 

The Yorkshire Railway Wagon Company (Limited.)— 
The annual report of the directors of this company states 
that the number of wagons now at work is 8463, and a 
number of contracts for new ones are in course of comple- 
tion. There are also 37 locomotive engines and eighteen rail- 
way i . The balance of profit amounts to 54581., 
out of which the directors recommend a dividend at the 
rate of 10 per cent. per annum free of income tax. 


Railway Accommodation at Swinton.—Itis stated that 
very extensive alterations and extensions of the existin 
railway accommodation is about to be made by the Midlan 
Company at Swinton, which is already a busy place, and 
will me still more so as soon as the Swinton and Knot- 
tingley line becomes available for traffic. 


Water Supply of Mexborough.—After discussions and 
pectin eaenes over a period of about three years, the 
Local rd of Mexborough has at last senaboed to allow 
Mr. Tomlinson, C.E., to form a private company to supply 
the township, the Board reserving the right to purchase the 
whole of the works at any time at a premium of ten per 
cent. on the outlay. 


Trial of a Steam Engine on the Shefield Tramways.— 
Last week the steam engine of Mr. Hughes, Loughborough, 
was tried on the Shefficld tramways between the town and 
Carbrook, in the presence of a large number of scientific 
and other spectators. The engine used was of 20 horse 
power, with two 7-in. cylinders and 12-in. stroke. In work- 
ing trim it weighed 6 tons, but minus water and fuel about 
4 tons 15 ewt. The waste steam is condensed by water, of 
which the engine carries a sufficiency to last one hour. The 
distance run in the experiments was about three miles, the 
steepest gradient being about 1 in 28. At this point there 
was a little hitch, but Mr. Hughes attributes it to a 
‘*rattening’’ attempt, inasmuch as he says the rails had 
Leen maliciously lathered with soft soap, so as to militate 
against the success of the experiments! Taken altogether 
the trial was fairly satisfactory, and it is unders that 
the directors are taking the necessary steps for obtaining 
es to enable these or some other engines to be used on 
their lines. 








NOTES FROM THE SOUTH-WEST. 
Bristol and South Wales Railway Wagon Company.— 
The directors of this company have decided to recommend a 
dividend at the rate of 10 per cent. per annum with a bonus 
of 2 per cent. per annum. 


Trade at Merthyr.—But little change has taken place in 
the trade prospects of the Merthyr district. The coal trade 
is represented as being pretty brisk, and colliers are fairly 
emploved. During the past week, some delegates have been 
holding meetings of colliers in various parts of the district, 
with the view of inducing the men to go to North Wales to 
work on a new colliery. What success they have met with 
has not yet appeared. With respect to the iron trade, affairs 
at Dowlais are moving on with considerable briskness, and 
it is said that sufficient orders are on hand to keep the works 
employed for a considerable time to come. 


Trade at Aberdare.—There is little change to notify in 
regard to the coal trade of this valley. The various pits 
have been kept going pretty steadily, and have turned out 
a considerable quantity of coal. At Mountain Ash, both 
at Messrs. Nixon and Co.’s collieries, and at the Powell 
Duffryn collieries, there has been a marked improvement 
during the last week or two. It is the intention of the 
Powell Duffryn Company to sink a new pit above their 
present Cwmpennar pit ; in fact, preparations in the shape 
of tramways, &c., have been begun already, and it is ex- 
pected that sinking operations will commence in the spring. 


Brynmawr.— During the past week, no material change 
has occurred in the condition of trade in this district. 
Much interest is felt in the progress of a negotiation for 
the leasing of the Nantyglo deep pits and the Waunayon 
slope to Messrs. Barnes and Morgan, Coalbrook Vale. The 
lease will be signed next week probably, and it is not un- 
likely that the proprietors will commence operations a few 
days afterwards. Mr. Price, of Cardiff, is the valuer 
employed. It is stated that at Coalbrook Vale coal 
cannot be got fast enough to supply customers, and it is 
further ramoured that other portiens of the works of the 
7? Company will before loag be leased out. In- 
cre briskness is the cheerful intelligence from Rhymney 
and Tredegar. The Blaenavon Steel Works and the Ebbw 
Vale Steel Works are also tolerably busy. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good attendance on ’Change at Middlesbr>u; There was 
a little inquiry for pig iron, but next to nothing in the way 
of business was done, and the market finished rather 
weaker after prices had been quoted on the basis of No. 3 
Cleveland pig selling at 45s. per ton. Stocks are , but 
makers are firm in their belief that the time is not distant 
when they will be able to sell at an advantage the iron they 
have accumulated during the prolonged depression. 

The Finished Iron Trade.—Except that the plate mills 
are kept well going in the North, the other branches of the 
finished iron trade, which when in full operation afford 
employment for so many thousands of men, are still much 
depressed. Some of the large works which are closed may 
remain idle for many months. It is hoped, however, that 
the gradual return of confidence which is manifested will 
lead to such an improvement that will accelerate the legal 
movements which are so slow when connected with the 








affairs of large commercial concerns. There is a general 
belief that a revival is near. 

Messrs. Hopkins, Gilkes, and Co.—A long pending dis- 
wes involving a — large sum of money has just been 
ecided in favour of Messrs. Hopkins, Gilkes, and Co., iron- 
masters and engineers, Middlesbrough. The Dunaburg 
and Witepsk Railway Company, of Russia, claimed from 
Hopkins, Gilkes and Co., Limited, 90,0007. for alleged 
failure of rails under a contract long ago executed, certified, 
and paid for. After being before the law courts, the matter 
was referred to the arbitrament of Mr. Maule, Q.C., and re- 
corder of Leeds. That gentleman has just given his de- 
cision that the railway company’s claim of 90,0001. was 
fairly at npn by 1s. The railway company have had 
to eir own costs and the costs of Hopkins, Gilkes, 


The Board of Arbitration for the North of England.— 
On Monday the annual meeting of the Board of Arbitration 
and Conciliation for the North of England Manufactured Iron 
Trade was held at Darli nm. The Board has been produc- 
tive of much , and it is hoped that having been instru- 
mental in avoiding several strikes it may be looked upon 
asa permanent institution. Mr. Willi itwell, of South 
Stockton was president, and the other officers 
were appointed. 

Engineers and Shipbuilders.—There is a good deal of 
work on hand on the northern rivers, and from the 
inquiries coming to hand it is fair to assume that engineers 
an a will be kept busy during the next few 
months. 


The Coal and Coke Trades.—In the coal and coke trades 
there is no alteration. Prices are low. The wages 
question is under consideration by the pitmen. 


Cleveland Institution of Engineers.—The third meeting 
of the session was held on Monday evening, January 29, 
in the large hall of the Literary and Philosophical Society, 
Corporation-road, Middlesbrough. After the usual routine 
business an animated discussion took place on the merits of 
Mr. Head’s ‘‘ Octagon” or four-cylinder engine. An in- 
teresting paper was then read by Mr. C, E. bridge, of 
Middleton - ing Teesdale, on ‘‘ Certain Improvements in 
Machinery for making Peat Fuel, with S ions as to 
ape Applications of Peat for Fuel and other Purposes.” 

e annual dinner of the members of the institution is 
announced for Monday the 12th instant. 








NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

Glasgow Pig-Iron Market.— There was no pig-iron 
market last Thursday, business being very generally sus- 
pended in consequence of the celebrations connected with 
the inauguration of the monument erected in Glasgow in 
honour of the national poet Burns. When business was 
resumed on the following day the warrant market was 
somewhat dull, and sellers became less firm, prices being 
about 2d. lower than at the close on the previous Friday. 
The price at the opening was 57s. one month, at which it 
remained with sellers, buyers offering 57s. cash. Business 
was again done in the afternoon at 57s., but towards the 
close 56s. 11d. cash was accepted, and the market closed, 
sellers at 56s. 10d. cash, and 57s. one month, buyers offering 
56s. 9d. and 56s. 11d. respectively. The market was flat 
on Monday forenoon, and only a small amount of business 
was done in warrants at 56s. 8d. cash, and 56s. 10d. one 
month fixed, closing with sellers at both quotations, buyers 
offering 1d. per ton less. During the afternoon the flatness 
continued, with business done at 56s. 7}d. one month, 
buyers remaining, sellers 56s. 94. The market was a 
shade firmer yesterday forenoon, a good business being 
done in warrants at 10d. to 56s. 10d. one month paid, 
also at 56s. 74d. to 56s. 8d. cash, closing buyers 56s. 8d. 
cash, with sellers at 56s. 10}d. onemonth paid. There was 
a firm market in the afternoon, with business done at 
56s. 9d. one month fixed, buyers remaining, sellers 
56s. 103d. This day’s market has been steady. Business 
was done in the forenoon at 56s. 9d. one month, and 56s. 6d. 
to 56s. 7d. cash, the market closing sellers at the latter 
price, buyers 56s. 6d. A quiet business was done in the 
afternoon at.56s. 74d. fourteen days, buyers 56s. 6d. cash, 
sellers 56s. 7d. It would almost seem as if the recent 
reductions in price had deterred buyers from operating in 
special brands, and had caused them to await the chance 
of still further concessions before the shipping season sets 
in. There is certainly a steady purchasing going on for 
investment, but it is not sufficient in extent to give the 
market anything like buoyancy. The Continental trade 
reports are still discouraging, and this gives confidence to 
operators for a fall. The demand for shipping iron con- 
timnes to be very dull. All brands are more or less a drug 
in the market, and holders are anxious to sell out any 
surplus stock which they may have, as they fear further 
reductions. Last week’s shipments amounted to 5746 tons, 
as against 6040 tons in the corresponding week of last 
year. The deliveries into store continue to be large, and 
the total stock with Messrs. Connal and Co. up to last 
Friday evening was 116,779 tons, thus showing an increase 
of 1799 tons over the week. 

The Scotch Blast Furnaces.—At this time last year there 
were 117 blast furnaces in a in Scotland, and there 
are now 116 in blast. T close-top furnaces are 
becoming more numerous every year. There are two of 
large size in full blast at Calder Iron Works, and the same 


owners, Messrs. Dixon and Co. (Limited), have three such | T' 


furnaces in operation at Govan Iron Works, Glasgow. One 
of these was set going quite recently. Itis 76 ft. high, 
and is capable — from 240 to 250 tons of pig iron 
per week. In cases these furnaces are using raw coal, 
and they are entirely destitute of the patent fiues such as 
are iar to the furnaces erected by Mr. Ferrie within 





the last few years. A considerable amount of economy has 
already ited to Messrs. Dixon and Co. 


The Malleable Iron Trade.—The various works é in 
the production of malleable iron in the Glasgow, Coatbridge, 
and Motherwell districts are all well employed, and are 
pel poatinne so for some time to come. The inquiry 
for i delivery has lately been a little more apparent, 
but there is no difficulty in making contracts at present 
quotations. 


Scoteh Engineers in China.—A Shanghai newspaper 
states that Mr. Allen and Mr. Rennie, two Scotch engi- 
neers employed in the Kiangnan Arsenal, have received 
marks of favour from the Chinese Government. Mr. 
pee hoy eons a ae wahoo F ~~ and 

i ranstonhi i lasgow), and Mr. Rennie 
in that of Messrs. Aitken and , Whiteinch. 

4 Association.—The third general meeting of the 
Fairfield Association was held last week, Mr. W. M. 
Ogilvie, President, in the chair. Mr. G. A. Newall, of 
Neweastle, late President of the Association, read an in- 
teresting paper on the ‘‘ Machine, after Reuleaux.’’ Draw- 
ing attention to the fact that there were three simple 
classed pairs namely, the screw pair, the revolving pair, and 
the prism pair, the two latter being particular cases of the 
former, he went on to give examples of some particular 
mechanisms, and showed how from one simple mechanism 
of four links, united by revolving pairs, the beam, di 
acting, oscillating, and rotary engines were all derived, thus 
showing an interesting family likeness between these 
various machines. After a short discussion, a vote of 
thanks was awarded to Mr. Newall, and the meeting sepa- 
rated. There was a large attendance. 


The Highland and Agricultural Society of Scotland.— 
In coped to the implements selected for trial after the last 
show by this society at Aberdeen, the machinery com- 
mittee, after instituting minute and careful trials, re- 
commended, and the directors have since confirmed, an 
award of 501. on account of the Fisken steam ploughing 
tackle, an exhaustive report on which will appear in the 
forthcoming volume of the society’s ‘‘ Transactions.”” For 
the present year it has been resolved to offer premiums in 
the machinery department as under: On the invention or 
improvement of implements of husbandry, 50/. ; On a ma- 
chine for cutting turf by steam power, 201. ; On the best 
means of drying compressed peat fuel, so that its manu- 
facture on a large scale could be carried on throughout the 
whole year, 10/.; On the best and most approved cattle 
truck for feeding and watering the animals in transit, 201. 


Wick Harbour Works.—Mr. Thomas Stevenson, C.E., 
Edinburgh, visited Wick last Thursday, at the instance of 
the British Fisheries Society, and inspected the breakwater 
and the breach lately made on the north pier. It is under- 
stood that Mr. Stevenson e some recommendations with 
the view of preventing the breach of the latter structure 
extending any further, but thought that it would not be 
advisable to commence rebui before the month of 
March. The harbour works at Wick have been an almost 
perpetual source of trouble and expense for many years. 

Thurso Harbour Company.—A numerously attended 
meeting of the shareholders of the Thurso River Harbour 
Company was held last week. The Harbour Bill was 
unanimously approved of. The estimated cost of the har- 
bour is 15,0001., to be raised in shares of 10/. each. Calls 
of 12. have been made, and 60007. have already been sub- 
scribed. The original intention of the promoters of the 
company was to raise 10,0001. in shares of 101. each, but 
they have now to expend 15,0002. on the works. 
Sir Tollemache Sinclair, proprietor, and William r, 
lessee of the river fishings, have given up all claims in 
favour of the company. 

Drainage of the Breakwater at Nairn.—During the 
recent storm along the east and north-east coast of Scot- 
land, considerable fury was spent on the harbour works at 
Nairn. The sea made a complete of nearly the 
whole east side of the breakwater, causing the loss of thou- 
sands of pounds. 

Proposed New Railway Bridge over the Earn.—The 
directors of the Caledonian ilway Company intend to 
erect a new railway bridge over the , about two miles 
below Crieff. It will be of iron, with stone piers, and have 
three arches. 

New Railway Bridge over the Clyde.—Very satisfactory 
progress is being made with the foundations for the 
new bridge which the Caledonian Railway Company 


are throwing across the Clyde at Glasgow Harbour. 
On the south side the excavation made by the digger 
for the east pier was finished some days ago, and is 
now being filled up ually with concrete. The depth 


was 96 ft. to the rock. The digger is still at work for the 
west pier foundation, six cylinders having yet to be put in, 
or about 36 ft. to be excavated. On the north side of the 
river the eastmost pier is nearly completed, only a couple or 
so of the granite courses having to put on, whilst the 
west one is nearly ready for the stone. The granite is 
brought by railway from Dalbeattie, Dumfriesshire, and is 
of a fine grey colour. On the completion of the end works, 
‘ ations will immediately begin with the centre piers in 
river. 








Tur Lonpon AnD County BaNnkING COMPANY.— 
The directors of this company have just submitted its 
report for the half year en December! 31, 1876. 
is report shows that the net profits during the six 
months amounted to 105,4471., which added to the sum 
brought forward from the previous half-year, a 
total of 131,1661. From this sum they recommended a 
dividend of 8 per cent. for the half- , after which a 
balance of 11,1661. is left to be carried forward. The profits 


on the past year have, therefore, amounted to 16 per cent. 
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REGISTRATION OF TRADE MARKS. 
It is but a poor satisfaction to those who have 
performed the unpleasant duty of prophesying evil 
to find their predictions amply fu ea uch has, 
however, been our own case in all the remarks we 
have felt it our duty to make from time to time on 
the way in which the Trade Marks Registration Act 
has been administered by those appointed to carry 
out its provisions. Just a year ago, in January 
last, and before the office had well entered upon its 
duties, we pointed out some of the difficulties— 
porey artificial difficulties—which had been created 
y its code of [rules, and we sincerely regret to find 
that the worst of our anticipations have been more 
than realised, Not that we would claim for our- 
selves any special prescience in the matter. We 
merely brought to bear on its discussion the merest 
common sense, and such experience of commerce 
and manufactures as ought certainly to have been 
possessed by any official staff appointed for such 
a purpose as that of keeping a Registry of Trade 
Marks. That such experience is woefully lacking in 
the department is but too certain, or we should not 
have heard the numerous complaints which have 
been aroused as one industry after another has been 
harassed through blunders caused, but not excused 
by ignorance of the legitimate requirements of trade. 
hroughout its brief career the office has been 
at least consistent, for a more uniform series of 
administrative mistakes it might be hard to find. 
The Act which gave it birth was pushed through 
Parliament without much attention from anybody. 
It was so vague and formless that there was but 
little in it to which anybody could take objection. 
Yet even here there was want of judgment, The 
Act, instead of pion a Aver Sar office at which 
any one could register his mark, and leaving the pro- 
prietor to prove his claim and defend his rights 





thereto by the ordinary process of law, attempted to 
do more ; it forbade the re to receive any 


mark already on his books, and thereby threw on | U; 


him the responsibility of deciding whether a mark 
was new or not. This entailed an elaborate code of 
rules, and so difficult was the task of preparing this 
that the Lord Chancellor or his delegates shrank 
from it. until time forced them to put forward 
something. Then, a few hours before the office 
opened, a set of rules and regulations was issued, 
the chief feature of which was a classification—not 
of trades but of articles—hurriedly put together 
from old exhibition catalogues and other like sources, 
Perhaps skilful administration might have made even 
this cumbrous machine run smoothly, but even here 
the department was unlucky. e rules were 
administered in the same spirit as they were passed, 
and difficulties accumulated until an amending Act 
had to be passed, giving a year’s grace for the re- 
ception of existing marks. 
us relieved from immediate pressure the office 
went to work again, and issued a modified classifica- 
tion which rendered confusion worse confounded, 
At Poy we the measure of success which has at- 
tended their efforts may be estimated from the fact 
that there are now some 12,000 bu sSemnep pend- 
ing, while according to the list published January 
8rd last, 260 marks had been placed upon the 
register. The cause for this state of things it is 
hardly possible for any one outside the office to 
state precisely, but in the numerous cases which 
have come within our own knowl it has been 
caused by pyr being returned over and over 
again from the office to be altered first in one and 
then in another particular. In several instances—we 
have reason to believe in a very large number of in- 
stances—applicants have been required to alter the 
forms sent in, and have afterw been required to 
alter them back to their original shape, the depart- 
ment having discovered that they, not sped rig 
were in error. It will hardly be credited that 
second sets of fees have been exacted for these 
rectifications of official mistakes. The amount of red- 
tape consumed in Quality-court must be remarkable. 
Young as the office is, it has stiffened into a rigid 
and unyielding system which would have done credit 
to Somerset House or Whitehall in the old ante- 
reform days of the Civil Service. This bad ad- 
ministration of a bad system has naturally caused 
wide-spread irritation among a large class of the 
public. Traders and manufacturers are finding that 
the boon of registration is a great white elephant, 
Firms which have done business quietly, and 
without a hint of opposition for years under 
an established trade mark, are beginning to find 
that they must incur heavy costs to secure 
their own property, or find their right to it 
interfered with. ‘Take the case which came before 
Vice-Chancellor Hall last week. Two firms claimed 
the same or a similar trade mark, one for pins, the 
other for nails, It is quite conceivable that these 
two firms might go on trading for years to the same 
laces, and yet be unaware of each other’s existence. 
t is quite inconceivable that as long as they kept 
to their respective lines of business they could 
interfere with each other in theslightest degree. Each 
of these firms has as good a moral right to its 
trade mark as it has to its house of business. 
Before the passing of the Trade Marks Registration 
Act, its legal title to either was presumably equally 
good. Yet the Registrar of Trade Marks cannot 
register these marks without putting their pro- 
rietors to considerable cost and trouble. y? 
ecause the ignorant author of the classification 
lumped together needles and pins and nails and 
corkscrews and anvils, and spades and tin pipes, 
and half a hundred other incongruous articles in one 
class, and declared that no maker of any one of these 
articles should use a trade mark which had been 
registered to the maker of any other of them. It would 
be quite as wise to have said that no man who was 
named Brown should use the same trade mark as a 
man named Smith. We have referred to this over 


and over again. In the Mei first article which ap- | h 
e 


peared in ENGINEERING on then recently issued 
classification we pointed out this identical objection, 
and gave instances of several totally different trades 
all grouped together in this unnecessary and incon- 
venient fashion. Surely it requiresno great amount 
of knowledge to see that the man who makes spades 
or dung-forks is not likely also to be a manufacturer 
of needles or fish-hooks, and that the maker of 
block-tin goods will probably be distinct from either ? 
by what misapplied ingenuity then are they classed 
together? 


Class registration must bréak down, in fact it has 
broken down, and with it the whole existin 4 
nsatisfactory as it must be for | tors to 
acknowledge the failure of their laws, it is impera- 
tively necessary in the poe interest, that in the 
case of recent trade mark legislation this should be 
done. We had one amending Act last session to get 
the de ent out ofa mess ; it is tolerably certain 
we shall require another next session, To make this 
Act complete and satisfactory is worth a good deal of 
trouble. The object is really one of great importance 
to our manufacturing interests, and those who are 
affected will act wisely if they make themselves 
heard, through their parliamenta: representatives, 
as soon as any fresh e Marks Bill is introduced, 





SANITARY SUMMARY FOR 1876. 

Last year, in many respects, contrasted favour- 
ably. with its predecessors. Generally speaking 
the whole country has at last become awake to 
the necessity of something being done to improve 
the general health. Local authorities of 
towns, and even small villages, have set about with 
a certain amount of earnestness to improve their 
sewerage, drainage, and water supply. Medical 
officers of health, ins rs of nuisances, and other 
officials have been stirred up to duty and diligence, 
and now we may express, with some satisfaction, 
the hope that the great work of sanitary improve- 
ment will, during the present year, show some real 
and efficient progress. 

In Parliament and official circles a considerable 
amount of good was either effected or commenced, 
The passing of the Rivers Pollution Bill, _—— 
only an me oye and tempo! measure, was 
a step in the right direction. e appointment of 
the Commission to inquire into the effects on 
animals and vegetables of the noxious vapours and 
gases caused by chemical works, metallurgical pro- 
cesses, &c., promises to bring forth some useful 
results, The City Corporation and the Metropolitan 
Board of Works, with some provincial corporations, 
have set vigorously at work to put Mr. Secretary 
Cross’s Artisans’ Dwellings Bill into efficient opera- 
tion, i.e., to substitute decent dwellings, in place of 
rookeries, as habitations for working men. The 
questions of improved gas and water supply have 
also received great attention both in the Metropolis 
and in the provinces. The Local Government Board 
has largely increased its officers of all classes in 
urban and suburban districts throughout England 
and Wales. Borough engineers have been more 
energetic, in their action and their official reports, in 
bringing before the local authorities statistics and 
various details in which future improvements may 
be based in their respective districts, At last, even 
the mayors, councilmen, and analogous local autho- 
rities have become alive to the fact that they have 
essential duties to perform, as well as ancient rights 
to protect and cherish. 

s a rule the health of the country has improved 
during the past year, except so far as the extra- 
ordinary outb: of -pox has affected the 
death-rate. This disease, in many districts of the 
metropolis, broke out with great virulence, and in 
many parts of England. Although its effects have 
been seriously fatal, especially during the com- 
mencement of this year, there is not the slightest 
doubt that permanent good will arise, That modern 
abomination of civilised life, the dust-bin, situated 
as it generally is at the en door of a large 
number of the middle and lower classes of houses, 
has been frequently traced as a proximate cause of 
the outbreak of small-pox. To this may be added 
the water-closet, which in such houses is usuall 

laced near the back door, the arrangement of bot. 
being admirably adapted to poison every breath of 
fresh air that enters the houses, and rises up the 
staircase to the bedrooms of the upper floors. The 
present method of removing house refuse, such as 
ashes, &c., is at least, so far as London is concerned, 
“yg very defective aud highly dangerous to 
ith. 


It is a matter of much regret that during 1876 
not a single advance has been made in the roa eee 
and treatment of sewage. The engineer and the 
chemist have equally been baffled in the attempt to 
solve this difficulty. The committee that was ap- 
pointed by the Local Government Board, in 1875, 
to investigate this subject, has vmesngee re 

with much minuteness of detail on the subject. But 
the result at which they have arrived is that every 
sewage scheme that has yet been promulgated is im- 





practicable for general purposes, however much in 
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, rerriemghe > or any of them may have certain 

van . The committee, as might have been 
ex of course fall back on irrigation. But we 
think that any special advantages this may possess 
would have been severely tested by the almost in- 
cessant rainfall of the past two months. We fancy 
that the most enthusiastic irrigationist would thus 
have had practical proof of the limited value of 
sewage irrigation, and have moderated greatly his 
views in respect to its general application. 

Independently of the views of the committee it 
will ap on tbe slightest reflection, the much- 
vaunted schemes that have durin, 
been the subject of patents and have led to the 
formation of companies have all necessarily ended 
in failure andloss. Omitting notice of those which 
are still dragging on a miserable existence, we may 
especially draw attention to two now in course of 
liquidation in the Court of Chancery, and which 
may be considered excellent types of others that 
have commenced with the idea that sewage can be 
disposed of at a profit. The General Sewage and 
Manure Company was originated for the purpose of 
adopting precipitation. Its works at Coventry were 
admirably constructed in every detail, whether in 
respect to engineering or chemical science, all the 
latest improvements having been judiciously 
adopted. But the end was the loss of all the 
capital and consequent insolvency. The New Town 
Manure Company had theoretically an excellent 
chance, having, as had its predecessor, the Town 
Manure Company, the object of removing and dry- 
ing the excreta without any addition to dilute them. 
Hence, by such a process, it was expected that all 
the valuable constituents would become fully avail- 
able to the farmer. But of this scheme financial 
failure was the end. 

It will be naturally asked as to what has been 
the cause of these failures, and an answer is speedily 
afforded. Setting aside the undue extravagance 
in the management, and general operations of all 
such companies, it may be safely stated that failure 
has been chiefly caused by the extraordinary per- 
sistence which has been adopted on the dictum of 
Liebig, enunciated some twenty years ago. He 
asserted that everything a man took from the soil, 
during his lifetime, should be returned to it in some 
form or other, and that, consequently, the refuse of 
men and animals should become the great restora- 
tive of the loss which the earth sustains by the 

wth of crops. In the abstract this is true. 

here population is small and adjacent land abun- 
dant, animal refuse forms a cheap and essential 
manure, But, as in the case of the metropolis, for 
example, this theory is absolutely valueless. It 
takes a considerable portion of England, and even 
Continental countries—say some thousands of acres 
—to produce enough food for the four millions of 
London. But the refuse is given off in a very limited 
area, and in a very dilute state, consequently it is 
not worth the carriage in any form, and therefore 
is of no value in recouping the loss of the land on 
which its food is grown, and which may be from ten 
to hundreds of miles away. Precisely the same 
reasoning holds good in regard to every large town, 
and yet it is just these that the sewage companies 
have been fighting!for, and the result of course 
might have long ago been anticipated. Liebig was 
the father of our present organic chemistry, but we 
fear that he has done much to injure the solution of 
the sewage question by inoculating, through the 
authority of his name, a number of enthusiasts, of 
whom it is only charitable to say that being blind 
they became leaders of the blind, and have thus 
led to the loss of some millions of money in the 
search after a sewage will-o’-the-wisp. 

In re to water supply much was done in 
1876. For many years the metropolis must of 
necessity depend on its present sources, the Lea, 
the New River, and the Thames. The Kent supply, 
drawn from the chalk, has long been poner as 
the best that can be obtained near London, and we 
are glad to observe that in the western portion of the 
metropolis a new supply of a similar kind was 
obtained in the Colne valley by boring to the chalk. 
The river supplies of all kinds, but especially those 
drawn from the Thames, are necessarily impure, 
and during the recent floods, despite every attempt 
at filtration, the water has been considerably im- 
paired and been below the average. This may be 
partly obviated by the erection of large storing 
tanks, a now in progress with the companies 
south of the Thames, But still minute organisms 
will enter the supply, and where foul cisterns exist 
the matter will necessarily accumulate and become 





the last ten years. 


dangerous to health, especially in the localities of 
the poor. But the rich are not exempt from this 
source of danger, a remarkable instance of which 
—the Mansion House—has already been noticed in 
our columns, In the provinces the year has 
shown great activity of the authorities in endea- 
vouring to improve both the quantity and qua- 
lity of the water supply. By diminishing loss, and 
hence practically increasing the supply, and b: 
venting the necessity of storage of water in ho 
cisterns, the constant tem, now so rapidly 
spreading, will prove of the greatest sanitary ad- 
vantage, beside being of inestimable value in the 
extinction of fires. 

The fact really is that our drainage, sewerage, 
and water supply have not been extended in even 
an approximate ratio with the increase of popula- 
tion. Old drains, and old sewers, mostly defective 
at first, have had to do duty for a constantly in- 
crease of people. A recent return of the Registrar- 
General plainly illustrates the fact. Taking his 
estimates for a few of the towns of England 
we obtain the following statistics. Thus, in the case 
of London, the decennial rate of increase was 16.1 
per cent. by the last census, consequently there 
would be an increase from 3,254,260 in 1871, to 
3,533,484 in the middle of 1877. Portsmouth in 
1861 stood at 94,799, now as 127,144; Bristol has 
increased from 154,093 to 202,950; Liverpool from 
443,938 to 527,083 ; Manchester from 338,772 to 
359,213; Salford from 102,449 to 141,134. In 
other words the population of these and a few other 
large towns in England which stood as 5,430,515 in 
1861, will now amount to 6,945,230, showing an 
increase of 1,514,715 due in part to the excess of 
births over deaths, but also largely to immigration 
from country to town districts. London alone has 
increased in the past sixteen years by 729,495 per- 
sons. 

Now, taking these fi it must be a matter of 
great congratulation that our health-rate has im- 
proved despite the adverse circumstance which such 
an increasing condensation of people in large towns, 
and depopulation of the adjacent country districts 
must necessarily create. But as we have already 
said, this increased population has not been attended 
with a co-ordinate extension of our drai , Sewer- 
age, and water supply. It is evident therefore that 
whatever progress has been made has had to bear a 
heavy drawback from the causes thus alluded to. It 
is true that several millions have been advanced 
since 1868, to towns and local authorities for needful 
improvements, and the Local Government Board 
hastens to assist towns that are anxious to improve 
their sanitary condition. Yet the experience of the 
last two years has shown that in too many cases the 
local anthorities require much stimulus to set them 
into action, and when this is accomplished, a long 
time must elapse before the needful improvements 
can be efficiently carried out. 

In regard to the plans actually in operation in 
1876 for the disposal of all kinds of house refuse, &c., 
a very valuable summary of returns given by the 
local authorities, was published by the Society of 
Arts during the conference held last May, in Lon- 
don, at which some of the leading authorities of all 
kinds of each of the chief towns were present. The 
returns were intended to show the manner in which 
the sewage is dealt with in each locality, the cost, 
and pared no0 a The population, death-rate, 
&c., are afforded. We on our readers a careful 
perusal of this document, as also of the report of the 
conference that was subsequently furnished, Per- 
haps the two publications have added more than 
any other to an exact knowledge of sanitary sub- 
jects. The subject of architecture as relating to 
sanitary questions occupied much attention in 1876, 
much practical information having been afforded, 
although in some cases mixed with Utopian fancies. 
Our codinasy house construction from the foundation 
to the roof is, as a rule, in utter defiance of physical 
and chemical science. It would be in fact difficult 
to devise houses more calculated to cause and con- 
tinue ill-health and disease than some hundreds, or 
perhaps thousands now in course of construction 
around London. The land is frequently an old 
swamp to begin with, and consequently constant 
dampness must ensue. The drains are still led 
through the houses, and of course this will insure 
an abundant supply of sewer gases for the purpose 
of engendering and propagatin _ disease, 
Many suggestions have been made for the erection 
of *‘ model” houses, but these are not likely to be 





followed to any considerable extent. It is evi- 
dent, however, that at but little extra expense 


pre- | Pp 
use- 


our moderate-sized dwellings might be tly im- 
proved, and thus a great draw to sanltary ‘pro. 
gress be removed. 


| We have thus briefly noticed some of the most 
important points that occurred during 1876 in regard 
to sanitary matters. It isa matter of congratula- 
tion that actual progress has been made. It is 
perhaps, however, not generally known that the 
resent state of the laws regarding public health, 
including the details of parish drainage, sewerage, 
&c., house drains, and cognate matters, permits 
action not only on the of the local authorities, 
but also of a combined effort on the part of the 
ratepayers, who may thus force the authorities to 
action. If a kind of health committee were formed 
in each town for the purpose of gathering statistics, 
facts, &c., in regard to its sanitary condition a great 
stimulus would be created in the way of improve- 
ment. Vigilance committees are frequently formed 
for political purposes, why should they not be 
adopted in a case of infinitely more importance as 
that involving the health and life of a locality? 
If such information were gathered and published, 
it would be of the highest value, especially to 
the legislator, who would thus have a truthful basis 
to guide in the enactment of future sanitary laws, 
instead of the uncertain data that have hitherto 
been chiefly depended on. 


CONTINUOUS RAILWAY BRAKES. 

WE _— on another page a letter from Mr. 
D. M. Yeomans on the subject of continuous rail- 
way brakes, especially in relation to those systems 
known as the Westinghouse Automatic and the 
Vacuum. As this was accompanied by another of a 
somewhat menacing tone, and which we have printed 
with Mr. Yeomans’ communication, we presume that 
this gentleman considers that he has a grievance 
against us because we have so carefully ysed the 
— of the two apaens. see because, having found 

t one possesses 0 the stopping efficiency of © 
the other we honeyed railway =< am. haga behalf 
of the public, to be careful how they aceept a less 
efficient system, when one so much more prompt in 
its action is offered tothem. It certainly is not our 
fault that the vacuum brake is slower in its action 
than the automatic, but we should be greatly want- 
ing in our duty if we failed to impress this fact upon 
those with whom the power of selection rests. 

But Mr, Yeomans denies the accuracy of the 
data upon which our conclusions are based; we are 
therefore bound to discuss the leading points in his 
letter, and we are all the more glad to do this, 
since, so far as we know, this is the first occasion 
that any representative of the vacuum brake has 
publicly argued the question. It will be borne in 
mind that our careful deductions—which are what 
we presume Mr, Yeomans refers to as our ‘‘ injurious 
statements”—are based upon the recent trials con- 
ducted on the North British Railway. Now Mr. 
Yeomans denies “ the correctness of these trials from 
beginning to end,” It will be remembered that 
— to these experiments, Mr. Drummond, the 
ocomotive superintendent on the North British 
Railway, agp precisely similar trains at the dis- 
posal of the automatic and vacuum brakes repre- 
sentatives, to fit up as they saw fit, and in such a 
way as to obtain the best possible results. This 
being done, the trains were handed over to the care 
of an honorary committee, consisting of Mr. Cowan, 
Mr, James Stirling, Mr. Barton Wright, and Mr. 
Haswell, who were requested to satisfy themselves 
as to the reliability of the means at their disposal for 
recording results, and to conduct in their own way 
the trials of both systems, 

The instrument used for the purpose of recording the 
results was, it is true, devised by Mr. Westinghouse, 
but is none the less reliable on that account. It was 
carefully examined and approved by the committee ; 
it had been, previous to the trials, tested by Mr. 
Drummond's assistants, and it was, on the day of the 
trial, approved of by Mr. Yeomans, who expressed 
himself ge Meevegee ns of its accuracy, and ap- 

roved of its being worked under the superinten- 

ence of Mr, Westinghouse. Further, Mr. Yeomans 
pegs declared, that he considered that the trials 
ad been conducted with the utmost fairness, and 
that the results were reliable. And further, these 
results obtained coincided with those deduced from 
the only other series of reliable brake trials ever 
ro a at Newark. es al ale 
i correctness 0 experiments, 
eenieen” We. Yeomans not only contradicts his 
own publicly made statements, but tends to throw 











discredit upon the four gentlemen who constituted 
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the committee ; nor when we come to consider Mr. 
Yeomans’ reasons why these trials were incorrect 
from beginning to end, do we glean the slightest 
information, The first reason commences: ‘ Mr. 
Westinghouse was allowed to work his brake under 
a pressure of about 100 Ib. to the inch.” At the 
time of the trials Mr. Yeomans protested against this 
pressure being allowed, but of course the committee 
would not listen to so absurd a plea. Such a pres- 
sure, and greater indeed, is carried daily on the 
many thousands of carriages and engines fitted with 
the brake, and is maintained year after year in daily 
practice by the pumps after they are old, as well as 
when a new. We do not pretend to decide 
whether Mr. Yeomans’ doubt about the safety of 
carrying such a pressure is a part of his first 
‘‘ reason,” or merely intended as acomment. In any 
case, he should be still more desirous to “‘ advise the 
public to avoid the risk of travelling in carriages” 
fitted with the vacuum brake on the Metropolitan 
and St. John’s Wood Railway, which carry reser- 
voirs containing gas under a pressure twofold as 
great as thatin the Westinghouse reservoirs. But 
he can scarcely advance this seriously as an element 
of danger, and detrimental to the automatic sys- 
tem, still less can he bring it forward as a ‘‘ reason” 
for the unfairness of the North British trials. 

The second ‘ reason” advanced is that the records 
were taken by Mr. Westinghouse’s speed and brake 
action recorder. As we before stated, the accuracy 
of this instrument had been proved before the trials, 
it was examined and approved by the committee, 
and it was employed with the entire concurrence of 
Mr. Yeomans. We think it is scarcely worthy of 
that gentleman to infer in his letter that advantage 
was taken by Mr. Westinghouse of the fact that the 
instrument was a device of his own, and it is not 
correct to say that Mr. Westinghouse worked the 
instrument. ‘The diagrams were taken by an as- 
sistant of Mr. Drummond. We confess we do not 
comprehend Mr, Yeomans’ objection to the “ fre- 
quent changes of springs.” The diagrams were taken 
with an ordinary Richards indicator, which was 
subjected to the action of augmented pressures with 
the increased speeds, and the ordinary change of 
springs was involved on account of this. 

We think Mr. Yeomans can scarcely have read 
our comments on the behaviour of the Westing- 
house brake acting against the engine when under 
steam. We did not seek to make a strong point of 
what, as he rightly says, any continuous brake can 
do. We merely pointed out that the automatic 
brake could bring the train to a state of rest against 
steam, while the vacuum brake had still the mo. 
mentum due to a speed of 26 miles per hour to 
take out of the train with steam shut off. 
Mr. Yeomans must pardon our doubting, how- 
ever, that his or any other brake can stop a train as 
quickly with the steam on as off, and still less can 
we believe the tabulated results given by him, in 
which the stops were made against steam in a 
shorter distance than with it shut off. We fear 
these trials must have been conducted only with 
that approximation to accuracy which has hitherto 
on similar occasions been so detrimental to the 
obtaining of precise results. 

Mr, Yeomans, whether intentionally or not, fails 
to convey a clear idea of what actually took place 
at the luncheon table in Edinburgh on the day of the 
trials. Not only did he not publicly object to them, 
or challenge their correctness, but he did publicly 
and clearly express his satisfaction with them, and 
his conviction that they had been carefully and cor- 
rectly carried out. His suppositions that the trials 
with the two systems would extend over a period of 
sixor twelve months, and that no official report would 
be given till the expiration of that time, are perfectly 
correct. It is the intention of Mr. Drummond to 
run the train fitted with the vacuum brake in daily 
competition with the automatic, not on account of 
his directors, who have not needed to wait so long 
before arriving at a decision—they having been per- 
fectly satisfied with the results of the trials—but for 
the public benefit, in order that minute and reliable 
data as to performance and cost of repairs, re- 
newals, &c., of both systems under reg’ traffic 
conditions may be arrived at. 

Mr. Yeomans appears to imply that Mr. Drum- 
mond had broken faith with Fim in this respect, 
but this has not been in any way the case, and Mr. 
Drummond could scarcely have been expected to 
keep his trains without continuous brakes fora year, 
when he had before him evidence so clear, as to 
lead him unhesitatingly to a conclusion. 

From the remarks of Mr, Yeomans upon the 


automatic brake as fitted on the Midland Railway, 
he would seem to ro bs a remarkable extent the 
confidence both o r. Westinghouse and his 
assistants, and of the officials on the line; but we 
would like to know more of the authority 
whence the di ing statements about the 
Westinghouse brake on the Midland have been 
derived before we accepted them. Mr. Yeomans 
brings two charges against the automatic brake, 
which in the public interest should be either sub- 
stantiated or is ved. The first of them is that 
with all care and expense it is impossible to keep it 
in perfect working order ; and the second that when 
this brake is in daily use it frequently goes on when 
not required, and does not come off when required. 
Such defects as these—defects which would be fatal 
to the efficiency of any brake—have not developed 
themselves on the American railways, where the West- 
ee brake is in general use ; nor on the Metro- 
politan District Railway, on which Mr, Speck (who 
was the first locomotive superintendent in this king- 
dom to oy A and apply the Westinghouse brake) 
has now hada lengthened experience with it; and it 
has not been discovered upon the many experimental 
trains which have been fitted and are running upon 
various railways. Why therefore should it fail so 
frequently and seriously on the Midland Railway, 
despite all the care and expense which it is alleged 
are lavished upon it? 

If what Mr. Yeomans states with reference to the 
Midland Railway be true, then we think there could 
be only one explanation. If the brake be uni- 
versally successful everywhere but on the Midland 
Railway, then it is clear that for some reason or 
other it is not desired that it should succeed on that 
line. But considering that Mr. Johnson has taken 
a warn interest inthe automatic brake, and that he is 
running the most important trains upon his line fitted 
with it, and that the engine drivers of all the trans so 
fitted express unqualified approval of the efficiency 
and increased powers of control which the automatic 
brake assures them; considering all these things, 
we imagine that Mr. Yeomans has criticised rather 
hastily and without due regard to possible con- 
sequences. And this conclusion is borne out by the 
final paragraph of the letter we have been considering, 
in which the locomotive and carriage superintendents 
of England are warned —. the adoption of a 
thoroughly proved and efficient apparatus for con- 
trolling trains, which the writer stigmatises as ‘‘a 
train stopper.” A few words in conclusion with 
regard to the mistaken impressions of Mr, Yeomans 
as regards ourselves, That gentleman to our own 
knowledge freely admits that the vacuum brake is 
not so prompt in its action as the automatic, in 
other words that it cannot stop a train running at.a 
certain speed in so short a distance. It is of no 
use for him to deny the correctness of the North 
British trials, because their accuracy is vouched for 
by a number of honourable and disinterested gentle- 
men, and those trials prove conclusively the general 
principle which Mr. Yeomans freely admits, and he 
can dispute them only because they show a greater 
difference between the competing brakes than he ex- 
pected them to show, and the exact amount of which 
neither he nor any one else had the means of detect- 
ing before the experiments on the North British 
Railway took place, 

We have always freely conceded (and we have no 
reason for doing otherwise) the qualifications of the 
vacuum brake; it is cheap, and it is simple in its 
operation, it may be, but we doubt it, inexpensive to 
maintain ; but it cannot under any circumstances 
stop atrain as promptly as is required ; it is powerless 
if a train parts in two, and it gives no timely notice 
of the failure of any of its parts. ‘These are the in- 
herent characteristics of the system, which may find 
a useful application when speeds are low, and prompt 
stoppages not desired. But for main lines on which 
trains are now regularly run at velocities ranging 
between 50 and 70 miles an hour, it is an unsuitable 
appliance, for one simple reason among others that 
too much time is lost between the moment of appli- 
cation of the ejectors on the engine, and the brake 
blocks on the wheels. As we showed in a recent 
article, the North British trials proved most con- 
clusively that the ‘‘ stopping” value of the automatic 
as compared with the vacuum is as 65 to 30, and 
we repeat that railway managers would incur a grave 
responsibility in adopting the less efficient apparatus, 
just as they would also be gravely responsible in 
adopting the automatic brake, were another, which 
approached far nearer to perfection, and which had 





been subjected to the proof of wide and prolonged 
use, submitted to them. 


AN “ENGINEERING LABORATORY.” 
WE reprint in another column a circular which 


has been sent to us referring to a subject which 
very considerable interest to engineers. 
+ may be remembered that upwards of a year ago* 
we made some comments upon a lecture delivered 
by Professor Kennedy at University College, in 
which he described in outline a scheme for an 
‘* engineering laboratory,” which, as it seemed to 
us, would be of very great value in connexion with 
the training of engineers, We are glad to hear that 
the scheme is now taking more definite form, and 
that the authorities of University College are 
taking some steps towards its realisation. The 
circular to which we have referred is a state- 
ment explaining somewhat in detail the nature 
of the proposed institution, and giving an esti- 
mate of its cost. It has been lone by University 
College in connexion with an application made by 
them to the wa a Commissioners of 1851 to assist 
them with funds for its establishment. The chief, 
indeed the only, hindrance to the formation of the 
laboratory seems to be, as we anticipated, the 
financial difficulty, University College, although it 
has been in existence for fifty years, ad never yet 
received the smallest assistance from national funds, 
while its own expenditure on capital account was 
stated in the report of the Royal Commission on 
Scientific Instruction} (1870) as over two hundred 
thousand pounds, and has now reached, we believe, 
the sum of nearly two hundred and forty thousand 
pounds, the whole of which has been derived from be- 
questsand ne er ngnres The college was originally 
a proprietary body, but has been since its re-incorpo- 
ration in 1869 (and —— for many years before) 
entirely divested of its proprietary character, and in 
the full sense of the term a public institution, The 
Royal Commission just mentioned strongly recom- 
mended that it should receive (along with the sister 
institutions King’s College and Owen's College, 
Manchester) substantial aid from public funds, but 
as yet unfortunately Government has not taken any 
steps in the direction indicated by the Commissioners’ 
report. 

Meantime, to return to the subject more directly 
before us, the Council of University College, re- 
cognising the importance of the proposed laboratory, 
and being anxious to improve the existing en- 
gineering school, has applied to the 1851 Commis- 
sioners for financial aid in the execution of the 
scheme, which without some such extraneous 
assistance cannot be carried out. Remembering 
the objects of the 1851 Exhibition, and the views 
held by the Prince Consort and its other promoters, 
we can hardly think of a scheme which should be 
more completely in accordance with the objects for 
which the Royal Commissioners hold their funds, 
These objects, we suppose, if summed up in a few 
words, might be said to be the advancement of 
science in especial relation to its technical applica- 
tions, Without arrogating too much to our pro- 
fession we may fairly say that of all portions of 
applied science those which affect engineering are 

e most important to the country at large, and no 
one reading the description of the proposed labora- 
tory can fail to see the immense value which it must 
possess in the development of the science of our 
profession. According to the chairman of the 
Council of the Society of Arts <r Alfred Churchill) 
the value of the property of the 1851 Commissioners 
is now something like a million and a half sterling, 
of which over 300,000/. are now or will shortly be 
available. Whether these figures be absolutely 
correct or not we do not know, but it is certain 
that the means at the disposal of the Commissioners 
are very large. They have, no doubt, very many 
claims on them, good, bad, and indifferent. But 
out of the many applications which must come 
before them, there can scarcely be one which pro- 
mises to be of more direct and extended usefulness 
to engineering science, and there can be few, if 
any, which are more in accordance with the principles 
which guided those who laid the foundations of 
their wealth, than the scheme before us. 

We, therefore, sincerely hope that the Commis- 
sioners will be able to aid financially in the formation 
of this laboratory. In saying this we express, as 
we are glad to learn, the opinion of some of the 
foremost engineers in the ener who have (as 
might be ex ) taken up the scheme very 
warmly. It it indeed only to be wondered at that 
a plan like this, which combines a high scientific 








* See ENGINEERING, October 22, 1875. 
+ See ENGINEERING, November 20, 1874. 
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value with that “ practical” nature on which we are 
apt specially to pride ourselves, should have re- 
mained so long unexecuted. Now that the idea has 
been put into a tangible form, and its value so 
generally recognised as in this case, we shall be very 
much mistaken if it remain long an idea only. 
It is not likely that the want of a few thousand 
ounds will prevent its becoming an accomplished 
act. 
On looking over the calendar of University Col- 
lege we see, what is not perhaps generally known, 
that in the list of its ex-professors are the names of 
several well-known engineers, for some instruction 
in engineering science for many years formed a 
rt of its work. Among others we notice that the 
fate Mr. Charles Vignoles lectured there (as was 
mentioned in our obituary notice of him) on civil 
engineering from 1840 to 1843, and Mr, Harman 
Lewis from 1845 to 1859; Mr. Bennet Woodcroft 
lectured on machinery from 1846 to 1852; Mr. 
Eaton Hodgkinson made many of his experiments 
on the crushing of long columns there, and lectured 
from 1847 to 1861; while later on Dr. Pole, Pro- 
fessor Fleeming Jenkin, now of Edinburgh, and 
others, have been connected with it. ‘That the pre- 
sent members of the faculty of science are alive to 
the importance of their engineering department is 
sufliciently shown by their arrangement of classes, 
general and special, which is given in its prospectus, 
as well as by the trouble which they must have ex- 
nded in the elaboration of the scheme which we 
ave under review. 

Their statement naturally dwells chiefly upon the 
educational aspect of the matter, and no doubt this 
is the most important. Allusion is made, however, 
in the last paragraph of the circular to another 


feature of the scheme which should not be lost sight | £ 


of. With machines of a very perfect kind, with 
trained experimenters to use them, and with every 
opportunity for carrying out work systematically 
and completely, results should be obtained which 
would be of great value far beyond the limited 
circle of students and others to whom in the first 
instance they would be accessible. Such results it 
is proposed to publish, and so make them useful to 
the engineering profession at large. Another point 
occurs to us which is not mentioned in the circular, 
but we have no doubt that arrangements could be 
made by which engineers, and especially iron and 
steel makers desirous of having their materials very 
thoroughly examined (mechanically analysed, we 
might say), might have this done by the machines 
in the laboratory, which would necessarily be far 
more delicate and accurate than those in common 
use, and which would be specially arranged for the 
purpose of examining the behaviour of materials 
under such comparatively small stresses as those to 
which they are subjected in practice. 

We shall only say further that we are glad to 
see that the Senate of University College does not 
fall into the mistake of supposing that college edu- 
cation, even with the immense additional value 
which it would gain from this laboratory, can re- 

lace practical work in engineers’ offices or shops. 

t recognises that “it is only by this means that 
the student can obtain a thorough knowledge of the 
practical details of his profession.” College work 
‘*is designed to teach him those scientific principles 
and habits of thought and observation without 
which he cannot take full advantage of the oppor- 
tunities afforded during his pupilage.” This is as it 
should be. The college ont the office has each its 
own work, which each will do best if it make no 
attempt to do the work of the other. At what stage 
during a young man’s training it would be most ad- 
vantageous for him to attend the engineering labo- 
ratory, whether before or after his apprenticeship, 
is a matter about which no very decided opinion can 
just now be given. But besides its place in a com- 
plete course of engineering training, it seems to us 
that if it were found possible to arrange short courses 
of experimental work of a technical kind, extending 
over two, three, or four weeks, these might be 
largely attended by, and extremely useful to, many 
men (draughtsmen and others) who had not been 
able to go through the college curriculum, but whose 
special knowledge of certain branches of their work 
would be sufficient to enable them to profit by the 
work of the laboratory. 

We trust that before long the engineering labora- 
tory at University College neg be in existence ; 
once its practical value has fairly made itself felt, 
similar institutions will, no doubt, soon be looked 
upon as essential features of all our engineering 


NAVAL ENGINEERS. 
To THs EpiToR or ENGINEERING. 
Srm,—Will you kindly afford some of your valuable space 
to the following remarks concerning a class of naval 
officers which has been greatly misrepresented in a leading 


Engineer. 
In the said article the engineers of the Royal Navy have 
been grossly, even if inadvertently, misrepresented as re- 
gards both their professional and educational attainments ; 
the writer of the article ascribing to their inefficiency the 
large number of serious accidents which have happened re- 
cently to the machinery of Her Majesty’s vessels. 
The writer referred to-tremn his own statements—forms 
his opinion of the class from the nature of various letters 
he had received from naval i —relative to the 
lamentable accident on board H.M.S. Thunderer—and 
which he alleges to have been couched in illiterate terms, 
and to have conveyed crude ideas relative to the point at 
issue. 
Sir, everybody is, or should be, aware that there are 
ignorant persons in all classes, and that even the professions 
are not exempt from this rule. Strange to say it is these 
persons—forming the said exceptions—who are always 
ready to give an opinion, and that generally an adverse one, 
as to the qualifications of other persons. It would be 
peculiar if they did not show up in an editorial department 
when the public attention was so painfully directed to the 
Navy, as it was at the time of the accident above re- 
ferred to. 
The fact seems to have been totally ignored by your con- 
temporary, that for the past ten or twelve years the 
Admiralty has trained in a most careful and judicious 
manner a number of engineer students to fill the responsible 
positions of naval engineers ; and that, before receiving 
their appointments to the service as assistant engineers, 
they have been submitted toa rigorous and searching test of 
both their mechanical abilities and educational attainments. 
Allowing an average entry of thirty of these youn 
officers annually, there are now more n three hundre: 
highly trained engineer officers in the service. This fact is 
incompatible with the ohare of deficient education so 
sweepingly and thonghtlessly brought against them by The 
ngineer. As s the senior engineers, it is a well- 
known fact that for some years past none of them have 
been promoted to the responsible rank of chief engineer 
without obtaining an educational certificate from Dr. 
Woolley, a sufficient guarantee, I should think, of their 
mental culture. It is true that among the elder engineers 
there may be a few whose le 
cludes the possibility of their 
a modern education. 
This being so, is it fair to stigmatise the whole class 
as being ly educated, when this asseveration can only be 
true of one or two isolated instances at most? 
Apropos of the subject of misrepresentations, allow me, 
Sir, to recall to your mind the accident which happened on 
the Vesuvius through the bursting of an air pump, by which 
an engineer lost his life. Your contemporary displayed an 
inconsiderate precipitancy in attributing the accident to the 
want of knowledge on the part of the engineers in charge, 
and this while the inquest was pending. Is it necessary, 
Sir, to ask whether such was reprehensible conduct, inas- 
much as the Press generally observed a discreet silence on 
the subject, not only from want of sufficient evidence to 
foym an opinion, but also from a desire to avoid biassing 
the minds of the jury during the time they were Cory 
The evidence on that occasion conclusively showed that the 
engineers thoroughly understood their duty, which they 
performed with zeal and efficiency. 
With regard to the numerous accidents which have lately 
happened to machinery, it will be found on investigation 
that, in the majority of instances, the machinery was still 
in the hands of the contractors or of the dockyard officials, 
whilst, on the contrary, the machinery of ships ‘‘i 


ving received the benefit of 


in com- 
mission”’ is kept by the naval engineers in a state of 
efficiency. 
In conclusion, Sir, permit me to state that I do not 
wish to indulge in personalities, nor to entertain a 
spirit of retaliation; but I must say that the tenor 
of the article to which I have drawn your attention is 
such as to show that the writer is profoundly ignorant of 
the matter on which he is so loquacious, viz., naval en- 
gineering ; in fact, it must be apparent to every one connected 
with the service, that the said writer 1s suffering from com- 
pound ignorance, which, as you are aware, Sir, is the most 
painful kind to witness, that is to say, he is happily oblivious 
of the fact that he knows little or nothing whatever of the 
subject which has tempted him to write so many absurdities. 
By an insertion of this in your next issue, Sir, you will in 
the interests of truth confer a favour on the naval engineers 
generally, who are painfully alive to the mischievousness 
and inaccuracy of your contemporary’s opinions. 
Apologising for the length of these remarks, 

Believe me, Sir, your obedient servant, 
Sheerness, January 30, 1877. JUSTITIA. 
P.S.—To afford you an estimate of the accuracy of my 
statements I beg to enclose a few facts regarding the train- 
ing of engineer students for the Navy. 
The course of training (which extends over a period of 
six years) prescribed by the Admiralty regulations for 
engineer students is as follows : 
uring the first three years the students have to make 
themselves practically acquainted with the manipulation of 
the various machines in the fitting shop ; this period is 
equally divided between the bench and the lathe. 


The fourth year is spent in acquiring a general knowledge 
of copper smithing, moulding, boiler making and forging, 
and at some dockyards pattern making is added 


During the first half of the fifth year they are employed 
on the hulls of iron ships, so as to om spate 
. The 


article in last Friday’s issue of your contemporary The the 


h of service evidently pre- a 


For the greater portion of the sixth year (with the ex. 


tion of three months waien + yeeeet he drs 
office) they are employed on ships which are being engined 
(for the first three years) 


or repaired at the various d 

Out of the six years they attend 
the mg school two afternoons and three evenings in 

week. 

The fourth year, the school two afternoons, and the 
factory drawing office (where they are taught designing) 
three evenings in the week. 

The fifth and sixth years are wholly devoted during the 


dockyard hours to their practical studies, but at the same 
time they have to attend the school three evenings in the 


week. The studies embrace the following, in which they 
are examined half-yearly : ead 
, imum Number 
Subjects. of Marks. 
Arithmetic and mensuration... & 600 
Geometry (plane and descriptive) ... 800 
Trigonometry ... ae ten oe 700 
Mechanics and hydrostatics ... oe 750 
Conic sections, differential and in- 
te calculus ove ove a 750 
Geography and English history... 400 
Chemistry and physics se 600 
French ... ime oop 250 
6000 


Total ... ws re 

Besides this, students of over three years’ seniority are 
examined yearly by the engineering officers of the Ad- 
miralty, wieiien to their practical knowledge, the examina- 
tion consisting of three papers, the maximum number of 
marks of which is 2500. 

At their final examination for admission into the Navy 
the students have to obtain at least one-third of the educa- 
tional marks, and one-half of the marks for engineering, 
the maximum marks being (as above) respectively 6000 
and 2500. 

In addition to these tests, they have to perform what are 
technically termed “ trial P ml the execution of which 


would certainly task the abilities of a competent workman ; 
this at the hands of the factory officials. 
Next come the practical at the instance of the Steam 


Reserve, or naval engineers, and as a piéce de résistance, a 
viva-voce examination on the part of the chief engineer of 
the factory. After all this sifting, Sir, it would be some- 
thing marvellous if an incompetent or uneducated engineer 
sho — Her Majesty’s Navy from any of the royal 





HARTNELL’S GOVERNOR. 

To THE EpIToR OF ENGINEERING. 
Srr,—As in Mr. Hartnell’s letter, which appeared in 
your paper of the 12th ult., but one new argument is 
advanced, and that an entirely fallacious one, it would 
avail nothing to carry the discussion farther ; and in this, 
which will be my last letter, I will endeavour, with your 
permission, to sum up the case as regards the points at 
issue. 

In your original description of the governor appeared 
four statements, the accuracy of which quaiened 

1. That in the — governor, the power exerted 
upon a reduction of speed cannot exceed the weight of the 
balls multiplied by the distance through which they fall. 
I contend, that to reach this limiting value of power, the 
speed must not be ‘‘reduced’’ merely, but suddenly and 
completely annihilated. 
Mr. Hartnell first defended your statement by pointin 
out that ‘‘ cannot exceed’’ does not mean ‘“‘ equal to,’’ an 
shelters himself under the assertion that the sentence was 
**mathematically correct ;’’ but finding the shelter very 
limited, harks back and endeavours to show that if ‘‘ equal 
to’”’ cannot be supported, an “indefinitely near’’ approxi- 
mation to ‘‘ equal to” was what was intended. 
And here |it is very noteworthy that the gentleman who 
is so very severe upon what he designates as ‘‘ more than 
careless writing,’ should be betrayed into giving an 
illustration of the possibility of his assumed conditions, 
which, if found to exist in connexion with a pendulum 
governor, would by any engineer be instantly condemned 
and rectified, but which, with Mr. Hartnell’s governor, is 
perfectly incapable of existence. Suppose such a tightly 
screwed up throttle valve gland as Mr. Hartnell imagines, 
ing in mind also that in his governor the reactive force 
isa spring with, in the partic case under discussion, 
maximum and minimum pressures of 1291b. and 68 lb. re- 
spectively. If the gland be screwed up so as nearly to 
balance the maximum pressure of 129lb. when the engine 
has nearly stopped, the spring will overcome the friction of 
the packing for a very short distance ; but in doing so the 
spring extends phi y hens some of its power, very soon 
becomes too weak to move the valve, and consequently stops 
far short of the bottom of its travel. Here then we get the 
weight of balls, or in this case the pressure of the spring, 
not through the whole range, but through a small portion 
only. If, on the other hand, we Fg ao the stuffing-box 
gland screwed up till it nearly ces the 68 lb., or 
minimum force of the spring, then when the engine has 
sufficiently reduced its speed to leave 68Ib. of the 129 Ib. 
maximum spring force unsupported by the centrifugal force 
of the balls, the spring will overcome the resistance of the 
wor and go to the bottom of its travel with a force 
of 68 lb. only, only a part of the whole power claimed 
by Mr. Haxtnell, which, by his rule, should be the mean 
pressure 98.5 1b. multiplied by the whole range. Might not 
this approach be termed more accurately ‘‘ indefinitely 


distant’’ than ‘‘ indefinitely near’’ ? 

2. That the higher the balls rise the greater the power. 
This I refuted by a reference to the true parabolic governor, 
i speed, all positions are 


in which for a given 








schools. 


acquaintance with the construction of our ironcla 
remaining half is spent in the erecting shop. 


under the same condition 


constant 
common to the balls, they being 
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as if they were floating in a liquid of their own specific 
vity- 
orale Hartnell replies by wishing to exclude such a go- 
vernor from the discussion, and by saying that the original 
statement was capable of ‘‘easy demonstration,’’ but quietly 
over my invitation to demonstrate. 

8. That the arms are crossed in some governors to increase 
the power. } 

Since the cross-armed governor was intended to be, and 
is, a near practical approach to the true parabolic governor, 
this statement goes with the previous one. 

4. That a Hartnell governor with 3} in. balls, is equal 
in power to a gravity governor with 9 in. balls rising 2 in. 

Now if this statement was not intended to be a com- 
parison of the two governors with a view to the exaltation 
of the Hartnell, I should be glad to know what it did mean. 
Mr. Hartnell would have us believe that ‘‘ chance figures’ 
were selected merely to give the power of his governor. 
If so, why not give it simply in foot-pounds without any 
reference to the gravity governor? Try as he may, Mr. 
Hartnell cannot avoid the fact that the cube of 9 is about 17 
times the cube of 3} ; and therefore a gravity governor with 
3} in. balls will only have one-seventeenth the power of one 
with 9 in. balls. But you state that Mr. Hartnell’s 3}-in. 
governor is equal toa 9-in. gravity governor, and if so, it 
must be 17 times as powerful as a 3}-in. gravity governor. 
But Mr. Hartnell in your issue of December 22, 1876, says 
it is 2} times only. fines striven to show that even this 
claim is much too high as compared with the Porter 
governor, 1.33 times being more nearly the truth. 

Mr. Hartnell offers your readers some ‘“‘ elementary 
facts’? which I am very sorry to stigmatise as elementary 
fallacies. These are all based upon the primary error of 
considering the governor as stationary. It is not the 
governor stationary, but the governor revolving, which 
controls the speed of the engine, and if by any method of 
investigation based upon the qualities of a governor when 
stationary, results are obtained which do not accord with 
those accruing from another investigation based upon re- 
volving conditions, so inuch the worse for the first method. 

I do not wish to advance my method as the best or only 
one, but I do contend that any investigation to be of value, 
must take into consideration the features of the governors 
when revolving, in short under working conditions. 

I quite agree with Mr. Hartnell that some data published 
by the makers of governors would be extremely useful to 
purchasers. I would retain his figure representing per- 
centage of variation from mean speed, but for his foot- 
pounds value would substitute the following : 

When the governor is ing in equilibrium in one 
extreme plane of revolution, a certain weight will ne- 
cessary to lift it into the opposite extreme, as described in 
my letter appearing in your issue of January 5th. 

Take half this weight and multiply by the distance tra- 
versed, and the result will fairly represent the relative 
power of the governor under its working conditions. 

If Mr. Hartnell’s method and mine were applied to a 
sensitive cross-armed governor, the results would be ex- 
tremely different. 

T am, Sir, yours truly, 


102, Ickneeld-street West, Birmingham, 
January 22, 1877. 


“THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.” 
To THE EDITOR OF ENGINEERING. 

Srr,—My excuse for trespassing on the very valuable 
space in your paper to say a few words on the above subject 
is its importance, and the great interest with which I have 
peruséd the valuable paper written by Mr. Head, and the 
correspondence it has produced. 

I quite agree with Mr. Crompton, who wrote in your last 
week’s issue, namely, the very valuable suggestion of a com- 
petitive trial of the various kinds of small single-acting high- 
speed engines at present being used. 

The friction brake foot-pounds and coal consumption 
would soon settle the question of economy, and competent 
judges the question of durability and adjustment of wearing 


parts. 
Mr. Head has undoubtedly detected t defects in the 
anatomy of these engines, but I think he should have gone 
» little further in his examination, and noted other and may 
be greater defects which might be remedied. One I imagine 
to be very important, namely, the work imposed upon the 
pistons. Now we all know the importance of a tight piston, 
and in nearly all other classes of engines this member has 
only this one duty to perform, but in all these small single- 
acting engines the connecting rod is attached direct to the 
piston, and also in order to get the engine compact is made 
short, and so vibrates at a considerable angle, thus throwing 
an additional and heavy duty on to the piston, in fact 
making it a motion block; the piston must have quite 
enough to do at these high speeds if for any length of time 
it does its one duty properly, namely, keeps itself steam 
tight. Mr. Crompton says he has heard it hinted that some 
makers consider exhausting into the crank chamber an ad- 
vantage, as it allows leaky pistons to go unnoticed. Pro- 
bably some have spoken their innermost thoughts in this 
way thoughtlessly. The other advantage of lubricating the 
working parts by the waste steam they may loudly claim. 
The steam ports of all these engines appear to be un- 
reasonably long when com with other engines ; if they 
were shorter excessive cushioning would not be required to 
charge them with pressure at the end of each revolution. 
_ The revolving slide valves do not appear to admit of wear- 
ing adjus ts, and although they provide an means 
of reversing and stopping the engine, I do not see how any 
of them can be made to fulfil the duty in an efficient manner 
of the na ae valve in other engines worked by the 


C. G. 











link motion. t is to properly distribute th i 
‘ ‘ ly e steam in any 
be wey of expansion than that at which they may be 





The question of the action of the steam valve and the 
piston is the most important in the anatomy of all kinds of 
steam engines, and in high- engines the adjustment 
of wearing surface ; imperfections in these parts must be 
grave defects. Possibly a competitive trial might be the 
means of overcoming them, and bringing before the public 
a more efficient and economical small high-speed engine. 
The remarks I have made may be misinterpreted by some ; 
it may be said that this class of engine was never intended 
for exceptional economy, but merely to fulfil a want which 
they undoubtedly have done, of a small powerful chea 
engine. My meaning is that if they were also economi 
and durable a much wider field would be open to their use, 
and to prove this Mr. Crompton’s suggestion would settle 
all questions in dispute. 

I am, Sir, your obedient servant, 
THoMAS MESSENGER. 

Dour House, River, near Dover, Jan. 30, 1877. 


ENGLISH COMMISSION AT THE PARIS 
EXHIBITION OF 1878. 
To tue Eprror oF ENGINEERING. 

S1r,—In the list of Commissioners appointed by our 
Government, as published in your jo last week, I see 
no mention of the President of the Institution of Mechanical 
Engineers. Surely the Mechanical Engineers are a body 
of sufficient importance to be represented on the Com- 
mission. 

I hope itis not too late to remedy this, as mechanical 
exhibits will form a very large portion of the whole. 

Yours very truly, 
Rapa H. TWEDDELL. 
14, Delahay-street, Westminster, S.W., Jan. 29, 1877. 


STEEL v. CLEVELAND IRON. 
To THE EDITOR OF ENGINEERING. 

S1r,—In reply to your correspondent ‘‘ Cyclops” I 
cannot recognise from his letter the real reasons that have 
induced the North-Eastern Railway Company to urge the 
manufacture of homogeneous rails to be other than what I 
have already stated. 

I am perfectly well aware that it is absurd to ignore the 
pretensions ; I also have not the least doubt that this sub- 
= has engaged the attention of Mr. T. E. Harrison for 

he last twenty years, yet I still fail to see that Mr. 
Harrison’s pretensions, or even the result of his most 
careful attention to the subject; would have much weight 
with the engineers of note, whose experience has lead them to 
totally different conclusions. 

As far asthe weakening process of piling is concerned, I 
leave that subject to the experience of the Bowling and Low 
Moor Iron Works, who, I believe, produce their far-famed 
plate by frequent piling. 

And the case-hardening, as produced in Dodd’s furnace, 
simply destroys the nature of the iron altogether ; indeed, 
rails treated have frequently snapped like a carrot, when 
— bent under pressure (not .a blow) between 3 ft. 














rings. 

No one can have a higher appreciation of Mr. I. L. 
Bell’s fitness for the post of adviser on such a subject than 
has “ X. Y. ;’’ but looking at those works on the Tyne, 
and the Wear that have been standing rotting for years, 
he 4 a that Mr. Bell’s expectations are not always 
rea x 

And as a flat contradiction to the statement of ‘‘ Cyclops’’ 
that the price of homogeneous iron rails will be far beneath 
the cheapest steel, we have only to turn to a notice on the 
Cleveland iron market in Fa paper of the same date 
headed ‘‘A New Brand of Iron,” “ H. and C. Danks,” 
which is described as ‘‘ homogeneous iron made in the 
Danks revolving furnace from Cleveland —— iron,’’ for 
which they quote, taking into account this boasted 
cheapness of production, the modest price of 91. per ton. 

And now as to what ‘‘ Cyclops’ is pleased to call the 
personal phase of my letter, I have noticed of late in the 
correspondence on many subjects that those who are first 
to deprecate personalities are themselves most _—., 








CONTINUOUS BRAKES. 

We have been favoured with thefollowing communication, 
to which we hasten to give publicity. Our comments upon 
Mr. Yeomans’ letter will be found on another page. 

To THE EDITORS, PROPRIETORS, AND PUBLISHER OF 

ENGINEERING. 

S1r,—The attention of the Board of Smith’s Vacuum 
Brake Company, Limited, has been drawn to the article on 
continuous vacuum brakes contained in your issue of the 
19th of January. 

You will see by the enclosed letter of the sore. of 
Smith’s Vacuum Brake Company that the exceedingly 
strong statements contained in your article adverse to the 
merits of Smith’s vacuum brake are unfo ¥ 

As your article is calculated to cause serious damage to 
our clients we must beg that you will insert the enclosed 
letter of Mr. Yeomans in your next issue. 

Should you decline to do this, we are instructed on behalf 
of the company to take proceedings against you for the in- 
jury which your statements are calculated to cause. 

We are, yours obediently, 
. LINKLATER AND Co. 
7, Walbrook, London, E.C., January 31, 1877. 


To THE EpIToR oF ENGINEERING. 

S1r,—Referring to the continual articles in your paper 
endeavouring to prove the merits of the ‘‘ Westinghouse” 
brake as being vastly superior to all others, and the Smith’s 
vacuum in particular, also the severe reflections cast upon 
the latter, and those railway managers who have adopted 
it, I feel called upon to contradict in the most emphatic 
manner your injurious statements. 








Regarding your reports of the trials on the North 


a Se I deny the correctness of those trials from 


end. 
y reasons for this statement are : 
1. Mr. Westinghouse was allowed to work his brake 
under a pressure of about 100 Ib. to the square inch. This 
was not only cont to his printed rules issued to railway 
companies, wherein he instructs them to carry only 60 lb., 
but as every mechanical engineer should know, is not prac- 
tical, and can only be maintained while his pumps are new 
and in the most perfect order. I also doubt the Board of 
Trade authorising such a pressure ee stored underneath 
each carriage, and certainly would advise the public to 
avoid the risk of travelling in carriages so fitted an 
worked. 

2. My request to have one stop made by each train 
measured in the ordinary way was refused, and the whole re- 
gistrations of speed, distance, &c., were left to an instrument 
requii frequent changes of springs invented and worked 
by Mr. Westinghouse. This was manifestly improper and 
needs no comment. 

You endeavour in your articles to make a strong point of 
the Westinghouse brake being able to stop the train against 
the power of the engine with the steam on, although taking 
much more time and distance. Now any continuous brake 
will do the same thing, while the vacuum will stop a train 
as quick with the steam on as off. 7 experiments 
on lish railways have proved this, but the only official 
list I have by me is furnished by Mr. David Banderali 
(engineer in chief of the Chemin de Fer du Nord of France), 
J whom the trials were made upon his own line in 1876. 

ou will see there was practically no difference whether 
steam was on or off. 

The Table of stops is as follows, viz. : 


Voge Brake on Train of Twelve Carriages, Two Pair 
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My reason for not publicly objecting to the trials at 
the lunch table in Edi wy was that Mr. Drummond 
om + J and distinctly stated then and there that the trials 
would extend over a period of six or twelve months, and 
that no se would be given until such trials were com- 
pleted, and that these trials were to be continued and 
carried out under the supervision of Mr. McLaren who 
would report from time to time to the committee as to the 
working of the two systems. 

Mr. McLaren accepted the trust, with which I was 
perfectly satisfied, as I and still have ect confidence 
in‘that gentleman.. Had this been done, the decision of the 
North British Board of Directors would, I confidently assert, 
have been the reverse of that which it is now said that they 
have arrived at. 

The Midland Railway Company should be the persons to 
refer to as regards the working of the Westinghouse auto- 
matic brake, they having been identified with it from the 
first. No skill or expense has been spared to make it a 
success upon that line. Mr. Westinghouse and his assistants 
have been given every facility (which they have availed 
a hs of) to exert a constant and careful watchfulness 
over it. 

Still, with all this the Midland Company have not, as 
yet, found it worthy of adoption. Why is this? Because 
with all the care and expense it is impossible to keep it in 
perfect working order. It is a well-known fact that when 
this brake is in daily use it frequently goes on when not re- 
quired, and does not come off when required. 

I have altogether too good an opinion of the judgment 
and common sense of the locomotive and carriage superin- 
tendents of England to think for one moment that they 
will be led into adopting any such mechanism as a railway 
train stopper. Y 
And in the mean time I must beg that in common justice 
you will insert this letter. 

I remain, Sir, your obedient servant, 
D. M. Yeomans. 








44a, Cannon-street, London, January 27, 1877. 
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IRON PERMANENT WAY. 














WE annex engravings of a new arrangement of chairs 
and fish-girder joints for permanent way, designed by 
Messrs. Harvey and Roe, of Dowlais. Fig. 14 is a per- 
spective sketch, and Fig. 3 an end elevation of a form 
designed for use at the joint instead of the ordinary fish- 
plates and chairs, and in this form may be rolled or 
otherwise wrought in malleable metal. 

The parts 65' and cc! form the fish girders, which may 
be rolled to the forms 6 and c, adapted to form struts or sup- 
ports between the sole plates and upper shoulders of rails, 
and afterwards pressed to the forms 6' and c', so as to fit 
between the two shoulders of rails for a short distance 
along their centres, and allow of the fish bolts being used 
for the prevention of creep and lift at the joint, and 
allowing for expansion and contraction in the usual way. 

The fish girder cc! is held down to the two sole plates 
and sleepers by the ordinary fang bolt, a spike passing 
through it and the sole plate into the sleeper. 

The fish girder 5 b' is independent of the fastenings of 
the sole plates to the sleepers for the greater facility of 
laying and changing rails. If thought desirable the bolt 
e may be added for the better securing of the strut 4 to 
the sole plates, as shown by Fig. 5. The fish girders 54! 
and ec! may be formed to fit between both the shoulders 
of the rails for their whole lengths. 

Figs. 1B and 4 are respectively a sketch in perspective 
and an elevation of a form adapted for intermediate chairs : 
6 and ¢ are cast metal struts, or supports, with wide bases 
resting directly on the sleeper, and formed to bear first 
at the ends furthest from the rail, except where recessed 
for the sole plate d, at which part they would bear and 
abut against the sole plates at their ends. 

The strut or support 6 is fastened to the sole plate by 
the bolt e, which prevents rise in the rail, but for facili- 
tating the laying and changing of rails it is kept free 
from the bolt holding the sole plate or tie to the sleeper 
by having a hole in its base large enough for the head of 
the bolt or spike to pass through. 

The strut or side ¢ is held down by a bolt or spike 
passing through ic and the sole plate into the sleeper. 

The sole plate or tie dis made with turned up ends to 
receive the thrust and prevent the spreading of the struts 
bande. A recess in the sole plate receives either the 
nut of the bolt ¢, as shown, gr the head of the bolt e may 
be slid into the recess by having a notch cut out of the 
side, thus enabling the nut to be used on the top. 

The tightening of the bolt e would tend to camber the 
sole plate or tie, so that in effect it would form a spring 
tending to keep the sides firmly against the rail, inde- 
pendent of the tightening action of a passing train. In- 
stead of the bolt ¢ other equivalent means may be used for 
effecting this object. 

Fig. 4 shows a modification of this form designed as a 


Fig.6 









































fish-girder joint extending from sleeper to sleeper. Ina 
girder joint so made, fish bolts may be dispensed with by 
having nipples cast on the girders 5 and c, as shown by 


dotted lines, to enter the holes in the ends of rails, the | C.E 


opening of the girders being prevented by the bolt e, and 
any cant of the rail at the bottom in an outward direction 
may be guarded against by a projection f on the sole 
plate. Fig. 6 shows a somewhat modified form of joint. 





ELLIOTT AND BURNETT'S ECCENTRIC 
VALVES. 

We subjoin sections of a very neat arrangement of 
valve which is being manufactured by Messrs. Elliott 
and Burnett, of Stockton-on-Tees. The arrangement is 
so simple that a description is scarcely necessary, It will 
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be seen that the spindle by which the valve is worked 
has formed on it a cone working in a suitable seat, thus 
dispensing with packing, while at its lower end it carries 
an eccentric pin, which draws back the valve from its 
seat as the spindle is revolved. 








Swiss RarLways.—Some statistics brought down to 1873 


have just ap) in illustration of the position of Swiss 
railways at the close of that year. It appears that in 1873 
Switzerland had miles of railway, constructed at an 


cost of 96,001,000 The total income derived 
from this mileage in 1873 was 902,0001., or about 4 per cent. 








on the outlay. 











LonpoN ASSOCIATION OF FOREMEN ENGINEERS AND 
DrauGuHTsmMeEn. —At the sitting to 74" at the Society 
of Arts, to-morrow (Saturday, 8 p.m.), Mr. David Thomson, 
-E., will read a paper, illustra wit’ i ms, on 
‘* A Simple and Expeditious Method of Testing Condensing 
Engines.”’ Mr. Newton will preside, and non-members of 
the institution are invited to attend and share in the dis- 
cussion. The twenty-fourth anniversary festival of the 
institution is appointed for Saturday, the 17th of March, at 
the City Terminus Hotel. 


Tue SANITARY INSTITUTE OF GRBAT BRITAIN.—The 
Sanitary Institute proposes to hold a public meeting early 
in March next, at the Society of Arts, to consider the 
report recently issued by the Committee appointed by the 
President of the Local Government Board, upon the modes 
of treating town sewage. His Grace the Duke of North- 
umberland will preside at the meeting, and the discussion 
will be opened by Sir Joseph Wm. Bazalgette, C.B. 
Gentlemen desirous of taking part in the discussion are 
requested to forward their names and the heads of the 
subjects on which they desire to speak to the secretary, 
Dr. Lory Marsh, 11, Spring Gardens, S.W. 





Tue Gas Lieut AND Coxe Company.—According to 
the report of this company, recently issued to the share- 
holders, and made up to December 3lst, 1876, the half- 
yearly pro; has shown an improvement in nearly all 
matters, with the exception of those connected with general 
wear and tear, and the sale of coke. The increase of 
maintenance has been due to the works at Beckton, which 
having been in operation since 1869, are requiring both 
repair and renewal; the sale of coke has of course been 
influenced by the low price of coals reducing both its con- 
sumption and value. The dulness of trade in London had 
operated to prevent the increase in the company’s rental 
for gas proceeding at the usual rate, but improvements in 
manufacture and lessening of leakage, &c., had materially 
aided the net earnings. After providing for payment of 
interest on debentures, and other preference capital, the 
directors could declare the maximum rate of dividend, or 
the standard of ten per cent. on the ordinary stock of the 
company, and to carry forward a balance of 43,4261. The 
restrictions of the Company’s Act of 1876 prevented any 
portion of this surplus being placed to the credit of the 
reserve fund, as this could oa be done concomitant with a 
reduction in the present price of gas. Itis the intention of 
the directors to reduce from the first day of the present 
year the price to 3s. 6d. per 1000 cubic feet. This may 
possibly lead to an increased consumption, and to meet this 
contingency, the directors are adding both to the producing 
and storing power of the present plant. They are also 
endeavouring, by the largest-sized mains to improve their 
distributing power. Another and important point of the 
report was a cause of difficulty. The high standard of purity 
in the <> gas required by the gas referees, ha 
a : * Sage the —- of on - a Phe 
ying agent. This, while insuringjgreat purity, involves the 
com| in difficulty with vestries and other bodies, also 
private individuals, owing to the nuisance arising from the 
removals of the foul lime from the purifiers, which had led 


to legal proceedings against them. To free themselves from 
the itheaity the directors had resolved to — a Bill 
during next session in the hope of affording them relief by 


nng os 
allowing them to return to the method of purifying recently 
= , and we presume with the result of lowering 
e 


purity of the gas supplied. 
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THE COSINE GOVERNOR. 


CONSTRUCTED BY MESSRS. PLAMBECK AND DARKIN, ENGINEERS, LONDON. 




















UNIVERSITY COLLEGE, LONDON. 

THE following circular has been issued recently by 
University College, in reference to the establishment there 
¢ an engineering laboratory, or laboratory of engineering 
physics : 

a It has long been felt by some members of the Senate of 
University College, London, that the scientific training of 
engineers, such as it is intended that the engineering 
course of the college should supply, is incomplete, so long 
as it does not_provide systematic instruction in the experi- 
mental methods which serve for determi the numerical 
data employed in aguas calculations. The importance 
of such instruction is twofold. In the first place, the exact 
value of any numerical results derived from experiment, 
and the limits within which they may be safely trusted, can 
be rightly estimated only by those who have some practical 
and personal acquaintance with rimental processes of 
the kind employed in obtaining these results. This is 
especially true of data which, like many of those on which 
engineers are obliged to rely, are derived from experiments 
that have either been imperfectly made or imperfectly 
recorded, or which, although they may have been proper: 
carried out, have been made for some special and limi 
object, instead of as part of a general scientificinquiry. In 
the second place, engineers are continually called upon to 
deal with questions in regard to which some essential data 
are altogether wanting, and they are therefore very often 
compelled to make special experiments for their own 
guidance. It is obvious, however, that in such cases the 
probability of their obtaining accurate and trustworthy 
results would be much ter if their previous training 
had made them practically inted with the art of ex- 
perimenting and with the m that had been success- 
fully adopted by others in dealing with analogous questions. 

“* But, notwithstanding the — benefits which engineers 
might be expected to derive ical instruction of 
the kind here contemplated, it does not appear that it is 
provided, in more than a very partial way, at any existing 
ne Consens oie tn vineed of th: t importance 

“Consequently, being convi e great im 
of affording means for such instruction, and feeling that it 
would be of much greater value if given in connexion wi 
& systematic course of engi ucation such as already 
exists in University College, than if it were given in a 
special or separate institution, several of the professors 
who take part in the existing courses of instruction for 
engineers have, ry hye last few years, 


fal a repeatedly 
engineering Inboratory im the college, thi along practice 


fiuy had no immediate prospect of obtaining the 


















































“*In the absence of 
laboratory elsewhere, 
dividual operations it would be found m 
i to carry out; but, wi 
enter into details which can only be decided by 
: of the ey would be 


y experience of the 


be said that the work 
hly divisible into two main : 
The first would include such experiments as are 

ining the nig peeeene w 


the physical laws which 
ws 
rit ie caer 
on 
ts mechanical 


have to deal. For example, there would rcs 
on 

and upon the way in which 

tem: ; i 


ae of — ; 
gases and vapours, 
influen of 


abet an electricity, and o 
and many other oe whi 
of hh; la! 

sre 


well planned and 
ing constan' 


ments 
chosen with more 








of the kind that has been indicated 
specifically engineering 








which they are by the . ; 
special examples of this kind of work, the follo : 
operations may be mentioned : (1) measurements 
the deflection, stretching, or compression of bars, 


such as might be used in actual structures, with 


or crus. loads ; 
(2) experiments ‘on friction, with materials of the 
forms and at the velocities common in engi 
work; (3) measurements of the work spent i 
driving a machine and of the useful work done by 
it; (4) measurements of the heat of combustion of 
the fuel supplied egy eg gr te ne om 

wi 


relative advantagés of various modes of worki 
steam engines, ¢.g., at high or low pressures, wit 
or without condensation, with various amounts of 


' expansion, &c.; (6) experiments on the mechanical 


working can be made; (5) a collection of tested 
specimens, engineering materials, models of me- 
chanical combinations, models for instruction in 
mettThe building appeopsinted’ tothe laboratory 
‘*The building appropriated to the ra’ 
would require to contain a considerable number of 
separate rooms in ways suitable for 
operations of the various kinds that have been 
indicated above. It would also be essential to 
the efficient working of the laboratory that 


rooms for class lectures on 7) perker. Sec for ins’ on 
in mechanical drawing should in close a 
to those a for the ex; tal work. total 
es i = cae is estimated by Mr. 
Hayter Lewis, professor of architecture in the co A 

18,250 superficial feet. The following estimate of the 
robable cost of establishing the pro laboratory is 
ounded upon a detailed consideration of the separate items 
of expenditure as far as they can be at present foreseen, 
but it is ott, given as poor than oe : 

apparatus (i.e., apparatus for 
e fundamental physical measurements, 


and for measurements connected with £ 
heat and electricity) ... ste .. 4,000 
Testing ma chines (i. e., apparatus for ex- 
periments on elasticity and the strength 
of materia Is)... ase ia so yee 
Steam engine and boiler ... ati «1,800 
Other engineering apparatus and ma- 
chines is ss vee ie wF 2,000 
Specimens and models _... ied sas 800 
Total for* tus, i » Speci- 
mens, fhe, oen mo maeny 10,500 


ings, 18,250 superficial feet, esti- 
mated by Professor T. Hayter Lewis at 12,500 
“Tt ny ar Smstesios th, sltncught ee paiaiiny 
ma in conclusion e 
object for which it is sought to esteblish an engineer! 
in University College is an educational one, the 





of publishing from time to time the results of 


made determinations of engi- 

ts would not be lost sight of; and it is 
t in this way the laboratory might afford valuable 
ices to the whole engineering profession.’’ 





THE “COSINE GOVERNOR.” 


We annex engravings of a new governor, the invention 
of Mr. Edward Buss, of Berne, Switzerland, the inventor 
of the well-known “ Buss governor.” Mr. Buss’s new in- 
vention—which is being introduced here by Messrs. Plam- 
beck and Darkin, 171, Queen Victoria-street, E.C.—is 
considered by him to be superior to his former governor 
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in many points, and Professor Reulaux has in fact declared 
that the cosine governor ig the “best governor yet in- 
vented.” The invention proper consists of the discovery 
of a cosine pendulum, so arranged that the moment of its 
centrifugal force is for any angular velocity proportionate 
to the cosine of the angle of separation, and of the suit- 
able combination of such a cosine pendulum with a cross 
slide, thereby producing a governor which is absolutely 
astatic, to which however any desirable degree of stability 
may be given by simply altering two small pins. 

As will be seen from the engravings on gage 99 
(Figs. 5 and 6) the governor consists of a spindle or shaft 
A and two equal cosine pendulums B B (which are also 
shown. separate in Figs, 7, 8, and 9) and a sleeve C D. 
A flat plate a is welded to the upper part of the spindle A, 
this plate carrying the pin 6. A hole is bored through the 
spindle in the direction of its axis. The sleeve consists of 
two pieces Cand D connected by screwsecc. The lower 
part O is carried by the spindle, whilst a pin d, which is 
firmly secured to the upper part D, enters the hole bored 
in the spindle. The pin 6 fitting into the hole ¢ compels 
the sleeve to rotate simultaneously with the spindle, 
the latter carrying the sleeve along with it. The 
elevation of the sleeve is limited at the bottom by the 
collar f and at the top by the plate a, The pendulum B 
consists of an angular lever suspended by a long sleeve 
or bearing g, the ball A, the weight i, and the eye k. The 
pin / which passes through the eye & ends in an eccentric 
stud, on which a pulley m is mounted. As the plan shows, 
each of the bearings g of the pendulum is placed between 
two eyes nn on the lower part C of the sleeve, and the 
axis upon which each pendulum is suspended consists of 
a steel rod o fitting imto the eyes nn and passing through 
the bearing g of the pendulum, whilst each of the two 
friction pulleys m bears upon the horizontal plate a. 

If the two pendulums BB are caused to travel in the 
direction of the arrows around their axes 0, whilst the 
weight of the sleeve and the pendulums causes the fric- 
tion rollers m to press upon the plate a, the axes of the 
pendulum oo are caused to travel upwards together with 
the sleeve C D, whilst the eccentric studs of the friction 
pulleys describe horizontal lines. By turning the pin / 
the position of the eccentric stud is altered, and conse- 
quently the angle marked @ in the diagrams, Figs. 3 
and 4. The governor may thus be brought from a 
perfectly astatic condition to a degree of stability which 
corresponds with a difference of speed of about3 per cent. 

Governors constructed upon Watt’s principle and even 
that of Porter’s exerta very small amount of force or 
energy at small angles of separation, and at great angles 
they are almost immovable. Even at the angle of sepa- 
ration practically employed they produce both a very 
variable degree of movability and a very variable degree 
of energy. The movability of the governors known as 
“Proell’s” and the crossed arm governor is certainly 
greater, but on the other hand in the practical angle of 
separation it is still more variable than thatof Watt’s and 
Porter's. The Bussgovernor possesses at an angle of about 
20 deg. a very great movability or sensitiveness, and its 
energy is also not very variable, but the entire arrange- 
ment of the governor necessitates a considerable ex- 
penditure of material, which in nowise contributes 
towards the production of force or energy. It produces 
at an angle of total ration of 20 deg. only a very 
slight elevation of the sleeve, and necessitates somewhat 
complicated and inconvenient forms for the different parts. 

The cosine governor admits, practically and conveniently, 
of an angle of total separation of 40 deg. to 60 deg., and 
consequently of a very great elevation of the sleeve also. 
It possesses an almost equal degree of sensitiveness, and 
also exerts an almost equal amount of energy at any 
angle of separation, and in this respect it surpasses most 
other governors. The degree of sensitiveness may be 
varied as required from perfect isochronism to any de- 
sirable degree of stability. Excepting the spindle and 
the small plate a, the whole of the governor, including the 
pendulum rods, pendulum bearings, and other accessories 
contribute towards the production of energy, so that 
in proportion to its weight the cosine governor exerts a 
great amount of force or energy. 

It is not astatic or pseudostatic in itself, like the Buss 
governor and several others,. but it possesses rather a very 
great degree of stability, and becomes astatic or pseudo- 
static only by its combination with the cross slides, i.e., 
the plate a and the friction rollers or pulleysmm. The 
following is the theory of the governor we have been de- 
scribing as enunciated by Mr. Buss himself. 

Let A in Fig..1, page 99, be a rotating pendulum sus- 
pended at point C, which turns round the verticat axis Y Y 
with an angular velocity=w. 


Let 
4: Ya Gs be the material points, 
: @, @, @and yy Ys Y 
their rectangular ordinates. 


1, l, Js their distance from point C 
1 ?, their angles of separation, 
and M, indicate the momentum of centrifugal force there 
immediately results from Fig. 1: 


c= “3 {a (r+) Vite (PAHs) Yate } 
=" fes@y+3@ey) } 
g 


=P {r 3 (at eos. P+3 (QR sin, ? cos. #) }- 


IM. =“ {rs(qt cos. P+ (4 Tain. 2 9 }. 


If a rotating pendulum be taken in which the ex- 
pression 


z (a 5 sin.2 0 
| be for any angle of separation equal to zero, then 
(1.) = q ?sin.2 (o+@} =0 


in which @ indicates any angle at which the whole 
pendulum has been removed from its primitive position A. 
From the equation (1) results 


(2.) 3 (q Fim 2 00s. 2 9+ 3 (q 5 cos. 2 ©) sin. 29 


=). 
and, as according to the hypothesis 
2 
(8.) . 2 (q Sein. 2 9)=0 


it is then necessary, in order that the equation (2) be com- 
plied with for each angle @ that also 


BD terse 3(q5 cos. 2 P)=0. 


From (3) is obtained 
> (q ? sin. 2 cos. ?)—0 
or 
a « 6g Sl | (RK wy a8. 
From (4) is obtained Kes 
x{q I? (cos.2 2 — sin.? ?)} =0 
or 
= (q Peos.* %)—3 (q F sin.? $)=0, 
whence 
III. : . > (¢ y*)—= (q &?2)=—0. 
Thus, if in the case of any rotating pendulum, and in 
any primitive position of the pendulum, that is to say, for 
6=0 the conditions in IL and III. are fulfilled, and for 
each of any angle @ there will be obtained : 


=@ z sin. 2 ?)—0 
or according to equation L: 


. =r 3 (a 100s. ?) 


Me =“2r 3 (qy). 


Let A, Fig. 2, be a rotating pendulum of whatever 
form, for which the conditions expressed in the equations 
IL. and IIL. are not fulfilled, and let, for instance, for A 

3 qey=C 


= (¢ #*)—3 (q y*)=D 
any body B may then at any time be attached to the 
pendulum A, for which is obtained 
2 (qey=—-C 


IV. 


and 


and 

= (q a 
The two bodies A and B combined fulfil then necessarily 
the conditions expressed in IL. and IIL, and we have con- 
sequently according to the equation IV., for a rotary 
pendulum combined with A and B the expression : 


2 
= r=(qy); 


or, 
Me = w* Q. rh, 


supposing Q to indicate the weight of the pendulum and 
h the vertical distance from the centre of gravity S to 
the point of suspension. 

Now if the angle of separation «| be understood to be 
the angle formed by the line of communication between 
the centre of gravity and the point of suspension with 
the vertical, and s to represent the distance calculated 
along this line between the centre of gravity and the 
point of suspension, so that : 

h=s cos. ») we obtain, 


Vv. ‘ ‘ . Me = “.Q. 1.8, cos. aL. 


In this equation for a given pendulum Q, r, s, and g, 
are constant magnitudes. For a constant 
w, the moment of centrifugal force is consequently 
proportionate to the cosine of the angle of separation. 
Thus any rotating -pendulum fulfilling thé conditions 
expressed in IL. and If. may henceforth be designated as 
a cosine pendulum. 

In Fig. 3 let A be a cosine pendulum suspended at C, 
and turning around the rotating axis Y Y. Let it be 
supposed to be attached by the stud or pin a,and the 
sliding piece 6 with the slotted arm K. Again let Q be 
the weight of the pendulum, G the weight of the slotted 
arm and let the angle a c s be={, then in order to obtain 
an equilibrium it is necessary : 


Qe er. $. cos. Y—G 9 sin. (+8) —Q.s. sin, J=0 


5A Q wma -8 008 ~G.9). sims spoos. B— G-9 . 


Let 8 be bon 1, ey 
G.9 cos. B+ Qs =, or that 
- cos. 8B = — GG it results from 54 
Qe +.8.008. y= G-9 sim. Boos. ) 
whence 
VIL« ° q 


vi“ 


a G.9.sin 8.9 
Q.r-s. 


w? 








As in the equation VIL“ the limb to the right is a 
constant power and does not contain the angle .), w is 
constant for any angle of separation, i. ¢., the govenor is 


for 
Q.-s. 


or completely astatic (isochronous). 

In the arrangement shown ir Fig. 3, the supposed B 
is fixed, whilst the slotted arm K is capable of moving in 
a vertical direction. If on the other hand, as is the case in 
Fig. 4, the slotted arm is stationary in a vertical direction, 
whilst the supposed part B is capable of moving in an up- 
ward or downward direction, we obtain the arrangement of 
the apparatus which should be employed in practice. 
Then supposing G to represent now the weight of the 
support B, the conditions of equilibrium will be: 


ry Q.r.s. cos. Y—(G+Q)9 . sin. (Q@Q—))—Q. s sin. 
v=0. 
58= Q “ +.8. cos. Y—(G+Q) 9. sin. 8 cos. + 
{ore 9 sin cos. B—Q.s. sin. Y=0, 





cos. B = — 


or ag 
(G+Q) S . cos. B-Q. Bs =0, 
or 
VI" ° b = _Q. bd 
Le Q)3 
VIILF . w? = (G+Q)9 sin. B.g 





Q.r.8. 
That is to say, the apparatus is in this case again for 


a given angle £, viz., for 
. = x 


cos. B= > 
— e G+Q)3 
or perfectly astatic (isochronous). 

As the two formule VII.4 and VII." do not contain at 
all the angle ~\), the two apparatus are perfectly astatic 
(isochronous) for all the angles for an entire rotation 
around the axis c. 

As each of the two apparatus is only astatic for a given 
angle 8, while a change in the angle Q causes each time 
stability fora half a revolution, and instability for the 
second half of the revolution, the degree of movability 
in the second arrangement can be changed as may be 
desired by altering the angle @. 

From the equation 5 » results 











on r.s=(G+Q) 9 . sin. B—(G+Q) 9 cos. 8. tg V+ 
Qstgy, 
or for 
=. 
a 7.8. =e 
VG 
(G+Q) §. sin. B—(G+Q)9. cos. B. tg. a ‘ 
For the Pan as already Baht AO if 
example : 
G=3 Q and $=}s, 
whence 





w=0 V Q.s.(6.sin B—6 cos. B.tg Ytigy) 


w—0! V 6sin. B—6cos. Btg.V+tgy 
and according to the equation VI.8 it is necessary, in 
order that the governor be completely astatic, that : 











— Qs 
cos. HW ————- = 
8 4Qts 
B=80° 24 21” 
| For any greater angle § the governor is stable, say, for 
instance 
; B=90", 
it results 4 
w=—0' ViFtg Vy 
and for the constant 
o'—_100 
2.4495" 
Hence is obtained the following Table: 
Angular 
¥- Velocity w. v: Velocity w 
deg. deg. 
0 w=100.00 if w=—100.00 
—10 w= 98.52 +10 w—101.46 
—20 w= 96.92 +20 w=102.99 
—30 m= 95.07 +30 w=—=104.70 
—40 w= 92.74 +40 w—106.76 
—50 w= 89.52 +50 w—109.48 
—60 w= 84.34 +60 w=113.52 
—70 w= 73.63 +70 =120.74 
—80 w= 23.41 80 w=139.47 
—80° 31'16”"; w= 0.00 +90 w= © 














If the word energy for the sake of greater simplicity 
is taken to mean the force which is exerted on the sleeve 
for an alteration in the. speed of 1 per cent., this energy 
is proportionate to the moment of the centrifugal force 
or to. the cosine of the angle of separation. If, therefore, 
the angle of total.separation given to the pendulum is 
from — 20 deg. to +-20 deg. the figures : 

Cos. —20 deg. =0.93969 

Cos. 0 =1 and 

Cos. + 20 deg. =0.93969 
represent the proportional figures for the energy in the 
three principal positions of the pendulum. The energy 
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Fes. 2, £877.) 101 
in the two extreme positions is, therefore, about 6 per 1 2 3 
cent. less than the maximum value corresponding to the | 4 ‘ . : : ae , ad uu 
mean position. “Phil t Z - c=) a 2 wa ae 
It will be immediately seen by the Table that even for yr et being Messrs, Fair- By E 2 ag g E z : 4 - £8 ae 
an angle 8, in which the apparatus becomes very static, | bairn and Tate's Experiments. 3 . D E pe on | ass > g a4 & 2 
and even for a separation of from —30 deg. to +30 deg., Be | $s “iy | Bo> wow 5m Seo 
Sw. ‘ gs 8 2 £..3 neg & |x =o Eos 53 gS 
the value —,. is approximately constant, or that pro- Ss ge¢ S «i : i 5 as abs q et z 5 FH 2 e§ 4 22 3 
“ 3 ° ° a 4 © bos € os i a Ss 
portional angles of deviation correspond to proportional 3 3 FS pees ef: ox ad 1 Fs 3 |bgan $25 | 38 g 25 
E Af 5 Sag | otra d I> | one. Cer BS; | Bes 
changes of speed. . 53 3 BES $20x gi Cee sae En E53 nie 
~ = a rm 
Kee gas g3"1 = is “eZ pas Seed é ge | s 
ef y 2g 2K se 25 @ syes aes Sob c | 
THE SPECIFIC HEAT OF STEAM. E & : é a a2 | S33 B3 is a3is | a |. 33s a2 f 
2 ne ee is dint ta Pn de AO ede ae A Mee peek Ree en nel eet ee 
ments was to discover the ratio of the volume of saturated ig a ae of sseian Cine jis os Races Tents sittin 
—_ ~ bees Be pox eee eee 8.62 155,33 5333.5 1129.3 67.176 1062.12 5347 67.51 1061.79 87.29 1024.51 
rated && vai ry th xed Table give the results of 9.45 159.36 4920.2 1130.6 68.094 1062.5 4896 67.77 1062.83 | 38.27 1024.56 
Columns 1, 2, 3 of the annexed Table give the results o 12.47 170.92 8722.6 1134.07 67.984 1066.09 0 3752 68.52 1065.55 | 41.03 1024.52 
their experiments in full. 4 : 12.61 171.48 3715.1 1134.24 68.608 1065.63 D 3712 68.56 1065.68 | 41.18 1024.50 
Messrs. Fairbairn and Tate give the following formula, 13,62 174.92 3433.1 1135.29 68.579 1066.71 E 3448 68.78 1066.51 | 4199 1024.52 
in which the two dependent variables, the pressure and 16.01 182.30 8051.0 1187.54 71.536 1066.0 F 2954 69.26 1068.28 | 43.77 1024.53 
the Telume, appear fogeter: mes | Me | sas | Bae | Rte [me] aes SS | ioe | 
49513 J 198.7 5 I eve 20: 70.33 072.2 : ms) 
V = 25.62 
+ P+.72 : 29.898 212. ose ooo ane oe 1626 71.19 1075.41 50.99 1024.52 
V being the specific volume or ratio spoken of above, and é 
P bung he presume in fochet of erowry. OT merely] S2eh | gates | ity | eee | Thay st, | muse | esas tases | ent 
mention this as a useful formula, but make no further 55.89 245.22 892.5 1156.73 73.053 895.9 73.34 1083-89 -|---68.87 1024.52 
mention of it in this letter. P 66.84 255,50 759.4 1159.87 74,387 756. 74.01 1085.86 | 61.35 1024.51 
My first endeavour was to calculate from Messrs. Fair- 76.20 263.14 649.2 1162.19 72.448 667.5 74.5 1087.69 | 63.17 1024.52 
bairn and Tate’s experimental data, that which appears to 81.58 267.21 655.3 1163.43 78,005 ve 626.1 74.77 1083.66 | 64.16 1024.50 
mei he the tre cis ha of saa sag | Beh | ks] HH free, | tame | aes | et | mente | seh | ate 
: . . 71 . 9 75.17 090. 63 . 
M. Regnault says the total heat Q\) of aqys wae 92.23 274.76 584.4 1165.74 78.936 1086.8 J 557.2 | 75.27 1090.47 | 65.98 1094.49 
A=606.5+-0.305 T, : 99,60 279.42 515.0 1167.16 75.191 1092.04 K 517.9 75.56 1091,6 67.08 1024 
va Hi degte Fates Greet atormak booee| Hing | dees | ig | ene | ia | MASE}, | || Mel ge | eee 
. are ‘orm’ mes ’ } ’ ; . 76.0 ! ¥ 
alas pete ad 1081 . T 114,25 288 25 449.6 1169.84 75.228 1094.61 N 454.8 76.14 1093,7 69,22 1024.48 
A=1081.94-+-0.305 T, 
: 22.25 292.5 K . , 426.5 76.41 094, , ‘ 
where T represents the number of degrees counting from 1 3 433.1 1171.16 77.541 1093.620 1094.75 70,23 1024.52 
zero Fahrenheit. 
By means of this formula, Column 4 of the Table was ‘ . . wae . ‘ , . A A 
‘ af volume in a vacuum without doing work until it occupies With the object of what this constant is Column 8 
calculated ; the figures in it representing what Regnault | tne volume of a pound of saturated steam st T,. The | was.caloulated, showing what amount of heat is utilised in 


calls the total heat of steam qrsupenting > the tempera- 
tures in Column 2. A certain portion, however, of this 
total heat (as in Mayer’s investigation) has been utilised-in 
forcing back the pressure of the vapour through the cor- 
responding specific volume. The amounts thus utilised 
have been calculated from Columns 1 and 3, and the 
results given in Column 5. 


If the amount (taking any ieular example) so utilised 
were deducted from the total heat as youl | ult’s 
formula, we should get at what might be ed the true 


total heat, or the heat which would be needed to turn a unit 
weight of water into saturated steam ina vacuum. 

This has been done for fifteen of the cases and the results 
given in Column 6, to which results for reference the letters 
ABCD, &c., have been added. 

The specific heat was then approximated towards in the 
following manner: The rise in temperature between A and 
H_ may be found from Column 2, the meen. | of heat 
added may be found from Column 6. The second quantity 
divided by the first gives the specific heat between those 
two limits Aand H. The same process may be gone 
through between A and I, Aand J, &c. The following 
Table is given showing the various results so obtained : 

















A B 0 D E F Ga 
H | .23913 | .24445 | .23667 | .24273 | .24014 | .26870 | .25365 
I | .26719 | .27830 | ..26971 | .27609 | .27378 | .80374 | .29188 
J | .20665 | .21057 | .19944 | .20498 | .20122 | .22496 | .20784 
K | .24111 | .24604 | ,23917 | .24524-| .24239 | 26813 | .25472 
L, | .23458 | 23917 | .23177 | .23709 | .23517 | .25898 | .24544 
M | .24045 | .24505 | .23855 | .24367 | .24152 | .26527 | .25275 
N | .24444 | .24971 | .24308 | .24818 | .24618 | .27003 | .25793 
© | .22959 | .23369 | .22638 | .24785 | .22881 | .25057 | .23784 


























_ The average of the whole 56 quantities is .24457. Throw- 
ing out all the values opposite the letters I, J, F,G as 
being extreme values, the average of the remaining 30 
mantities becomes .2400667, or, say, .2401. .2401 may, 
therefore, be taken as an approximate value of the speci 
-_ of xo when the change ¢ volume due to a change 
of temperature is unaccompanied by the ormance of 
external work. ve xf ” 
sil en I pd make an assumption bene a true 
or a perfect gas as experimentally prov Ga: 
Lussac and Joule, but Iam not aware that it hes been 
proved to be so for steam. 

I assume that saturated steam expanding into a vacuum 
undergoes no change of temperature. Joule proved this for 
air, allowing it at a pressure of 20 atmospheres to expand 
into a vacuum, and he found no change of temperature. 
Upon this assumption and with the aid of the specific 
heat .2401 I now proceed to determine the a volume 
of steam for all temperatures, and to a rule for finding the 
true total heat of steam at any temperature. The total 
heat in a pound of saturated steam at any temperature 
T,° Fahr. is = 1081.94+-0.305T,, and further assumin 
1 Ib. of water to occupy 27.69 eubic inches, 772 foot- 
pounds as the thermal equivalent, putting Sv, for the 
Specific volume, and P, for the pressure of the vapour in 
pounds per square inch, then, 

_,, (002989 x 8 uv, x P; 
ror en aieiens = pushing the pressure through 
ic volume, e true to i 
7 at Te Pahr cnale tal heat in a pound of 


1081.94+-0.305T, —. A 
wa te Sette tome ce -—+-09 
1.94-+-0.305 T, —.002989.'Sv,xP. . ° . 
A pound of saturated steam at a tem Pt 
formed in & vacuum would contain an am: of heat which 


amount of heat in it remains unchanged by the alteration 
of volume, and the ponerse remains also unchanged, 
viz-, T.°. Consequent ly the pound of steam at its new 
volume is superheated, for to retain it as a saturated vapour 
the temperature should be T,° whereas it is T,°. It is 
superheated T,’—T;°, and therefore. contains (T,°—T",) 
.2401 units of heat more than is necessary to hold it as a 
saturated vapour. 

If, therefore, we deduct (T,—T,) .2401 units from the 
amount of {heat contained in the saturated vapour at T,° 
we 8 the amount of heat contained in the saturated 
vapour at T°. But formule A and B above tell us. what 


305 T,—.002989 Sv, x P, —(T, —T)) .2401 = 1081.94 + 
.305 T;—-.002989 S x, < P!, whence : 
$ p— 0649 (T, —Ti)+.002989 S v, x P, 

002989 P, 
where P is the tension in pounds per 
specific volume and T the temperature in degrees Fahrenheit 
counting from zero. If, however, P had been in inches of 
mercury the formula becomes 
0649 (T’, —T,)+-.0014647 Si v P, 
aii ool Sa" aapeeliy” igned to SuXxP 
If an ue Co co! ly assi ix Pi, 
ne a cae ae —_ us to ro wage en c 
volume correspo any pressure, or to any tem 
ture by referring to a table of tensions. In order to do 
this approximately correctly the specific volume at 300° was 
calculated for 22 out of the 23 experimental data given by 
Messrs. Fairbairn and Tate. : 

T, was taken — 300 P,=136.72 (Dixon’s Tables), T, Sv 
and P, being each time taken from Columns 1, 2, and 
8. The result was an average specific volume at 300° 
Fahr., and 136.72 in. maximum pressure of 385, and throw- 





uare inch, Sv the 


Svs" 





ing out five extreme values the average of the remaining 
37 savin bovema tak Recurring to the general formula : 
Se __ 0649 (T»—T,)+.0014647 8, vx P, 
“er 0014647 P, 

for T, substitute 300, for So, 384, and for P, 136.72, and 
we get: 

x 9 vp 0640 Ts +57.42 
eee ‘ *~ 0014647 P, , 

pp e accen ts : 

sie § p—'0649 T+57.42 
- 0014647, P 


By means of this formula the specific volumes for all the 
nee at — my mac Rew a Tate made 

eir experiments, were ca) 4 are given in 
Column 7 of Table. 

The figures in Column 7 deduced from the formula will 
be seen to be in moderately close accord with those found 
sxporimemnalivy and given in Column 8. 


turning now to formule A and B, instead of writing 
g | out the total heat expression at full let H_ stand for 
oe total heat at a temperature T, and H, for that 
at Ti. 
Then 
; H,—(T,—T;) .2401=H, 
calling .2401 .s z h. = ‘ 
—T, sp h=H,—T,s ph 
ond cleolien 2 2p l Sp 
Hn— h=constant quantity. 


ns p h=H,—T\s 
Or the tras total heat, shines £ specific heat multiplied ly 
the number of degrees of temperatures is equal to a constant 


bas oy A 
The total heat here spoken of is Regnault’s total 





is given by formula B. Now let 


bh 3 ba “ys =o. 
this st | ‘te teat, minus the heat. utilised in lifting the pressure through 


volume. 





these last two amounts are; using them we get 1081.94+- - 


raising the pressure th: h the specific volume, making the 
8 ; ific ae from Column 7, and the pressures from 
umn 1. 

The figures in Column 8 were then deducted from those 
in Column 4, and the results placed in Column 9, which is 
consequently a column showing the true total heats at the 
temperatures observed by Messrs, Fairbairn and Tate. 
Column 10 contains a series of quantities found by multi- 
plying ee specific heat (.2401) by the number of degrees of 

mperature. 

T in Column 11 are found by deducting those 
in Column 10 from those in Column 9. 

The constant so found is 1024.5, 80 that the true total 
heat of steam, that is the amount required to conyert a 
posed of water at the freezing point into steam at a 

mperature of I° ina vacuum is “+ 

1024.5-+-.2401 T, 
- T being the degrees Fahrenheit counting from zero (not 
‘reezing.) 

The constant 1024.5 might have been determined directly 
from the general formulz, but the calculation of Column 
ll 7 vi 3 as <2 ae =i tions. 

general form ‘or the specific volume is : 
0649 1457.42 

.0014647. P 

And ry SoxE Sea of heat ps agar: beg 
raising ressure the specific volume, thi 
quantity—0649 T+-57.42. in 


J. C. GRAHAM. 


RicumMonD Warer Supriy.—The miseries of the 
householders of Richmond, Surrey, seem to have risen to 
a pitch beyond endurance. A meeting was held last 
week to discuss the position of affairs and the policy of the 
Richmond Select Vestry and the Southwerk and Vauxhall 
Water Company. For many years past the town has been 
supplied by this company, but disputes having arisen 
between the latter the vestry it was resolved to en- 
deavour to get an independent supply. The com; has 

to supply water, and the supply provi by. the 

vestry is not yet complete and consequently deficient. The 
was noisy, as might expected under the 
circumstances. The chairman in opening the proceedings 
warned the meeting that as Richmond isa residential place 
for the higher classes it was a vital question to the rate- 
porers, if they did not make the place fit to reside in 
ey would soon see a good deal of their property deterio- 
rated. much uproar another chai was ap- 
inted and various resolutions and amendments pr § 

n the discussion that followed it appeared that the vestry 
ccofingn sapiens th wate cupete.” i tolled ooribane 
watercompany. A m certificate 

was read as to the health condition of the town, which was 
very favourable, but still it was me ome necessary that 
an a t and pure water supply be got as early 
as possible. Analyses of the proposed supply gave good 
we Even ty nes — acy, tn the ot eo — 
i sympathised with the vestry, in ‘orts made 
by the Water Committee, the time had A L.: when an 
ulequate supply of water from some reliable source should 
be obtained, as the present supply had proved absolutely 
— ient, ame occasioned ree and distress. 
uestion uently me one of an engineer- 

ing + ome al and it will befor the professional advisers of 
the select vestry to suggest some additional source of water, 
obtained by wells or , to remove the com ts 
that are very justly directed against the local authorities 
who have evidently been remiss in their duties, having had 
lenty of notice that the water company long ago intended 
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to stop the supply. 
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THE CONEMAUGH VIADUCT. 


THE AUTOMATIC CURB SENDER. 


TuE object of the automatic curb sender or trans- 
mitting key is to gain speed in working through 
long telegraph cables. This is effected by the in- 
creased precision of purely mechanical or automatic 
sending over hand-sending, and the curbing of the 
signals themselves electrically, It is well known 
that the progress of a signal through a submarine 
cable is retarded by the inductive action of the earth, 
and that it reaches the receiving end of the line in 
the form of a wave or, “curve of arrival” —so 
termed by Sir William Thomson in his paper to the 
Roqel Roslety, 1 855, on this subject. In this paper 
Sir William Thomson showed that, given the nature 
of the current used and the time of contact with the 
cable; the “‘ curve of arrival” for any line of given 
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capacity, resistance, and length, could in each case 
be calculated and graphically represented. 

At the first moment after contact with the battery 
at the sending end, no perceptible effect is noticed 
at the receiving end’; then a very feeble indication is 
given, and this gradually increases to a maximum, 
then falls away again to nothing. The interval of 
time before any effect is observed at all by a deli- 
cate mirror galvanometer, is, for the French Atlantic 
cable, about a quarter of a second, For cables in 
general the wave of arrival reaches the maximum 


after an interval of about ten times the period of | P 


initial quiescence. For the French Atlantic the wave 
would therefore reach its maximum in about two 
and a half seconds after the battery contact was 
made at the sending end. : m 
When the wave is left to traverse the cable freely 





to earth at the receiving end it rises rapidly at first, 
but is rather hog-backed in form and slow in passing 
the maximum, The last half of the wave is exactly 
similar to the first. If, instead of allowing the wave 
to proceed freely along the cable to earth at the re- 
ceiving end only, the sending end of the cable be 
also put to earth immediately after contact with 
the sending battery, then the wave of arrival will 
be greatly cut down and the top much sharpened. 
The two halves of the wave will no longer be alike. 
The first half will still rise rapidly, but the last half 
of the wave will be long-drawn out. It is this 
‘‘ tailing out” (as it is called) of the signals which 
80 greatly retards the speed of working in the ordi- 
nary method ; and it was to overcome this difficulty 
that the curb sender was invented. 

Instead of putting the line to earth immediately 
after making contact with the » a8 is done 
by the ordinary sending key, the curb sender puts 
the line to the other pole of the battery, the 
ng oe is oe. bong marked, a 
partic e of curbing effect is regulated b; 
the duration Of the contacts with the battery. The 
second or curd contact is shorter than the first or 
signal contact. , 

If the duration of the curb contact be too great 
in proportion to that of the signal contact, the 
curve of arrival will cross the zero-line and produce 
false signals of an opposite kind to that of the 
first contact. It is necessary, therefore, for any 
particular cable to adjust the lengths of the two 
complementary contacts of opposite name, which go 
to make up each signal, so that a simple deflection 
may be produced either to one side or to the other of 
the zero of the receiving instrument. In the siphon 
recorder (see ENGINEERING, August 11th, 1876), the 
curves of arrival, or signals, are actually drawn by 
the siphon pen on the wagons | tape of paper, on 
one or other side of the central zero-line. In the 
mirror galvanometer the signals are flashed by the 

t of light on the screen moving to one or other 
side of its zero position. 

Instead of two complementary contacts the pro- 
per curbing effect may be produced by a series of 
such successive contacts suitably adjusted to each 
other, It is well known that condensers have 2 
certain curbing effect on cable signals, inasmuch. as 
they transform a continuous current into sudden 
induced impulses, Although the curb-sender curbs 
independently of condensers, still when condensers 
are used in connexion with it their effect will be an 
additional gain. 

It is obvious that in order to render curb sendin 
effectual the utmost precision of action is requi 
The contacts must be made and broken at definite 
instants, and the rate kept as uniform as possible. 
To effect this, hand sending is manifestly too un- 
certain, and recourse must be had to automatic me- 
chanism. In the curb sender the driving power is 
derived, through the medium of a wound spring, 
from the descent of a weight. The spring gives 
out the energy of the falling weight second hand, 
and it is introduced in order to maintain the rate 
sensibly uniform while the weight is being periodi- 
cally wound up. The order in which the electrical 
contacts are made and broken, and the signal cur- 
rent admitted into the line, is determined H a tra- 
velling strip of punched paper. The idea of using 
perforated pee for automatic sending in telegraphy 
appears to have originated with the late Alexander 
Bain, who probably adopted it from the cards in the 
Jacquard loom,’ It has been turned to good account 
by Wheatstone in his automatic transmitter. The 
message to be sent is first punched out on a paper 
tape in two lel rows of small holes. e 
holes on the right correspond to the dash signals of 
the Morse code; those on the left to the dots. 
Proper spacing between letters and words is, of 
course, eomewts’ A third row of smaller central 
holes in regular succession serves, by means of a 
spur wheel which works into them, to pull the tape 
at a uniform raté through the sender. Each dot 
and dash hole is éxactly opposite a central spur 
hole. 

Figs. 4and 5 show the punched slip and the rim of 
the spur wheel with the row of spurs a b. By the 

of this tape through the sender the o: of 
the electrical conta¢ts is determined, ‘' When,” 
says Mr. J. A. Ewing, “ either a right or a left hole 
asses under one of two prickers, the corresponding 
pricker descends into the hole, and by doin so lifts 
the end of a ag into a rim of a wheel, which 
revolves once during the time occupied in the pas- 
sage of one space in the punched paper. The spring 
so caught remains in the rim of the wheel during a 
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plete revolution, and while it remains there 
an electrical connexion between the battery 
and another set of springs. The latter set are 
acted on by a double cam, which revolves in the 
same time with the above-mentioned wheel, and by 
the contacts made during its revolution sends first 
the current from one pole of the battery, and then 
from the other pole, during a somewhat shorter 
e, into the cable. If the spring acted on by the 
on the left hand is raised. the first current 
from the copper pole, and the second current 
ig that from the zine pole ; if it is the pricker on the 
right that has entered.a hale in the paper, the se- 
of currents is opposite to that just given. 
us an operation, of reversal of currents takes 
place during the e of every space in the paper, 
mt whether the si current is to be ‘ copper’ and 
curb,current ‘zine,’ or vice_verad, is determined 
by ~whether the pricker has fallen into a hole on the 
left side of the paper or on the right.”* 
The, governor regulating the speed of the 
moving parts is both novel and ingenious. It is 
shown in Fig. 3, where A is. adisc of metal which 
receives its motion from the driving spring. B is 
another disc of metal connected to the shaft §§’, 
and is. caused to rotate by the friction between it 
and A. The arm V_ is fixed to. the sides of the 
or-box F'F', and works through an openin 
in U.. YY’ are two upright pieces of m 
serving as guides. GG’ are two arms fixed on the 
carrying at their extremities the weights 
Ww". ese are suspended from the arms by 
pieces of fine watch-spring LL’. Projecting from 
the weights W W' are two small pieces of wood 
CC’, which, when the weights are driven out by the 
centrifugal force, rub against the sides of the 
governor-box F F', and by their friction offer re- 
sistance to too rapid motion. The arms H H’ are 
tS and carry on them the 
small nuts NN’. To these nuts one end of each 
spring MM’ is fastened, the other ends of the 
springs are connected to the weights W W’. It 
will be seen that by altering the positions of NN’, 
resistance to the centrifugal force is increased or 
ed in proportion to the tension of the springs 
MM’. When it is wished to increase the speed the 
ernor-box F F’ is raised by turning the milled- 
eaded screw E, so. tha’ disc 
nearer to the centre of 


t the is brought 
the disc A. Forif V re. 
present the velocity of A when B is at D, and V’ 
the velocity of A when B is raised to D’, then as- 
suming the velocity of B to ss )  alieamen it 
approximately is—we get v =oOD therefore 
raising the disco B increases the directly as 
the distance raised. If the nuts N N’ be so placed 
that. there ia no tension on the springs M M’ and at 
the same time the little pieces of wood C C’ be just 
the sides of the governor-box F F', then the 
friction on the sides of the box, being proportional to 
the foree with which the wood presses, is propor- 
tional to the centrifugal force. t the centri 
force is onal tow? r, where 1 is the angular ve- 
locity and r the radius. Therefore since r is constant, 
the ion varies as w*. If the springs have ten- 
sion the pressure on the sides of box is dimi- 
nished by the force required to bring the pieces of 
bie a peg mye eh ree Mg i a 
to sa, t when i wood press 
on the sides of the box, the itself is carried 
round with the shaft until the arm V is stopped by 
the gui hence the governing action. 
@ proper periods of the signal and curb con- 
tacts are determined by cams, Fig. 1, A repre- 
sents the and curb cams, or those cams whi 
determine the signal and curb contacts. They are 
made to slip upon each other so as to adjust the re- 
lative lengths of contact, One spring ,is always 
forced down by the cam a' for the signal, and 
another by the cam a@ for the curb. is. the 
wheel into the rim of which the springs actuated by 
the fall of the prickers into the holes are caught 
and held during one. revolution. It is called the 
‘determining cam,” because’ it determines the 
signals, It is two-sided because of its double action 
corresponding to the right and left holes in the 
punched paper, that is to say, the dot and dash 
he two sides are insulated from each 
by the ebonite partition shown by a thick 
black line. Let us now suppose that a hole on the 
right side of hp gunahed din aemsasonian Oa ap 
* Mr. J. A. , in the Journal h ineers 
Bre eu iat oat eae 
Henry Carlisle, of 





responding pricker. The pricker (Fig. 2) descending 
raises the spring d (which is caught in the rim of B) 
and keeps it in contact with ¢e during a whole re- 
volution of B, while d' remains in its normal position 
on the lower contact /'. This allows the copper 
current to pass to the contacts c'c and the zinc to 
the contacts g'g. At the same instant as d rises 
6! is depressed by the signal cam and remains in 
contact with c! until the arc of the signal cam de- 
pressing it passes, i.¢.,for more than half a revolu- 
tion. e spring 4 during this time remains in 
contact with g. 
























































In the same waya 
by raising the 
current into the li 
signal, and zinc to line and 

Sole Beeies the pelle teeta 
ole passes the 5 sp: 

at rest on the contacts nd ts €6 le of 
the is insula a veer pe 
The curb sender was its in 

Willsel Themen aed Pred PY 


g 
higher speed diminishes 
the whole deflection due to the current 
the instrument is in more 
said what the practical gain in speed will amount to, 
but it may be given in general terms as from 25 to 
50 per cent. It, therefore, bids fair to be one of the 
instruments of the future. It o up a new path 
of progression in cable lo Like all Sir 
William i Thomson's inventions it is remarkable 
alike for the novelty and value of its — les, and 
for the mechanical perfection with which they have 
been carried into practice. 
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western terminal station of the Allegheny section. 
The company owns considerable repair shops here, 
and all trains east or west are inspected before pro- 
ceeding. It forms really a suburb of Johnstown, 





an important centre of the iron manufacture. Johns- 


ConeMAUGH, 973 miles from Philadelphia, is the | of coal 


town, which is situated at the junction of the Stoney 
Creek’ withthe Conemaugh River, was founded in 
1791, and was for many years after, the head of 
navigation of the “pee All freight west- 
=a was transported down the river on flat boats 
to the Ohio; the transit over the mountains being 


coal, iron ores, fire- 

, &c,, are found in the vicinity of Johnstown, 

and the m ¥ mines are owned by the 

Cambri mpany, which have at Johnstown 

st iron, work 3 in the United Woollen 
here on a large-scale, . « seats 


% 3 oa. . 
| «The Pennsylvania Railroad follows: the Cone- 
for a considerable 


distance, passing by what 
relics of the past,:in the heavy 


deserted 

which used to carry 

P the Conemaugh. 

: ohnstown and Pitan notowns of 
much importance are passed, , count 

is highly: cultivated and well popula i bile the 

ess d of bituminous coal / it great 


are importance. h, the 
western terminus of the Philadel: ision of 
the Pennsylvania Railroad, is 354 from Phi- 
ladelphia, and is the seat of justice of Allegheny 
Magn It is situated 
the two rivers; 
‘point of their un 


aqueduct at Lockport, 
eprom Canal _ over 


pts 
. 


on the tongue of land ner 
; nd Monongahela, at 
to form the Ohio, So im- 


portant a position was naturally secured at a v 


early date,.and it appears certain that Fren 
explorers and missionaries were the first to 
establish a footing on the spot in 1730. About 
18 y later an attempt was made to form an 
Y¥, under the name of the ‘ Ohio 
peng fo which had obtained a grant of 500,000 
pa Jand.- This company made considerable 
efforts towards the settlement of the colony, but 
did not apparently effect much. It is perhaps more 
to be remembered from the fact that it employed 
George Washington upon his first military ex- 
pedition, which although a failure, demonstrated his 
ability. The French » With their Indian allies, 
invaded the districts of the company, and in spite of 
the efforts made to dislodge them, remained masters 
of the position. It was during their occupation of 
Fort Duquesne that the Braddock expedition 
already referred to, was carried out with such dis- 
astrous results. The French, however, held Fort 
Duquesne for only four years, when it and the 
surrounding district were returned to English au- 
thority. Before, however, this cession the British 
troops were again si defeated, on a spot 
now forming the heart. of . city. After passing 
through the various phases of the revoluti war, 
and later, of the more desultory Indian fighting, 
Pittsburgh gradually increased in i e, but it 

was not until after a ci’ been gran 

in 1816 that any mark was made. Five 
years before, the first steamboat ever launched in 
western waters had been constructed by Fulton and 
Livingston. She was called the New Orleans, and 
was 138 ft. longe..and. carried 400 tons. By 1818, 
seven m were built, and in 1840, the Pitts- 
great astra iteminess of peaion-sthes of a great 
ira nts position—that of a great 
te Baca ‘or western and south-western navigation 
—of the network of railways of which it is the centre, 
and of the mineral wealth the surrounding district 
possesses, Pittsburgh has grown during this century 
with a rapidity striking even for an American city. 
According to the latest published statistics the 
population is 86,000, and t of its suburb Alle- 
gheny City 53,000, making a total of 139,000, of 
whom 90,000 are native, 16,000 are Germans, 
17,000 Irish, and 3000 are coloured. The popula- 
tion of Allegheny County is 262,000; the annual 
value of agricultural production 4,400,000 dols. ; 
the number of manufacturing establishments 1844 ; 
number of hands emplo: 34,200; wages paid 
18,500,000 dols. ; capital vested 54,300,000 dols. ; 
value of materials used 52,165,000 dols.; value o 
manufactured products 88,789,000dals. The number 
of coal mining companies in the neighbourhood is 
68 ; number of hands employed 6000 ; rg paid 
3,600,000 dols,; capital invested 6,300,000 dols. ; tons 
raised per annum 2,680,000, ‘The capital in- 
vested in iron manufacture is 26,962,000; hands em- 
ployed 15,500 ; wages paid 8,100,000 dols. ; value of 
products 36,328,000 dols, The annual shipment of 
coal from Pittsburgh by river is about 2,100,000 
tons, by railroad 1,500,000 tons, consumed in the 
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city 1,500,000 tons, representing a total of 5,100,000 
tons raised in the year from the mines worked in the 


vicinity. 
II. New Jersey Drviston. 


Although the New Jersey Division of the Penn- 
Rtailroad ; City, 
udson 
regarded as 
the actual objective point of the lines, a regular 
m of ferry boats and transfer flats conveying 


sylvania has its terminus in 7 
and is separated from New York by the 
River, the American metropolis must 


e traffic across the Hudson 


The number of manufactories is 333, 
invested is abeve 12,000,000 dols., 
plo 56245 wages paid, 3,280,526 dols, : 
used, 17,230,000 dols., and the ,value of 
is 24,250,000 dols, 

Leaving Jersey City the New Jerse 


populous district through which its 
may briefly notice the most important of them, 
Tn Meadows, five miles from the 


the workmen em- | of 
materials | the 
products 
line 
passes through many towns in the weal y and 
route lies. We 


terminus, are 












; SS 
le which it makes with the line of intersection 
ape meyer oer php! in which 
given line is situated, or when @ given line is 
Nei age the vertical plane passing through the. 
This angle measured in all cases on the circum- 
call dosigante ertae die we shall call w. We 
e given line an 
dicular to it by L’, <—s 


t has been already shown that when the initial 


to the railway com-| situated branch shops of the company, occupying | point, the length of a line and the angles L Z and 
pany’s piers on the New York shore, 14 acres of ground, and comprising repair shops i EY are known, the line can be vely pro- 
New York.—The aggregate population of the me- goods sheds, coaling platforms, &c. It is at t jected. The problem of proj @ line perpen- 
tropolis was, according to recent statistics, 942,299, | point that the goods and traffic of the dicular to a line already projected & common 
oan up as follows : railway are separated, and run forward, each class initial point (the length of the sal. area 2 line 
Native ’ : 528,198 upon independent lines. being given) therefore resolves into snes 
Irish... “ 202,000 Newark, nine miles distant, is the largest town | the values of the — L'Z and L' ¥ in terms 
German 151,202 in New Jersey. It is situated on the Panaic river, | the angles LZ and L Y and known } arpa 
aoe AS ae and was settled as early as 1666 by emigrants from| It has also been already shown that a line may 
ee ste ts “ the State of Connecticut. It contains numerous always be considered as situated in a vertical plane, 
Total ... ... 949,999 manufactories, including jewellery, iron, rubber, | and it will be evident that the given line to which 
The population of Brooklyn, which was also 


taken with that of 
Native 
Foreign 


New York, is 
St os é +. 251,881 
. 144,718 


—_— 


Total “a -.- 396,099 
So that the total of the two cities is 1,441,234 in- 


brated incline of the Morris Canal (vi. 


ENGINEER- 
ING, vol. vi., page 100), is at Newark, The follow- 


and leather goods, and possesses five ger | the line to be ected is to be perpendicular must 
stations withic the cit limits, which are employed | be either est horizontal, or oblique, in such 
by the Pennsylvania Rai Company. The cele. | plane. 








We shall consider these three cases in turn: 
Case 1. If the given line is vertical, it will be 


ing are the principal statistics, evident that the circular disc in which the line 

habitants. ‘opulation : sa grag it  teeo _— be noe 

According to the same authority, the capital em- Tetive owe OATS one in tas case L' Z=90 deg., w being 

loyed fon enstanseniel ‘ih New York is — x ances dise 2 ae from the Ss eenmn thie = on 
ssoun, a0 dols., the ry on of A rqrenegy employed Staal soe a 106,050 tea, |0f YI. ee circle passing throug 
129,500, the wages paid during the year 63,824,000 | Number of manufactories. : ital inves , ee Sic . 
dola.; raw material used 178,697,000 dole, ‘and the 84,400,000 dol: hands employed, 9,150; rages dion te hag rem line ta hesinental, tie Ree 
value produced 333,000,000 dols- id, 14,760,000 dolls. ; value o: products 2 cular 

The value of imports and exports during the oN ee must evidently be vertical, and co 


same year were respectively 418,500,000 dols, 
and 285,600,000 dols. The banking capital was 
88,300,000 dols., and the amount of deposits in 
savings banks 169,500,000 dols. 


The shipping trade for the year was as follows : 



































Arrived. | Cleared. 
we 3. eifb, 
Oa Eu gls 
zr = ee ae i & 
American ...| 2189 | 1,008,000 | 28,297 | 1716 | 863,478 | o4.0n0 
Foreign. ...| 3452.| 2,961,000 | 93,397 | 8347 | 2,896,000 | 90/512 
Totals ,..} 5641 | 3,969,000 | 121,624 | 506 | 8,748,478 | 114,569 














Jersey City.—Jersey City is exactly opposite New 
York, on e west bank of the Hateos Have. as 
above stated, the terminal station of the Pennsylvania’ 
Railroad Company is situated. ‘The depdt is a large. 
one, and includes a new passenger terminus, coyer- 
ing an area of 620 ft. by 298 ft., in which are laid, 
twelve lines of rails for the accommodation of: 
passenger ‘traffic. At the end of the building facin 
the river is a passage 40 ft. wide and 998 ft. long, 
leading to the waiting-rooms, ticket Offices, ' 
restaurants, &c., and measuring 80ft. by 84 ft. These. 
rooms open to the stages from which the ferries run, 
by a covered gallery 60 ft. wide, and the whole length 
of the river front. The ferry house itself is 40 ft. 
by 120 ft., and contains waiting-rooms below, with 
the company’s offices above. 

North of the rom er station is the large freight 

depét recently ished at a cost of several millions 
of dollars. It has a river front of 1100 ft., and 
include stock yards, measuring 1300 ft. by 225 ft.,. 
with slaughter houses 225 ft. by 200 ft., the capacity 
being equal to 500 carloads of cattle per day. 
Beside these there is a dock 180 ft. wide and 1500 ft, 
long, running the whole length of the stock yards 
and abattoirs. There is also a pier 1500 ft. by 
200 ft., and another dock the same length, and 
200 ft. wide. At the back of the - is a grain 
elevator 600 ft. by 100 ft. by 190 ft. high. The 
- freight sheds measure 1000 ft. by 125 ft., and the 
grain piers and sheds 500 ft. by 60 ft.; from these 
160 carloads of grain can be t erred daily, 
Here also a warehouse is in course of erection 
500 ft. by 125 ft, and 80 ft. high. 

Lastly, we may mention the lines of rail 
laid in connexion with the bridges and floats by 
which trains are transferred between Jersey City 
and New York. About 200 trains, including 9] 
passenger trains, are received and despatched from 
this terminus, The population of J. ersey City is: 

Native... i. Sen +» 50,700 
Foreign 


ee 


g| before the opening of the 


Trenton (57 miles), 
is situated on the left bank o 


well laid out; it contains the 
Asylum, Penitentiary, 


Canal, belonging to the Pennsylvania Rai 
through the city. The passengerand goods 
the 


through the Water Ga 
terminates in Trenton. 
Bristol (68 miles) is 
County, one of the three 


The population is 22,870, 


blishments, The population is about 64,000. 
widespread limits of Philadelphi 
to Kensington, another of 


the New Jersey with the Pennsylvania Railroad at 
West Philadelphia, the 5 aa depét was the 
point of departure for New York. 

North Pennsyloania Junction (84 miles) joins this 
railway with the North Pennsylvania line running 
to Bethlehem. 
Germantown (854 miles), This is another and one 
of the pleasantest of the Philadelphi suburbs, 
and is the point of intersection with the Germantown, 
Norristown and Chestnut Hill Railroads, 

At Mantua Junction is a union of the New York 
Division with the Pennsylvania Railroad, and one 
mile further is the West Philadelphia depét, where 
the New Jersey Division terminates, 

We should take this opportunity of mentioning 
that we are indebted to courtesy of the Penn- 
sylvania Railroad Company for the use of the en- 
gravings accompanying this and last week's article, 
which were published in their admirable work, 
The Pennsyloania Railroad, Historical and Descriptive, 
and from which much information has been obtained 
by us. 








A NEW SYSTEM OF PERSPECTIVE 
DISPENSING WITH GEOMETRICAL LINES OF ane 
Continued yo 501, vol. wwii. 
Fopitdindaers we should suppose a given line 
to be perpendicular to.and. from the axis of a cir- 
isc, with a radius of given length, it will be 
evident that the first line will remain ndicular 
to the radius or second line in every position which 
it may assume as it revolves in the circular disc, 
It will, therefore, be-necessary to 


° 





Total . 82,540 


determine the 
position of the perpendicular line by indicating the 


the capital of New Jersey, 
the Delaware at the 
head of navigation. This city is handsome and 
Capitol, State Lunatic 
and Library, the latter con- 
taining 18,000 volumes. The Delaware and Raritan 
lar, d odio a thee * 

com are and commodious, an: 
here ‘a po ky ling --the Bordentown and South 
Amboy—runs to New York. A second railway also 
runs to Philadelphia via Camden, ‘The Belvidere 


» and to the Lehigh Valley, 


the chief town of Bucks 
counties established by 
Penn. It contains several important flour and saw- 
mills, and has altogether 739 manufacturing esta- 


Frankford (814 miles) is a suburb within the 
“ hitade Here is a branch 

e city suburbs, and 
connecting line uniting 


nsequently both 
L! Z and w are measured upon it, therefore in this 


case L1 Z =y, 

The intersection of the circular disc in which the 
line L' revolves with the horizontal plane in which 
the initial point is situated is ndicular to the 
given line, consequently L' Y=(O0LL Y). When 
the given line is oblique to the ve plane, 
giving unlike signs to sin. L' Y and cos, L' Y, when 
sin. L ¥ and cos. L ¥ have like signs, and vice versed. 












Case'8. If the given line is ob e in the vertical 
plane in which it is situated, it be evident that’ 
the circular disc in which the line L' perpendicular 


to it is supposed to revolve must be oblique to the 
horizontal ; plane. “t 
Here we shall consider three separate cases de- 
pendent upon the valué of the angle w. .. 
First case, when w=0. In case the line L! 
will be coincident with the intersection of the 
circular disc with the vertical plane in which 


the vertical — is sae 
jpective sin, 
upddedoien ibeuiens LZ 
signs, and vice versd, and when the 
oblique giving sin. L' Y and sin; L 
and cos. LY different 
cos. LZ have the same 


h th intial pont i pergondl 
passing through the common. - 
cular to the line of intersection of the v cal plane 
in which the given line is situated with the same plane 
IA Y+(90° =L Y) if sin. LY and cos. LY have like 
signs giving sin, L! Y and cos, L’ Y different signs, 
and vive versd. 

Third case: when w takes any intermediate value, 
L'Z will equal an angle, the cosine of which = 
sin, LZ cos. w, and the difference between L Y and 
L' ¥ will equal an angle, the cosine of which is 


expressed by 


COS. 1 
con (L'Z—LZy’ and this angle we 


by 3 If LY=0,L'Yed; if LY 
=90° L! ¥Y=(90°—3), giving sin, L’ ¥ and cos, 
L'¥ like signs when wis taken from the observer 
to the right or towards the observer to the left, 
unlike signs when from the observer to the left or 
towards the observer to the right, 

If LY takes any other value the difference will 
be additive or subtractive according as w, estimated 
on the circumference of th oblique circular disc, is 
taken in a direction tending or towards the 
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same signs, but cos, L Y and cos. L' Y will have 
different signs, and in the latter case L' Y must be 
be taken= {180°—(L ¥+4)}. 

In the second case, if L Y—2 is less than L Y sin. 
L ¥ and sin. L’ ¥ and cos. L Y and cos, L' Y will 
have the same signs; if L Y—déd is greater than 
LY sin. L Y¥ and sin. L! Y will have different 
signs, cos. LY and cos. L' Y having the same 
— latter case L! Y must be taken=(L 


The values given in the last case to L' Z and 
L? Y have been anes at as follows: We shall 
sup a& perpendi to the horizontal plane 
seller through the initial point of the line +7 to 
pass through the terminal point of the same line as it 
revolves in the circular disc, and we shall designate 
the intercept of the R oe ndicular between the 
terminal extremity of the line L' and the horizontal 


plane by p ; it will be evident that 5 = cos. L' Z, 


The value of p may be determined thus: from the 
terminal point of the line L' in the plane of the 
oblique circular disc, let fall a perpendicular to the 
diameter formed by its intersection with the hori- 
zontal — passing through the initial point; this 
mdicular may evidently be expressed by 

cos. w, but the line thus expressed forms the base 
of a right-angled triangle, of which p represents the 
yendieular, and the angle between the base and 

the perpendicular evidently equals LZ. Therefore 
1, cos. w. cos. L Z=p and cos, L Zon f 1 oot w.soe. 1h? wee hd 

=008. w. cos. L Z. 

Having determined the value of the angle L' Z, the 
corresponding value of the angle L’ Y can be easily 
found, for the difference between © Y and L' Y is 


evidently represented by a side of a right-angled 
spheri iangle of which the hypotheneuse is w 
and the remaining side eS Z—L Z), and by Neper’s 
rules the cosine of this difference 

_ 008. w. 

“eos, (L'Z—L Z) 
therefore 

al —1 008. w. 
DY=L Yee Sala 
EXAMPLES. 


In the following examples we shall take the line 
L=4, and the line L perpendicular to it=3, also 
gt oer initial point in all cases as follows : X= 
6, Y=4, Z=5. 

"If the given line L is vertical L! Z=90 deg., and 
consequently the perpendicular line L' is horizontal, 


(For Description, see Page 108.) 





it will, therefore, only be neccessary to project a 

line from the common initial point in a horizontal 

> according to the rules already given making 
=0 


Ewample 1.—Ié the given line L is horizontal, 
taking the first form of Example 1, Lines, to repre- 
sent the given line, 


0 
me é a 
4.26 71 3.55 
4 A 
m2 $ me 
7 71 3.55 


Point of View 


_ Taking w, which in this case=L' Z=90 deg., the 
line L? becomes also horizontal, and as in this case 
L Y=90 deg. L! Y=(90 deg. + L Y)=0, therefore, 

0 





6 4 5 
4.26 71 3.55 
3 B 
ii ine 5 
3.54 0 2.95 
or, 
0 
_6 4 5 
4.26 ota ‘B55 
3 B 
6 ete 5 
5.46 91 4.55 
Pel 
0 A 
Fig. 3. 





Point of View 
' 


will represent a line perpendicular to it. 
Example 2.—Taking form one of Example 4, 
Lines, to represent the given line : 
0 


6 4 5 
4.26 7 3.55 
4 2.57 3.06 A 
63  ~—«8.57 meee 5 
.766 796 ry xy 





point in a direction forming an angle of 40 deg. 
with the axis of Y, the sine and cosine of which 
angle being respectively 643 and .766, it will be 
evident that the line L! which is perpendicular to 
it, must tend from the common initial point in a 
direction forming an angle with the axis of Y equal 
50 deg., the complement of 40 deg., the sine and 
cosine of which arerespectively .766 and .643; we have 
therefore only to reverse the decimal numbers cor- 
responding to the sine and cosine of the angle in the 
first instance, and then multiply by 3 the length of 
the perpendicular line L! ; .766 multiplied by 3=2.3, 
and .643 multiplied by the same number=1.93, 
these numbers therefore constitute the differences 
of the variable ordinates in the projection of the 
perpendicular line L’. 
the present example the differences in the pro- 
jection of the given line have the same sign, being 
th +, or additive, therefore, according to the rule, 
we must in the projection of the perpendicular line 
give them different signs, and the form for the pro- 
jection of the line L! will be represented by : 








rn, 
Fig. 33. 
Point ot Meow? 
t 
0 
ei 4 _5 
_) @ 7 3.55 
3 23 1.93 B 
ae ee ae 
2.33 63 3.15 
or, 
0 
6 4A oF 
4.26 7 3.55 
3 23 19 «8B 
se ~ 383 2.1 5 
8 6.89 83 4.15 
— 
Fig. 34. 
[Point of View 


If w=0, in which case L’ Z=0, and the line L' 
becomes vertical, we have only to project # vertieal 
line=L! from the common initial point by the rule 











The given line L in this case tending from the initial 


already given. 
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If the given line is oblique in a vertical plane : 
Example 3.—Taking the first form of Example 5, 
Lines, to represent the given line : 


0 
6 4 5 
4.26 71 3.55 
2.57 A 3.06 4 
6 — 66° —~ 806 ag 
3.6 or 4, 766 
Here the given line is in a vertical plane perpen- 

dicular to the g w=0 the 


porenesties plane. Ti 
perpendicular L! will evidently be situated in the 
same plane ; we shall therefore only have to reverse 
the decimal numbers corresponding to the sine and 


af 


0 
Fig 35. 


Point of View 





cosine of the angle of inclination of the given line, 
which in the i i 
L’Z and cos. 


t case is 40 deg., giving sine 
'Z different’ signs, since in the pre- 








sent case sin, L Z and cos. L Z have the same signs ; 
therefore, 





0 
6 “oe tte 
4.26 Ti 3.55 
2.3 B 1.93 3 
ee 6.93 “766 
5 35 5.89 6-648 
Fig. 36. 
Point of View ° 
' 
or, 
0 
o - > 5 
4.26 Fi 3.55 
2.3 B 1.93 as 
6 oe 6.3 307 
3.66 a is =“ 


3. 
will represent the form of projection of the perpen- 
dicular line L', 








Ewvample 4.—Taking the first form of Example 
6, Lines, to represent the given line, 


0 , 
= 4 mi 
4.26 71 3.55 

4 2.57 A 3.06 
643 8.57 4 ~~ 8.06 
.766 6.08 71 5.72 


The form of projection of the perpendicular line 
L' will be represented by, 





£. 5 
4.26 71 3.55 
ee B 180 
5 4 ~~ 698 
643 2.63 71 4. 
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Here the decimal numbers corresponding to the 
sine and cosine are reversed as in the last case, givin 
sin. L! Z and cos. L!Z different signs as sin, L Z 
and cos. LZ have the same signs in the present case, 
w being taken—0 as in the last case, and conse- 
quently the given line and the line perpendicular to 
it being in the same plane. 

Example 5.—Taking the first form of Example 
7, Lines, to represent the given line, 

0 


6 4 _5 

4.26 7 3.55 
2.57 2.22 128 A 3.06 4 
. ioe lee ee 
5 — =n — 966 


R 


5.34 ¥ 5.24 

The sine and cosine of 40 deg., the angle which 
in this case the given line L makes with the axis of 
Z being respectively .643 and .766, we must in the 
first instance reverse these decimal numbers, and 
then multiply by 3 the length of the perpendicular 
line L'; .766 multiplied by 3=2.3, which number we 
reverse as a multiplier, writing it above the hori- 
zontal line to the left; .643 multiplied by 3= 
1.93, which we place above the upper line to 
the left of the position of the ordinate Z. The 
zB. 

\ 

7) 


Pig.39. 


Point of View 
' 





sine and cosine of 60 deg., the angle which 
the vertical plane in which the given line is 
situated, makes with the vertical plane passing 
through the axis of Y, are respectively .866 and .5. 
.866 multiplied by 2.3=1.99, and .5 multiplied by 
the same number=1.15, we therefore place these 
two numbers as differences above the ordinates X 
and Y of the perpendicular line L’. 

w being taken—0, as in the two former cases, the 
given line and the line perpendicular to it, are both 
in the same plane. We therefore give, according 
to the rule, sin. L'Y and cos, L) Y, respectively 
different signs from sin. L Y and cos. L y. when 
cos, L! Z is made to take the same sign as cos. L Z, 
and vice versd, the form for the projection of the per- 
pendicular line will therefore be represented by : 

0 





4S £ . 
4.26 7 3.55 
23 1 i B 198 ‘ 
866 4.01 2.8 6.93 766 
ad 3.18 78 54 (OHS 
or, 
0 
rid £ a5 
é. 71 3.55 
23 19 115 Bit 3 
B66 7.99 5.1 8.07 766 
5 5 7} 2.08 643 
A>» 
Fia.dd. 
rs) 
Point of View 
; 
Ewample 6.—Taking the first form of Example 5, 
Lines, to represent the given line, 
6 4 
4.26 Ti 3.33 
im 8.06 _4 
6 6.6 8.04 64s 
ee =. re.) 


We shall here take #=45°, sin, L Z=sin. 40°= 
.643 and cos. w=cos. 45°=.707; .643 multiplied by 
.707 =.454601, by a reference to Table B we find 
that .454—cos. 63 deg., therefore L’ Z=63 deg. 
LU Z-L —40°—23° =. 
By a second reference to Table gy find that 
go COB. 1 70 

=. = =. =Cos. 
ms - cos. (L'Z—LZ) 920 vag 
40 deg., 40 deg. is, therefore, the difference between 
L' Y and L Y in the present case L Y=0, therefore 
L! Y=40 deg. 

Having determined the values of the angles L! Z 
and L' Y we have only to project the perpendicular 
line L' by the rules already given. For example : 

Sin. and cos. L' Z=sin. and cos. 63°=.891 and .454 
Sin. and cos. L' Y=sin. and cos. 40°=.643 and .766 
.891 multiplied by 3 the length of the line L'= 
2.67, which we reserve as a multiplier, writing it 
above the horizontal line to the left, .454 multiplied 
by the same number=1.36, which we place as & 
difference over the ordinate Z; .643 multiplied by 
2.67=1.72, and .766 multiplied by the same number 
= 92.04; these two products will, therefore, constitute 

“\s 


oO 


cos. 









Fig. 41. 


Point of View 





the differences of the ordinates X and Y, in the form 
for the projection of the line L', which is repre- 


sented by 
4 5 
4.26 Wi 3.55 
2.67 1.72 2.04 1.36 3 
6 272 6 686 BT 
766 4.79 62 394 “4 


Here the perpendicular line L!' is supposed to tend 
to the right from the observer. 
This form of projection is not required in ordinary 
perspective, but it is particularly applicable under 
certain circumstances to the foreshortening of the 
limbs of human figures and animals, as will be 
shown further on. 
To work this problem instrumentally : 
When the given line is parallel or perpendicular 
to the perspective plane, it will be only necessary 
to project a line from the common initial point, 
either parallel, perpendicular, or oblique to the per- 
— plane, according to the relative position of 
e line, and perpendicular in space by the methods 
already described. If the given line is oblique, 
having found the angles dependent upon the angle 
of inclination of the given line by the means 
already described, we have only to reverse them for 
the projection of the perpendicular, and with regard 
to the differences. ff the sliding ruler has been 
moved the same way, either to the right or to the 
left, for both the differences of the given line, it 
must be moved in different directions (for one dif- 
ference to the right and for the other to the left), 
in finding the ordinates in space of the terminal 
— of the perpendicular, and vice versd. For ex- 
ample : 


0 
as a 5 
5260-35 apr 3.55 
4 2 306 A 
82° 43 8.57 7.1 5 
0 « —. —— — 
37° 27 4.96 30° 21 2.9 


representing the projection of the given line, 4 ft. in 
length, horizontal, and at an angle of 40 deg. with 
the axis of Y. 
6 "igaeacee 
4.26 35° 32! 3.55 
2 2.3 1.93 A 
37°27) 3.7 ate 5.9 5 
32° 43' 2.33 39° 3.15 
will represent the projection of a line 2 ft. in length, 
and perpendicular to it. 
(To be continued.) 





VicToRian Coau.—A report sent into the Victorian Min- 
ing Department with reference to coal found at Coleraine, 
Victoria, states that a bed of lignite 12in. thick was dis- 
covered at a depth of from 12 ft. to 16ft. ; a sample, when 
» was ascertained to yield 40 per cent. of fixed 
per cent. of ash. At a depth of 46 ft. a seam 
of 50 ft. anot seam 3 ft. Gin. 
a bed of clay interlaying between 
two seams. Samples of these seams are undergoing 





analysis. 


BELPAIRE’S STEAM TRAMCAR. 

We publish on pages 106 and 107 drawings of a steam 
car for running upon street railroads, and of the boiler 
for same, designed by M. Belpaire, Inspector-General of 
Belgian State Railways, and constructed at the arsenal 
of Malines, under the superintendence of M. Schaar, 
director of that establishment. As will be seen, the car rests 
upon six wheels, placed 16 ft. 6% in. apart, the wheels 
being 38,8, in.in diameter. That portion of the vehicle 
devoted to passengers is divided into two compartments, 
with longitudinal seats, each giving accommodation to 
22 persons, and reached from the end platform. Except 
in its dimensions the vehicle differs but slightly from an 
ordinary tramcar. In the front is the compartment con- 
taining the engine and boiler. The first car made 
was provided with a Field boiler, and the engine 
rested on a plate frame bearing direct on the driving 
axle. In a later form the engine is placed hori- 
zontally, and the plate frame is preserved, but only 
one side rests on the axle, the other being supported by 
an articulated frame. The special feature, however, is 
the boiler we illustrate; it is tubular and horizontal, and 
is placed transversely on the carriage. The form of fire- 
box will be specially noticed, it being designed to give 
space for the greatest possible number of tubes, and the 
special form of the boiler which combines a large capacity 
with a small diameter. The firebox door is placed in the 
side of the boiler. The latter is surrounded for one-half 
of its length with an iron plate casing, which forms an ex- 
tension of the smoke-box, and is surmounted by the 
chimney, in about the middle of its length. The object 
of this arrangement is to superheat the steam by the 
products of combustion. 





ROLLING-MILL ENGINE, 

WE give this week a two-page engraving of a pair of 
reversing rolling-mill engines, constructed by the 
Miirkische Maschinenbau Anstalt, of Wetter-on-the-Ruhr, 
for the marine establishment at Kolpina, near St. Peters- 
burg. The engines, which were designed by Mr. Alfred 
Trappen, the chief engineer of the maker’s works, drive 
an armour-plate mill with rolls 357, in. in diameter, and 
10 ft. 3$in. long, this mill having been built at the 
Kolpina Works. The engine has cylinders 43,5 in. in 
diameter, and 5 ft. 1}2 in. stroke, these cylinders not 
being steam-jacketted. The piston rods, crosshead pins, 
and crankpins are of best crucible steel, and the connect- 
ing rods, crossheads, and crankshaft of wrought iron. 
The crankshaft is 143 in. in diameter at the bearings, 
while the second motion shaft is 18} in. in diameter, 
having a square formed on it to receive the spur wheel, 
this square being carefully planed. 

The crankshaft carries a spur wheel 6 ft. 10,; in. in 
diameter, with 32 teeth, this wheel gearing into one with 
80 teeth, and 17 ft. 1 in. in diameter, the width of the 
teeth being 25§ in. designing the engine, great care 
has been taken to secure a perfectly rigid connexion be- 
tween it and the rolling mill, and for this purpose the bed- 
plate of the engine, cast in three pieces, is firmly bolted 
to the bedplate of the rolling mill, as shown. 

The general arrangement and design of the engine will 
be readily understood from the engraving without special 
description; we may remark, however, that the valve 
gear is of the Allan straight-link type, and that the re- 
versing is effected by a small vertical steam cylinder, the 
piston of which is connected to another piston moving in 
a hydraulic or cataract cylinder, a steady motion being 
thus secured. A detailed view of the reversing gear is 
given in Fig. 3 of our two-page engraving. 








THE ORIGIN OF MOTION. 
s om pas Epenen oF ss P 
1R,—Since dressing you upon this subject, two or 
three articles have appeared in continuation thereof from 
the pen of your contributor, to which considerable 
pressure upon my time has prevented me addressing you 
thereon earlier ; of course, if instead of ENGINEERING, your 
excellent im. = a Art ree ~ “~ pan de 
— mythologi inting of whi expre 
dou ry pp | the founsation of the subject, then the 
~~ of my doubts would be foreign to the question ; 
ut ENGINEERING is not the Art Journal, and I must 
leave others to decide whether the foundation upon which 
an important series of articles rest, is of co: uence or 
not. For myself, whilst with pleasure acknowledging the 
blindfolded justice of editorial fairness, and the extreme 
gentlemanly courtesy of your contributor, this in nowise 
alfers the importance of the issue—either your contributor 
has advanced a grand foundational scientific truth, and for 
this deserves the commendation not only of your readers, 
not only of Englishmen however distantly scattered, but of 
the po A nations likewise, or he has furnished a series 
of articles rich in the most luxuriant tropical foliage 
wherein in vain may we search for fruit ; this latter is the 
charge I have throughout brought against your contributor, 
and now seek permission to furnish your readers with ad- 
ditional evidence in the furtherance of my charge- 
. Allow me to assume for a moment the truth of the 
—- taken by your contributor, that I may the better 
urnish your readers with the dangers they are ex- 
posed to if accepting the untenable position your con- 
tributor accepts with singular innocence relative to the 
absolute zero of temperature, namely, 490 deg. 
freezing. Another physicist named Dr. Joule has pro- 
determined the mechanical equivalent of heat, 
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which the aforesaid text-books tell us is 772 foot-pounds ; 
if therefore we take one pound of ice-cold water, we have 
490 deg. of heat, each di equivalent to 772 foot-pounds, 
hence 490 deg. X'772—=378,280 foot-pounds in one pound of 
ice-cold water, or if we bring it into foot-tons, we have no 
less than 168.8 tons, more than the weight of two of the 
Woolwich 81-ton guns ; therefore teetotallers ought to note 
this fact, that if a man drinks a pound (less than a pint) of 
ice-cold water, he has taken in sufficient energy, if he could 
apply it, to enable him to lift in each hand an 81-ton 
one foothigh. Your contributor will pardon my un 
Again, our voyagers to the Arctic regions 
below zero, or 102 deg. below freezing, if therefore we su 
tract 102 deg. from 490 deg. we have 388 deg. as the 
temperature surrounding them ; surely they ought not to 
have complained when surrounded with this heat, remember- 
ing it is more than double the 5 me ap | between freezing 
and boiling, or almost as much heat as there is between 
freezing and the melting of tin, for between freezing and 
the melting point of tin we have 423 deg. of heat, and our 
Arctic voyagers at their extreme cold were surrounded with 
338 oat heat. Permission to express my disbelief hereat 
is soug 

Your contributor has expressed his displeasure with the 
term ‘‘ potential energy’ as applied by scientists, 
and he mentioned coal as an example; now I do not think 
there are words to be found so precise and compressed as 
potential energy, to express the great truth of the tremen- 
dous power of coal, for by force or power are the molecules 
of water and carbonic acid separated, in the formation of 
wood, and just the force or power required to separate 
them is returned when recomposition takes place by what 
we term combustion ; therefore from the separation of the 
molecules, till their recomposition, the power or heat re- 
quired to separate them remains dormant in coal; how 
better therefore can we express this power that thus lies 
dormant in coal than by the term potential energy? Pray 
let your contributor in his zeal for scientific progress be 
careful how he uses the mighty power of the press, or pro- 
gress may be ey see: 

Your contributor has taken pains to show what he is 
pleased to term the density of the ether. I have searched 
and studied for many years, and the fruit of my labours is 
to challenge the evidence, showing, or attempting to show, 
that the universe contains any atom smaller than the hy- 
drogen atom ; remember nothing in practical engineering can 
be accepted on faith, all that the engineer sets forth must 
rest upon at least presumable truth; we know there is 
hydrogen, we know it exists in wm quantities in space, but 
the ether of your contributor we have to imagine; so little 
weight does he himself attach to the evidence, he would 
have us believe sufficient to impress his own mind, that in a 
former reply to me, he stated if the force of gravity existed, 
as I described, there would be nothing to described. Can 
I help this? Is something that does not exist to be invented 
that your contributor may escape the lament of Othello? 
Let him tell us of the chemical composition of the ether, 
its combining proportions, and other a pe in addition 
to that he has already advanced, if he has any evidence at 
all, and if not let him not complain if he finds the minds 
of your readers not so malleable as he expected. 

But if your contributor has no evidence to support his 
theory, I think Ican now place it beyond question that 
gravity is a statical and nota dynamic power. Upon the 27th 
of February, if the almanack informs me ly, we are to 
have a total eclipse of the moon, if, therefore, the ether is 
the medium to convey the waves of gravity, are we to 
believe the solid earth itself offers no impediment to the 
waves as they dash against it? Remember the velocity of 
the waves must be such that no such gross portion of time 
as the thousanth part of a second is measurable as the 
time for the waves to travel to us from the sun, therefore 
they absolutely must dash with this unmeasurable velocity 
through the solid earth itself in order to reach the moon 
during theeclipse ; remember light and heat, that unquestion- 
ably travel in waves, are intercepted by the earth, not only 
is the light but also the heat intercepted, as our satellite 
plunges into the earth’s umbra; but gravity, that accord- 
ing to your contributor also travels in waves, is not inter- 
cepted by the solid mass of the earth. I fear your con- 
tributor will find himself compelled to accept the lament 
of Othello, or his way out of this knot will be interesting to 
observe ; but whenI state gravity is a statical force, then 
the fact of our satellite remaining under the undiminished 
force “—- during the eclipse is in accordance with 
observed facts. The ether is the medium according to your 
contributor, and Cys dashes in waves of inconceivable 
velocity by the aid of as ether, through yd 
Space ; my present question concerning its interception 
solid bodies, such as the earth, will be admitted isa tair 
question. If it intercepted the waves of gravity, as we know 
it intercepts the waves of heat and light, then during the 
total eclipse of the moon our satellite, set free from the 
— of the sun’s gravity, would obey only its tangential 

orce ; this we know does not happen. From this, therefore, 
your contributor is driven to acknowledge the earth, that 
does intercept light and heat, does not intercept gravity, if, 
therefore, the ether is the medium then the ether must 
penetrate all solid bodies, and something of its chemical 
properties ought to be known. What these chemical 
properties are your contributor can doubtless inform us ; 
chemists usually speak of the diamond as pure carbon, but 
no, it must be mixed with ether or it would lose its power 
of fgravity, which is its weight; again, how can they 
speak of hydrogen or oxygen as pure when free and un- 
mixed, the ether must—according to the theory of your con- 
tributor—be mixed therewith, or waves of gravity are in- 
tercepted for want of a medium. same would call your 
contributor’s notice to the presumable molten state of the 
interior of the earth ; the ether must pervade this, and does 
the great heat in no wise affect the medium? In short, Sir, 
your contributor is right when he states there is nothing to 
do upon my side of the question, for I am like a man in the 


ef. 


“ye not only for the engineer, 





ightship declining to t his invitation to er the 

ation waters to the shi ; doubtless there is slenty for 
him to do in order to keep his head above the waters, 

T am, Sir, your obedient servant, 

R. SHEWARD. 





THE DEVELOPMENT OF RAILWAYS IN 
AUSTRIA. 


To THE EpIToR oF ENGINEERING. 5 

S1zr,—Railways have so much changed the social life of 
mankind, that thei is of the utmost interest 
t also for the historian, who 
records the al pi of art and science as well as the 
bloody wars of kings. ulay in his “‘ History of Eng- 
land,”’* says that “‘ of all inventions, the alphabet and the 
printing press alone excepted, those inventions which 


abridge distance have done most for the civilisation of our 
species.” It is, therefore, highly interesting to note those 


steps, by which so important an invention as railways are, 
has moved from its birthplace in England to the remotest 
corners of the world. 

As a small contribution to a future history of this pee 
gress I shall give in the following lines a brief statistical 
sketch of the development of railways in Austria, or, as it 
is officially called now, the ‘* Austro-Hungarian ny 

The first railway in Austria was proposed by Gerstner 
as early as the year 1807, when a communication was 
to be opened between Upper Austria and Southern 
Bohemia, chiefly to facilitate the importation of salt from 
Gmunden, Hallein, and the salt-producing district of 
Salzburg. This project, however, was not executed until 
1825, when Gerstner, junior, created a joint-stock company 
with the object to construct a railway from Budweis (in 
Southern Bohemia) to Maulhausen (in Upper Austria), 
which latter terminus was aftewards re y Linz. 
In the spring 1825, the building of the line began, but it 
was-not finished until 1832, when the whole line from 
Budweis to Linz, of 80 miles length, was opened to traffic. 
I need not say that it was a horse railway. 

The total cost of construction was about 95,0001., or at 
the rate of about 11801. per mile. ° 

The railway was single lined, and its gradients, ou 
one short piece of line, did not exceed lin 80. The weight 
of the four-wheeled trucks, which carried a load of 44 ewt., 
was 18$cwt., the proportion of load to dead weight being 
thus as 2.3 to 1. The traffic amounted to 26, tons a 
year, chiefly salt from Upper Austria and Salzburg. There 
were, however, special carriages for the transport of 
passengers. ; 

The speed varied with the load and was about 2} to 9} 
miles per hour. 

This ve was * foah' te So gobs relhwer on the Conte 
nent, and it was for its time a act o ineering skill. 
But during the time that sonentl belavoen: the first cut and the 
opening day of this line, railways had advanced in a d 
cpexpested ators : steam had Leen successfully applied in 
the place of horse-flesh, the Stockton and Darlington Rail- 
‘ag had been opened, and Stephenson’s ‘“‘ Rocket’? had 
made its victorious run. 

Five years after the opening of the Budweis-Linz horse 
phliened the first steam railway was opened in Austria ; it 
was a portion of a line which was to proceed from Vienna 
in a northerly direction to Moravia. On the 17th of No- 
vember, in 1837, oo pee line ‘ fre Florisdorf to 
Wagram was open traffic, and thus thirty-nine years 

the = era of steam locomotion was in eed into 
the then very conservative Austrian empire. 

To show the order in which the different countries joined 
the common railway system I shall give here the names of 
the lines by which railways were first introduced in each 
country in chronological order.§ (Vide Table I.) 


Tanz I. 








§ Re quent the tants by 
whic ways were 

a Name of Country.) Year. |; troduced in {he Respective 
a Countries. 

1 |Lower Austria ...| 1837 |Florisdorf-Wagram. 

2 |Moravia ... 1839 |Lundenburg-Briinn. 

3 |Styria_... 1844 |Mirzzuschlag-Gratz. 

4 |Bohemia... 1845 |Olmtitz-Prague. 

5 |Hungaria 1846 |Buda-Pesth-Wailzen. 

6 'Silesia 1847 Se ga 

7 i 1849 |Cilli-Laibach. 

8 |Galizia ... «| 1856 |Cracow-Dembica 

9 |Upper Austria ...| 1856 |Lambach-Gmunden 

10 Tiiyria je «| 1857 |Adersbach-Triest. 

11 |Tyroly 1858 |Innsbruck-Kufstein. 

12 |Salzburg 1860 |Frankenmarkt-Salzburg. 
13 |Croatia 1862 |Steinbrtick-Agram 

14 |Carinthia 1863 |Marburg-Klagenfurt. 
15 |Bukowina 1866 |Lemberg-Czernowitz. 
16 |Transylvania 1868 |Arad-Karlsburg. 

17 |Dalmatia 1877 |Tebenico-Spalato. 














Thus it took almost forty years to introduce railways 
into allthe numerous countries of which Austria is com- 


The rise and progress of the Austrian railway jag will 
be best illustrated by the following Table showing the mileage 
of railways open to traffic, and the annual increase “4 
cents. of the existing lines for each year from 1837 to 1875. 


* Chapter III. ‘‘ The State of England in 1685,” 
: It was, however, no tramway. 





Both in the vicinity of Vienna. ; 
Mr. Bazika,»inspector of the Austrian rast ene 
of Bohemia’’ a minute account 
of lines of all Austrian rail- 
chiefly from this article. 


has recently published in the “ 
Engineers and Architects 


of 
of the ing days and 
ways. Tderive amr ied 



































TABLE II.* 
1 2. 3. 1 2. L 2. 8. 
sea 
ee 
i . i sa | ij % 
3" |g8 se (gs 3 8 
8 § Fr 33 § 3 
i | fe fll a | fe la | 3 pes 
pe | Bo. 1s » ol eI a? 
18387 | 816 | ... -} 1850-| 987.65} 11.1 | 1868 | 8818.16] 3.1 
1838 | 19.09 | 184.1) 1851 | 1021.74] 6.9 | 1864 17) 08 
1889 | 88.66 | 364.4] 1852 | 1021.74] 0 | 1865 | 3581.98] 5.5 
1840 | 88.66 | 0 | 1853 | 1071.75| 4.9 | 1866 | 3696.62) 4.6 
1841 | 217.25 | 145.0) 1854 | 1184.63) 5.9 | 1867 | $880.98 5,0 
1842 | 234,82 7.8| 1855 | 1241.87] 9.5 | 1868 | 4840,70| 11.8 
1843 | 234.32 | 0 | 1856 | 1469.26) 183 | 1869 | 4889.52 12.6 
1844 | 293.14 | 25.1] 1857 | 1724.18) 17.3 | 1870 | 5870.06] 20.0 
1845 | 451.15 | 53.8] 1858 | 2229.20] 29.3 | 1371 | 7234.96 | 23.2 
1846 | 57941 | 28.4] 1859 10.5 | 1872 | 8558.05] 18.2 
1847 | 709.74 | 22.5] 1860 | 2778.87] 12.7 | 1873 | 9596.57| 12.2 
1848 | 732.51 3.2] 1861. | 3070.17] 10,5 | 1874 | 9955.43! 3.7 
1849 | 843.80 | 15.2] 1862 | 8218.61) 48 | 1875 |10918.73) 3.6 





* In the mileage given in this Table only public railways are 
included. rf P| 


_ From Bre fay = it is ys that the apemnceatene 
in pro on e exis was Se 
the pe 2 1840, 1842, nea 1852 nota single line was opened ; 
between 1850 and 1860 the annual increase averaged 11} 
per cent., and between 1860 and 1870, 7 per cent.; in the 
year 1871 railway-construction was at its climax, the in- 
crease for this year amounting to 23 per cent., but after the 
pee tpn te roe 1873 this percentage rapidly sank as low 
as 8. cent. 

In 1875 the average distribution of railways in Austria 
was one mile of railway to 24.3 square miles, or to 3481 in- 
habitants. This is of course the average value only, and, 
whereas some parts of the empire do not reach this amount 
of railway communication, ot: are far above it. It is 
especially Bohemia, where railways are in a far more ad- 
vanced state than in other Austrian countries, and a brief 
account of the development of the Bohemian lines ma; 
therefore be in' ing. Although the me pee ° 
Bohemia covers only8 per cent. of the total area of Austria, 
and its population amounts only to 14 per cent. of the 
number of inhabitants in the whole empire, yet in 1875 the 
Bohemian lines re ted above per cent. of the 
Austrian railways, their ae being 2147 miles. 

Thus Boh had in 1875 one mile of railways to 9.3 
square miles of area or to 2378 inhabitants. 

The first Bohemian locomotive railway was opened in 
1845, in which year Bohemia ssed only 114% miles of 
railways (25 per cent. of the existi Lostelin lines). 
ntlar fctones os tn Legace queaatiy! and too eintonigs 

ea as in 
of annual extension varies vay conside +4 
ave it may be stated that between 1850 and 1860 the 
increase was 12 per cent. (in which period there were 
four years where not a single line was opened), 
tween 1860 and 1870 this increase averaged 8.7 per cent. of 
the existing lines. In 1860 and 1866 no new line was ‘ 

In 1870 the increase was 21 po § cent., and in 1871 even 
41.4 per cent., but in 1874 and 1875 it sank to 10 and 9 per 
cent. respectively. As in Austria so y in i 
this decrease is a natura] consequence of the over-exertion 
in 1870-73 and of the financial crisis in 1878, but-comparing 
the annual increase of the Bohemian lines after the 
‘*krach’’ with that of the Austrian lines in the same period, 
we find that, whereas in the empire the increase has fallen 
under its average amount for 1860-70, in Bohemia it was 
still above this average, 

inally, I may mention as an object. of intérest the 
number of railway stations in the three principal towns of 
the yy Vienna has six railway stations (or one to 
about 167,000 inhabitants) ; at Buda Pest are three railwa’ 
stations (one to 87,000 inhabitants); and at Prague th 
number of railway stations is eight (one to 28,000 inhabi- 
tants). Thus Prague has in proportion to its population 
the greatest number of railway stations. 

H. Hasnis. 


THE REGISTRATION OF TRADE MARKS. 
To THe EDITOR OF ENGINERRING. 
S1r,—Your article last week on the ement of the 
Marks Registration Office is so much to the point, that 
I feel bound to give you my experience when endeavouring 


«in tho oginning of last April T called ab the fice 

in 
Quality-court, and was furnished with full particulars and 
instructions for up the printed forms. On the 15th 
of April I sent in the forms filled up, and with the necessary 
fees. It is needless to say that they came back to me on 
account of — improperly filled up- ‘1 think altogether 
they came three times, when at last on the 27th of 
June I received the necessary i 


in the official di related fort Thad 
in the o: , and I co m 
od i filling up the forms correctly, t 





at last 
the matter was settled done with, but judge m rpri 

when a fortnight afterwards I received a fetter saya that 
the registrar made a mistake and that the was 
registered in a wrong class, that it ought to be in class 80 








and so, and that if I would the additional fee for. re- 
in that class all would be .. Well, Sir, I 
considered that an imposition, I did not’ the fee, [have 
not got a regi trade mark, I made the Quality-court 
hy gh een La otee paid, I have-Had 
whole affair, shall, until the. Act for the Begs of 
Marks is do without a ict exit 

T am, Sie, Ss 

4, Great Queen-street, Westminster, iY, 1877. 
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DETAILS OF COMPOUND SCREW ENGINES AT THE PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY THE BUREAU OF STEAM ENGINEERING, UNITED STATES NAVY DEPARTMENT. 
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COMPOUND SCREW ENGINES AT THE 
PHILADELPHIA EXHIBITION. 
(Continued from page 441, vol. xxii.) 

We now publish some further engravings of 
details of these engines. It will be remembered 
that we have already published their general 
arrangements and some details, which were de- 
scribed fully on pages 206 and 439 of our last 
volume. Figs, 62 to 65, on the present page, 
are sections of the surface condenser, which is | 
placed so as to form a bridge extending over | 
the main guides and crosshe The tubes are | 
arrayed horizontally in two nests. There are in all | 
1788 of them, each 9 ft. 3 in. long between plates, 
and § in. external diameter, the clearance between 
them being yy; of an inch only, The condens- 
ing surface is thus 32,470 ft. It will be seen 
from Figs. 62 and 65 that a partition to act asa 
baffle plate is cast along the whole length of the 
cylinder opposite the exhaust pipe opening. The 
steam enters the condenser only over the top of this, 
the spoung at the bottom shown in Fig. 65 being 
merely a hole for carrying off water. ‘The means 
ak ge for packing the tubes is shown in Fig. 66. 
Each tube has a bored stuffing-box fitted with a 
ring as a gland, and a countersunk guard-plate is 

rovided by means of which all the ring-glands can 

ressed up simultaneously. 

igs. 67 to 72 show other details of the condenser 
and its connexions. Figs. 67 and 68 give the form 
of the air pump, valves, and guards, which are of 
a eae Figs. 69 and 70 are sections of 
the piston in the circulating and air pumps; | 
this piston is of a rather peculiar construction, | 

made very long, and half its length covered 


by wood packing rings, the remainder being left | 
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DETAILS OF COMPOUND SCREW ENGINES. 
CONSTRUCTED BY THE BUREAU OF STEAM ENGINEERING, U.8. NAVY DEPARTMENT. 
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for common packing. Fig. 71 shows one of the 
relief valves, the positions of which are shown in 
Fig. 62, and also in the general arrangement, Fig. 5. 
tM 72 is the passover valve for the circulating 
water. 

, The arrangement of the feed pumps and valves is 
ven in Fig. 73, 74, and 75 annexed. The pum 
are 3 in. in diameter, single acting, and are driven y 
arms on the upper piston rods, as shown in Fig. 8. 
The end of the pump chamber fits into a recess in 


the main casting, and the communication between 
by a hole cut in the side of the chamber, as 


ante 
own 73 and 74, Th 
handwheel of Figs. 74 and 75 are f 
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(Fig. 73). We should have mentioned before that all 
the g-boxes in the engine, including those of 
the piston rods, are fitted with screw glands, worked 
either by spur or worm pearing. valves are 
arranged one above the , a8 shown in Fig. 74. 
The details of the whole arrangement are somewhat 
remarkable, as will be fully recognised by any of 
our readers who will take the trouble to work out 
for themselves the way in which (say) the suction 
valve can be got out. There is a ition 
among marine engineers on this side of the water 
in favour of the ap ey er such things which 
does not seem to be shared by their brethren in the 
United States, 





e 
the 


jur 
or 
gland of 


of tightening up the screw. pump 


_ (To be continued.) 


“THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.” 
To THe Eprror or ENGINEERING. 

Srr,—In reply to Mr. Messenger, I think that gentleman 
‘should have gone a little further in his examination’’ 
concerning the i and behaviour of single-acting 

fe observes that “‘ the steam ports of ont aoame 
a) a FJ 
Clough motor (as ‘leat; deseibel i Be At 
they sn eee — in fact much shorter 
case with engines on “ra three- 
It is also fitted with a flat slide ve void of 
sequently ‘“‘excessive com: ion’ which Mr 
again complains about is enti 
ever, is as as the former, and 
in the Willans 


aay age when cutting off at three-fourths of the stroke. 
is remarks relative to the ‘‘ heavy il on the pistons, 
in to either the h or the Wi engine, are of 
fs milo Diaseat an length to ro ow fen ot 
e any preven’ ue vil , an 
moreover when we take into account the short stroke of 
on eee the thrust on the sides of the cylinders is 
nil. 

In both these engines the cut-off is more sudden than 
can be derived from an eccentric, or even a rotating valve 
as inthe Brotherwood or celebrated ‘ Octagon”’ type, while 
so far as economical worki i i 
will undou compare favourably with any other, 
especially if converted from single to compound, which can 
be effected when running. 

Your correspondent speaks somewhat about 
‘the ordinary slide valve in other engines worked by the 
link motion” being adapted to ‘properly te the 
they may be oot te cab.” ny 0 sonnei 

se work. a 
of the subject ought to have made him aware of the fact 
that the engines of Messrs. Brotherhood and Head permit 
of variable expansion controlled by the governor. 
W. WauLEzr. 
Maskill-street, Bury, February 4, 1877. 





‘ amen oe oF een. é 

1R,—The letters of Messrs. Crompton Messenger in 
our issues of January 26th and Fobroery. Jal, sae Se 
as sion on single-acting engines to stage—that of 


roof. I have avoided in the recent discussion which 

cS place in your paper, but if the competitive trial now 
8 can be arranged, I shall enter one of my six- 
cy engines and watch the tests with in 


special points of constructional or other yy 
a i believe, benefit the inventors and the i, yi 
at the 


showing the best field for each ine, and wo’ 
same time assist the inventors ty tebuaing to light points 
i party epee of improvement, 
I do not wis enter upon any controversy or to follow 
. Head in ing so-called defects in o engines, 
for the defects pelntel out are-in many cases merely the 
constructional necessities of the arrangements of valves 
and cylinders, and are in many cases really improvements 
on the old bpd sepa | singlo-qptindar engines. 
Thus in single-cylinder engines there are always*two dead 
zeints, the pertenveahrays meenee Jans , and the valve 
not too durable. The pistons wear, or t is worse the 
cylinders become chambered. Slides 
require constant attention, and the link 


and bearings 
movement is not a 


POn all these je to aeaiees of the single-actin 
(multiple cylinder) have the advan’ ae it would 28 
greatly to the interest of a trial, to include the com- 
petitors a good horizontal 01 


IfI have said enough in udice 
against the inventions with which I invite compe q 
I may pesnage Soy & tow weeds wale the goveene 5 Sere 
for accepting Messrs. Crompton Messenger’s challenge 
for my own engine. 
1. The pistons are practically tight. 
2. There is no wear or friction upon them. 
dca ports and clearances are reduced to a 
4. The valye does not revolve, but has sucha ect 
polishing motion, and such a slight actual motion, that its 
action ly to improve the faces, and it 
wear out, cut, or leak. 
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this class of will benefit, and every one 
concerned will, I believe, be ultima — 
Iam, Sir, your o pant oapvant, 


. K. Wzsr. 
Crown-place, Kentish Town-road, N.W., Feb. 6, 1877. 





HARTNELL’S GOVERNOR. 
To THe EpiTror oF ENGINEERING. 

Srm,—Had ee who signs himself “‘ C. G.,”” 
been content to confine himself to pure reasoning, it would 
have spared me the necessity for calling attention to his 
peculiar mode of investigating truth. 

In his letter which appeared in last week’s ENGINEER- 
1na@, he writes in reference to the statement, “‘ that the 
power of a or cannot exceed the weight of the balls 
=. fy the distance through which they fall.’’ 
‘* Mr. Hartnell first defended your statement by pointing 
out that ‘ cannot exceed’ does not mean ‘ equal to,’ 
shelters himself under the assertion that the sentence was 
‘mathematically correct ;’ but finding the shelter very 
limited harks back (sic) and endeavours to show that if 
* equal to” cannot be supported, an indefinitely near approxi- 
mation to ‘ equal to’ was what was intended. 

Contrast this deliberate and pointed assertion as to what 
I “endeavour to show’ with the exact contrary which I 
wrote hohe os letter in ENGINEERING, December 22, 


1876, 

“Tf the throttle valve worked without friction no power 
would be given out by the sliding piece under any variation 
of —<. The other extreme would be if the throttle valve 
- Fag the engine gradually stopped and at last opened 
the valve. 

“Thus the amount of power really given out by a 
governor (through the sliding piece) is variable between 
zero and a maximum, viz., that nae to open the balls.” 

It is well, indeed, that this gentleman intends to write 
no more, and I trust it will be long ere such a mode of 
— may sgsin be seen in a scientific journal. 

Ithough last letter is, in my opinion, almost as 
full of errors as his first I must decline to answer it, thank- 
ing him, however, for the concluding sentence}: “‘If Mr. 
Hartnell’s method and mine’’ (i.e., of estimating the rela- 
tive power of governors, see ENGINEERING, January 12, 
page 30, column 2, lines 55 to 58, and December 15, 
page 503, column 2) “‘ were applied to a sensitive cross- 
Gaite governor, the results would be extremely different.” 

ite so. 

The passages challenged in ‘your description of m 
governor remain intact, so do the few statements advan 
i , where my endeavour was to introduce some- 


As to the “ automatic regulator described” 36 foot- ds 
4 per cent. variation, it has continued to work well ever 
since, unaffected by the argument or the important discovery 
made known last week that it really is seventeen times as 
pereete asa pendulum governor with only 34 balls rising 


Yours truly, 
WItson HARTNELL. 





STEEL », CLEVELAND IRON. 
To rug Eprror or ENGINEERING. 


Srr,—If I judge by the sharp fillip at the close of 
your correspo: ent ‘*X, Y.’s” letter, should say his 
‘ withers’ are wrung. 


I infer he thinks me abusive, and were he in any way 
addicted to explain I would ask why, but attack and not 
defence is his forte, as gathered from the tone of his 
communication. Now, abuse is a comprehensive term when 
applied to what occurs in correspondence, and it often re- 
lieves the dull monotone of technical controversy, but is 
only a grievance when tinctured with needless indignity or 
pa pres Now, a quaint exhibition of what some might 

humour is exhibited in “ X. Y.’s” expressed admiration 
for Mr. Bell, which is so “craftily qualified” with a 
m ious of failures rotting on river banks ; but 
what on earth does it mean, and what has it to do with 
** Cleveland Iron v. Steel”? Surely if Mr. Bell has property 
he prefers to “‘rot’’ he ean do so, without it being a peg 
for public censure. 

“X.Y.” adheres to his opinion that Mr. Harrison is 
wrong. To this there is no valid objection, but when his 
convictions assume the license to censure and condemn, 
some show of reason would not be out of place. The 
eers is only interesting so far as their case 

be sf : ge meee or scientific deduction. If 
the disbelievers in the fitness of wrought iron are in pos- 
session of facts sufficient to defeat the exhaustive trials of 
Mr. Harrison, let us have them ; if they arrive at adverse 
conclusions from like experiment and equal practical solu- 
tions why not give them publicity ? 

The question has not been promoted with a view to return 
to a spurious product at a cheaper rate, but to furnish a 
substitute for a rail that s the essential clement of 
as pis” with at least equal durability and lower cost. 

I gather from the not clearly stated occurrence of.a rail 
breeking “like a carrot,” that it is inferred the shortness 
is due to exposure to the heat of the case-hardening fur- 
nace. This isan old and an ba wpe elegy. ae te 
rail been tested before Den’ An furnace, it would have 
been found that its “ ~ propensity was due to 


This crystallisation I have taken some frouble to 
to onda cre tomentosa Thar seal fedora 
BS 7 4 very masses, some that 


of 
iron No slow polio, ith tree expened © the fierce 
and heat of a reverberatory furnace, and on which 
as many as weang Foods have down , but in no 
instance was there any of change of structure, 
cr apparent loss of the ductile or malleable properties, but 


for a month, with | by those 





whether taken for tensile ,e tion, or power of 
resistance, the specimens, wheter Parr 2 from the outside 
or the in, off: no symptoms of appreciable change. 

And IT am confident hom eous rails once well made 
will a very ny affected by the ~~ nastet  ¢ furnace 
were e exposed as ys as it is hours. 

I fancy “XxX. Y.” is hap y in bis sardonic flicg at my 
‘‘ piling’ fancies, or why the exulting reference to Low- 
moor and Bowling? But does he not know that even on 
these “classic grounds’ piling is followed, not from in- 
clination but necessity—it is their poverty and not their will 
that consents—it has hitherto been a matter of [compulsion 
not choice. But itis not the less a real source of weak- 
ness. Iron in the direction of a weld has only half its ordi- 
nary strength. Take a 4-in. square bar, cut from it two 
specimens, the one from the length, the other the depth of 
the bar, the latter specimen so taken through the bar 
that the line of weld will be at right-angles with the testing 
strain, and it will be found the one will give some 22 tons 
per square inch, the other ll tons. This is the highest 
reliable value of a weld out of scores of specimens. Piling is 
of course still necessary to massing, and every mass is 
intersected with these lines that rapidly discount the 
strength of all wrought-iron structures. A still more im- 
portant evidence, bearing direct upon the question : a series 
of elaborate experiments made at Chatham Dockyard on 
plates from Lowmoor, ‘Bowling, and the Crampton process, 
in which the taint of piling was betrayed in the opening of 
their veins marking the line of lamina, while the homo- 
geneous plates preserved through all trials, hot and cold, 
edges as round and sound as in specimens of steel. Piling in 
a plate is only tolerable while the homogeneous process 
waits development. 

I do not, therefore, wonder at the “‘C. H. Danks” 
brand fetching 91. per ton; but this does not affect the 
probable figures of cost I quoted, but is an important factor 
in the estimate of Cleveland} prospects, and though it 
has furnished ‘‘X. Y.’’ with the flattest of contradictions yet 
I am content to regard it as an omen of no mean signifi- 
cance. 

I think “‘ X. Y.” has failed to show the necessity of his first 
letter ; it is not mended by the scattered fallacies of his 
second. He may think he is not personal, he is certai 
** nothing if not critical,’”’ and what with vegetable {meta- 
phors, flat contradictions, and mysterious charges, he is too 
much for my following. 

CyYcLops. 








HARVEY AND ROE’S PERMANENT WAY. 
To THE EpIToR oF ENGINEERING. 
Str,—We notice in your issue of the 2nd inst. our 
om of permanent way illustrated and described, but as 
the description does not set forth our object in designing 
the yy oe we shall be glad if you will allow us to 
offer the following remarks. 
The system was designed with-the view of arranging a 
self-tightening, rail-suspending girder joint, that should 
be to a great extent independent of fish bolts, on which the 


efficiency of the ordinary joint depends ; and also to adapt 
the same principle in the intermediate chairs, dispensing 
with the usual wooden keys. 


There are two forms of rolled fish girders shown ; the 
form shown by Fig. 6 can be rolled to fit between both 
shoulders of the s for its whole length, so as to avoid 
the necessity of buckling or pressing to fit the rail, the 
potas down in the centre (shown in Fig. 6) to increase 
its depth and strength being optional. 

The advantages which we claim for this system are, that 
the girder joint gives a continuous support for the rails 
over the two joint sleepers, and is consequently stronger 
than the usual fished joint. It is lighter and com of 
— parts, as the chairs next the joint are dispensed 
with. 

By its principle as a yan ay | joint, the fish bolts 
have me AL prevent > Bes of the girders by any 
— tending to rise the rail, and to act as a preventive 
of creep. 

The chairs made on this principle give greater bearing 
surface on the sleepers with less weight, than those made 
on the went! system, all the cast metal being in com- 
pression, and the wrought tie in tension. 

The bolts would require virtually no attention, as by 
tightening the tie would be cambered into a spring and 
prevent its working loose. 

This system allows of a double head rail being reversed 
without asks any indentations on its lower surface, and 
altogether would give less trouble in maintenance. It is 
also adapted for certain kinds of iron sleepers. 

We are, Sir, your obedient servants, 
VEY AND Roz. 

Dowlais, February 5, 1877. 


EMERY WHEELS. 
To THe Epiror oF THE ENGINEERING. 

Srr,—We were glad to see your leader of 19th January, 
upon the use of solid emery wheels, as we are satisfied that 
it is very much in consequence of their extensive use by 
the Americans that they are able to send some of their 
manufactures to compete with us here. 

We have used solid emery wheels for many years and 
have tried we believe every quality made in England, besides 
most of those from America, 

lish make, which we find much the best for our purpose. 
pas phi prpe. patios aaninst the bat w this i aie 
a a em, now is qui 
overcome, ead tottxy ding is much favoured 3 
on piecework. We use ~4 
you suggest, namely, fettling castings, trimming wrong! 








and we now use those of an | P’ 


them for the purposes be 





plied thus and require no adjustment or trueing 
when first hung. to the machines we have seen num- 
bers made for private use which are very expensive and 
inefficient. The machines we use are those made by Messrs. 
Bateman and Co., of East Greenwich, who also make the 
Ransome wheels ; they are a modification of an American 
ey te, = fe i ; we have had a 
one here running for about two years, and it never 

gives the slightest trouble and is quite steady and handy. 

e are, Sir, yours obediently, 
Tue St. Pancras Iron Work Company. 
London, February, 7, 1877. 








CONTINUOUS RAILWAY BRAKES. 
To THE EDITOR OF ENGINEERING. 

Srr,—Most of your readers who take an interest in 
automatic brakes must have been s ised at the tone of 
ogame letter, which appeared in your issue of last 
week. 

Having been present at the trials on the North British 
Railway, I think it right to state that the pressure of air 
in the Westinghouse trials never exceeded 95 Ib., and 
generally did not exceed 85 lb. per square inch. As to the 
indicator not being correct, was it not used for both Smith 
and Westinghouse alike, so that perhaps the latter did 
not get justice, and might give still r results P 

Mr. Vooname states that the vacuum brake will stop a 
train equally well whether the steam be on or off, but he 
— that the advantage in the case of the Westinghouse 
brake is that the brake can be applied by the guard, when 
perhaps the engine driver has failed to observe any 
obstruction, and in consequence a good many seconds are 
gained in stopping the train. Now in the case of the 
vacuum brake the engine-driver is the only one who can 
apply it, therefore it is nothing in Mr. Yeomans’ favour if 
his statement ke true. 

A good deal more might be said about the superiority of 
the Westinghouse brake, but I think after what you and 
your contemporary, The Engineer, have published, further 
comment on my part would be superfluous. 

I conclude by stating that I think it shows very bad 


rtainly | taste on Mr. Yeomans’ part to try to force his opinions on 


the public through the medium of your valuable paper. 
Iam, &c., 
W. CampBett Morr. 
74, Great King-street, Edinburgh, Feb. 5, 1877. 

[Our correspondent is in error in stating that the pres- 
sure in the reservoirs of the Westinghouse automatic brake 
did not on any occasion exceed 95 lb. per square inch on 
the occasion of the North British trials. According to 
the official data, this pressure on one occasion reached 
101lb. As we have already stated, however, this does not 
exceed the pressure regularly carried by the reservoirs in 
every-day practice.—Eb. E.] 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

The Doncaster Railway Station.—It is stated that the 
directors of the Great Northern Railway Company are 
intending to make very extensive alterations at their Don- 
caster station, which is, and has long been, wholly inadequate 
to the requirements of the very heavy traffic which has to 
pass through it. The directors have recently visited Don- 
caster in order to see what is best to be done. It may be 
said that there is hardly a station in the country where the 
traffic is heavier both in — of passenger and 8 
trains. In addition to the Great Northern three lines, 
there are the Midland, Manchester, Sheffield, and Lincoln- 
shire, and North Eastern trains to be dealt with. The coal 
traffic of South Yorkshire all passes through Doncaster. 

Extension of the Block System.—The block am, hi- 
therto in operation between Sheffield and Rotheram, on 
the South Yorkshire section of the Manchester, Sheffield 
and Lincolnshire Railway line, has this week been extended 
from Rotheram to Doncaster—a length of line on which 
there is an exceedingly heavy traffic. 

Dividends of Local Companies.—The Midland Wagon 
Company gay’ 10 per cent. per annum ; the Staveley Coal 
and Iron pan; imited) at the rate of 8} per cent. ; H. 
and S. Barker an mpany (Limited), 10 per cent. ; Wake- 
field and Union » 17} cent. ; Sheffield 
and Rotherham Bank, 17% per cent, ; York Gas and Water 
Companies, 10 and 8 per cent. respectively; British Wagon 
Company, 10 per cent. ; Yorkshire Railway Wagon Com- 

, 10 cent. ; Sheffield Wagon Company, 10 per cent. ; 
Bhetield anking Company, 15 per cent. ; and the Hands- 
worth Woodhouse Gas Coubeng (Limited), 7} per cent. 
The last-named company has put down a new retort oven 
and three large new retorts during the year. 

The Stephenson Memorial Hall, Chesterfield.—At a 
meeting of the committee appointed to carry out this 
scheme, last week, it was stated that the estimated cost of 








the hall would be 10,8311., of which about 75001. has been 
mised in subscriptions, 10001. being ted under the 
Libraries Act. The site costs 12311, The structure 


will be commenced almost immediately. 





Sratze Rartwayrs In Vicrorra.—If the lines recent 
rojected by the Victorian Government should be carrie 
out, and if the Melbourne and Hobson’s Bay Railway is 
purchased by the Government, the Victorian Government 
will own nearly 1000 miles of railway. By the purchase of 
the Melbourne and Hobson’s Bay line the Government will 

enabled station at the south end of 
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NOTICES OF MEETINGS. 

THE INSTITUTION or OIVIL ENGINEERS.—Tuesday, February 
13th, at 8 p.m. Discussion on ‘‘ The Sewage Question.” 

CIVIL AND MECHANICAL ENGINEERS’ SOCIETY. — Thursday, 
—— 15th. Onthe “Optical Expression of Stress,” by Mr. J, 

ove. 

‘THE INSTITUTION OF SURVEYORS.—Monday evening, Fébruary 
12th, when a paper will be read by Mr. G. J. Symons, entitled 
‘* Rainfall, and its Relation to Oivilised Life,” e chair to 
taken at eight o'clock. 
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PATENT LAW REFORM. 

WE are glad to know that the patent question 
has been receiving attention at the hands of the 
Philosophical Society of Glasgow; and we trust 
that other important associations, such as the Insti- 
tution of Mechanical Engineers (most of whose 
members are patentees), and others which have been 
active in the past will be energetic in the future, not 
only for the good of their own members but for that 
of the country. This action is the more mwa f 
as the announcement made in the Queen’s speec 
yesterday shows that further attempts at legislation 
are to be made during the present on. . 

It is the wish of the Glasgow body that in ‘the 
event of any Bill being’ brought before* Parliament 
during the ensuing session for the amendment of 
the law relating to patents for inventions, certain 
provisions shall be included. Without giving the 
whole of the reasons adduced, which are not in- 
variably logical, we may mention that the points 
referred to include perenne for reducing the pre- 
sent stamp duties and Patent Office fees—for extend- 
ing the term of Letters Patent to atleast 21 years— 
and for securing an ‘‘ efficient” (whatever that may 
mean) preliminary examination of all applications 
for Letters Patent, with the view of drawing the 
attention of the applicant, and to warn the public 
with respect to what stands recorded in ious 
specifications, thereby enabling the applicant to 


avoid the risk of repatenting what may appear to 
patented, or in case he resolves 
the public against possible 

that any ex- 
the power of re- 


have been already 

on proceeding, to guard 
8 or inconvenience. It is not 

aminers should be intrusted wi 





be | the Commissioners should be instituted. 





jecting applications, either on the ground of @ t 


want of novelty, or on any other ground, it is 
proposed that the power of rejecting applications 
should be vested in the Commissioners of Patents; 


to whom in all cases the applicant should have right 
of appeal. 

Of course such general propositions might be 
carried out in a variety of ways, so that it is im- 
possible to say what might be their practical work- 
ing. But so far as they speak for themselves, these 
propositions with regard to preliminary examination 
do not appear to be such as should be necessarily 
more acceptable to inventors{than the latest edition 
of the Lord Chancellor’s Bill of last session: It 
must be recollected that the notions entertained by 
the framers of the Glasgow resolutions as to the 
working out of their proposals, may be very widely 
different from the interpretation that — be put 
upon the provisions by those who would have to 
amin ister them should they become law. For ex- 
ample, novelty is a question of degree, there being 
invariably some slight difference—though it may not 
be a strictly patentable one—between the thing 
sought to be A sever pe and that by which it is anti- 
cipated or alleged so to be, hence the question of 
novelty becomes tantamount to that of “ frivolity.” 
In other words, though not absolutely identical, 
two things may be so much alike that the difference 
between them is too frivolous to be called a new in- 
vention. On the other hand, a difference that on 
paper seems frivolous even to a person presumably 
competent to judge correctly, may in practice be of 
great value. How then is it proposed to deal with 
this point? Again, as respects the right of the 
Commissioners to refuse a patent,fis it proposed that 
they should exercise this right in the case of un- 
tape applications? And where the applicant 
elects to have a patent for something upon which a 
prior patent specification may appear to bear, what 
is to be the nature of the warning that is “to guard 
the public against possible loss or inconvenience ”? 
We would urge upon the authors of the suggestions 
under notice the importance of more clearly defin- 
ing their views anent preliminary examination, 
otherwise the Lord Chancellor and both Houses of 
Parliament may not pe. ew § assume that such 
a Bill as that of last session ciently complies in 
this particular with the requirements of the me- 
morialists. Before quitting the subject of prelimi- 
nary examination we feel bound to add that there 
is to our thinking something ‘very anomalous in the 
coupling with a request for reducing the cost of 
patents, a proposal that a system of appealing to 
ith such 
a tribunal to deal with, the case of a needy in- 
ventor would indeed be hopeless. 

We do not know how many cases it is eo 
would go before the Commissioners annually, but as 
that part of the memorial relating to reduction in 
stamps and fees contains a suggestion that “‘The 
increase in the number of applications would com- 
pensate for the reduction of the scale of charges,” 
and as the examiners are not to have the power of 
rejecting applications, but the Commissioners are— 
it may fairly be assumed that the latter body, orrather 
the executive members in the Patent Department, 
would be pretty fully occupied, and that thus the 
drain upon the purses of well-to-do inventors would 
be considerable. If an unfortunate applicant could 
not afford an appeal to the Commissioners, as would 
often arise, even where a patent ought to be allowed, 
we presume he must go to the wall. At any rate 
we see no saving clause for him in the proposals 
before us. Nor do we see any provision for i 
inventors against dogmatism on the part of the Com- 
missioners, who would usually have to adjudicate 
upon mere documentary évidence and matter of 
opinion, whereas, after a patent has been some 
time in existence, and is then disputed, there are 
mostly some data to guide the court in ‘formin 
an opinion as to the merits of the invention in pores | 
practice, 

The propositions respecting preliminary examina- 
tion are followed by others, commencing with a 
suggestion that the present notice to proceed 
should be abolished, as serving no useful purpose, 
and creating unn expense, and that the filing 
of the complete specification should form the notice 
to meomsed This, if it had no other result, would 
a ably facilitate opposition and hard swearing, 

th of which often lead to considerable expenditure, 
Perhaps some inventors would prefer the present 
stamp duty of 5/. with a minimum chance of opposi- 


tion, to the alternative seemingly es age ‘our 
Glasgow friends. However, it must pe be 





observed that the system of opposition is 
not satisfactory. in this, we must not 
be misunderstood to mean the alter- 
native would be an vement, One of the most 


means a novel suggestion—is the for extend. 
ing thetime of payment of taxes, by a certain 
of grace within which they may be with 
addition of a reasonable , instead of making 
the lapse of the patent the unavoidable consequence 
of failure to pay on the day the tax is due, . The 
concluding portion of the petition deals with the 
a oO —_ - ions. It is ur 
and very properly so, t the present system 
granting pactbotiols on the filing of a provisional 
specification ought not to be abolished. It. is sug- 
gested that if the invention, as ultimately developed 
and described in the final specification, comes fairly 
within the title granted, there is no reason for de- 
manding that the final specification shall contain 
nothing but what is merely exegetical amplification 
of the provisional, Indeed: the memorial goes so 
far as to say it is contrary to the purpose of 
allowing the six months for improving the inven- 
tion, to insist that in the end the final specifica- 
tion shall contain nothing that is not substantially 
in the provisional, Our own view is that the true 
fault in present practice is to be found in the rule 
of the Commissioners, which provides that the 
visional specification must be such that ‘the law 
officer may be apprised of the improvement aad of 
the means by which it is to be ied into effect.” de 


We have always regarded this rule as going 
yond the true intention of the Act of 1852, and in 
that it does so, it leads to serious inconvenience. 
The examination of provisional specifications is left 
to clerks who have no technical knowledge, 
but who, no doubt ave to the best of their own 
judgment, are practical y able in the names of 
their masters—the law officers—to require the in- 
sertion of matter in provisional specifications which 
ought to be reserved for the final ifications. 
The result is that in order to obtain provisional 

rotection, an applicant is often i 
Fetails which his subsequent 
toabandon. Thus when the final specification’ 

with the description of the best way then known 
to the inventor of performing his invention, what is 
there described looks very different from that set 


forth in the provisional ere 

But we feel some ty in following the 
Glasgow suggestion, because we do think that if the 
provisional specification is to serve any useful pur- 
pose it ought to indicate substantially the nature of 
the invention subsequently more disclosed in 
the final ification. a under —_— title of 
he nt ee in Steam Engines,” i provi- 
sion a had reference only to some new 
form of slide valye—although we would allow the 
description in that document to be very general, so 
as to leave the inventor ample liberty to develop 
his plans during the six mentee of provisional pro- 
tection—we do not think he sh be at liberty 
in his final cation to claim an improvement 
in the condenser, or other part of the 
having no direct and immediate relation to the im- 
provement forthshadowed in his provisional specifi. 
cation, although coming fairly within the title 
granted. Probably the Glasgow memorialists would 
not dissent from this view. 

Further, we would observe that if there is to 
be legislation we should prefer to have it on the 
basis of the resolutions of the Institution of Me- 
chanical Engineers, which a in our issue of 
~ = of June be ‘Goer whilst Me veneting 

e advantages of the w pro 
preliminary examination, they effectually po 
against any arbitrary exercise of power, or the 
enforcement of erroneous judgment: which might, 
and probably would, do incalculable mischief. But 
the time for legislative interference has not yet 
arrived. The Patent Office is, and must long 
remain, totally unprepared to undertake the sug- 

sted preli examination, It would soon 
2 in a hopeless state of confusion, worse, if 

ible, than that of the Trade Marks Registry. 
What is most urgently demanded is that some 





person or persons should be placed in authority 
who should be capable of managing the affairs of 
the de ent in a and liberal way, 
and mete its resources to the utmost 
furtherance national progress. We make no 
eens against the many. old and. well-tried 
public servants in the Patent Office, whose 


courtesy 
and attention are proverbial with frequenters there; 
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that the department should cease 
by such ill-judged imony as 
is evidenced in the matter of the specifications. 

Such courses, if persisted in, cannot fail to cri ple 

the department in all ways, whereas the public 
interest demands that the operations of the Patent 
Office should be extended under the fostering care 
of public-spirited and enterprising men, who know 
po rightly appreciate the good it is capable of 
effecting for the country at large by promoting the 
interests of inventors to the utmost. To this end 
we favour the recommendation of the Society of 
Arts, that additional Commissioners of Patents be 
appointed, and the result observed before attempting 
further legislation, a pro that has, we have 
reason to believe, received more widespread sup- 
port of an influential character than any other of 
recent date pertaining to Patent Law administra- 
tion. Extreme care in selection is, however, essen- 
tial to success in carrying out the recommendation, 
as we have previously pointed out, 

The Society of Arts memorial to the Lord Chan- 
cellor, the text of which we printed about two 
months ago, was presented to his lordship a few 
days back. As may be remembered, the petition 
asks that the powers under the Act of 1852, relative 
to the appointment of one or more additional Com- 
missioners of Patents, may be put into force. It is 
suggested that the Commissioners so appointed shall 
be entrusted with the full and entire responsibility 
of ing out the duties of the office, and that 
no further legislation shall be attempted until after 
such Commissioners shall have been appointed, and 
the system contemplated by the Act inistered in 
itsintegrity. The petition is signed by 1145 persons, 
amongst whom arefourmembersof Parliament, known 
as taking a prominent interest in patent matters, se- 
veral distinguished members of our own profession, a 
large number of patent agents, and some hundreds of 
manufacturers engaged in various branches of trade 
throughout,the country. Many signatures are ob- 
viously those of members of mechanics’ institutions, 
andthe frequency with which the names of persons 
occur whose ordinary avocations are not even re- 
motely connected with patents would seem to show 
that the question is at length being taken up by the 
public at large. The great o é to Patent Law 
reform has hitherto been the apathy of the general 
community. Patent Law has always been looked upon 
asan exceedingly difficult and ical question and 
it has never been in any sense ‘“ —s although, 
if people only realised the fact, they are largely con- 
cerned in the encouragement of inventors by a wise 
and beneficent Patent Law. We do not desire to 
make too much of this feature of the petition, 
but it will hardly be denied that the body of public 
opinion represented by the signatures to the Society of 
Arts petition is exceedingly important, and as we 
have already shown, it is not the opinion of a mere 
clique or party. We have been at the pains to 
keep our readers fully informed during the past two 
sessions as to the number of petitions presented to 
Parliament on the subject of the Lord Chancellor’s 
Patent Bill, The petitions in favour of that mea- 
sure were so ridiculously insignificant as not to be 
worth mentioning. Petitions for modifications in 
various directions were plentiful, but of all the peti- 
tions presented not one was so numerously and so 
influentially signed as is the memorial now under 


notice. 

If Lord Cairns possesses the statesmanlike 
qualities which his friends and admirers claim for 
him, he cannot help being influenced by the docu- 
ment which has just been presented to him. Should 
his lordship decide to t the prayer of the 
memorial the selection of the right men to fill the 

ts will be a matter of some anxiety and difficulty. 

is has always struck us as the weak of the 
scheme, and it will hardly be maintai that Lord 
Cairns’ recent appointments at the Patent Office have 
been a success so far as the public interests are 
concerned. Few men have had such an opportunity 
as that enjoyed by Mr. Lack when he succeeded to 
the post so long occupied by Mr. Woodcroft. He 
had a great reputation at the Board of Trade, but 
his administration of the Patent Office can hardly 
have satisfied even his friends. As to whether it 
has satisfied the public, let the general tone of the 
press decide. His post is not an easy one by any 
means, but then it is the test and trial of a public 
man whether he overcomes the difficulties of his 
position, or allows them to overcome him. 

That a Select Committee or a Royal Commission 
will be asked for during the ¢ session is almost 


but we do insist 
to be 


made to include also an inquiry into the working of 
the Trade Marks ee Acts and the Designs 
Registration Acts, both of which are under the 
control of the Commissioners of Patents. A Parlia- 
mentary inquiry would give an opportunity to the 
ntlemen who have appended their names to the 
iety of Arts petition to ress their views to 
the fullest extent, and to develop the details of their 
scheme. It might also have the effect of bringing 
to light a certain secret report on the Patent Office, 
which it was admitted in the House of Commons had 
been made to the Commissioners, but. which the 
Government refused to lay on the table, on the 
ground that it was of a purely private and _— 
mental character. Some members of the House 
thought differently, however, and urged its produc- 
tion on the supposition that the recommendations, 
if carried out, would tend to curtail the privileges 
which the public had hitherto enjoyed, and we may 
add highly appreciated. This was denied by the 
Parliamentary representative of the Commissioners 
of Patents, but it is a very remarkable fact that the 
public have lately been deprived of certain facilities, 
and for no apparent reason. Is this deprivation caused 
by the carrying out of the report, oris ita mere coinci- 
dence? In the latter case it would be interesting 
to know who has been the prime mover in the so- 
called “‘ reforms” in the Patent Office. 





LONDON WATER SUPPLY. 

Tue question of the water supply of London has 
hitherto been mostly discussed in reference to its 
quality and quantity. Recently, however, a numerous 
and influential deputation, including the members 
of various vestries, &c,, of the metropolis and of the 
National Chamber of Trade, had an interview with 
the Home Secretary, Mr. Cross, to present a me- 
morial cone of the charges made for domestic 
water supply by the metropolitan companies. The 
deputation was introduced Sir Charles Russell, 
M.P., and among the speakers were Sir J. C., 
Lawrence, M.P., Mr. McCullagh Torrens, M.P., 
&c, Sir C. Russell stated that the deputation re- 

resented seventeen metropolitan vestries and local 
is, and the Council of the National Chamber 
of Trade. He d that the metropolitan supply 
should not only good but also ata obo « A 
cost. Under the various Acts obtained by the com- 
panies they were able to charge for their water 
upon the annual value of the house, and the Acts 
had been interpreted to mean the gross annual 
value ; and as within the last 25 years the rateable 
value of the metropolis had doubled, they were of 
opinion that at the time the Acts conferring these 
vast powers were obtained it was not contemplated 
that there would be so great an increase in the 
charges of or requirements for water. It was, 
therefore, suggested by the deputation that the 
companies should be amalgamated under some 
central authority, which could but result in better 
ent, economy, and improvement in re 
to the quality and continuous supply, thus tending 
to diminish the financial burden now resting on the 
metropolitan ratepayers. At present the companies 
had power to refuse to supply water by meter 
except on the condition that 25,000 gallons were 
consumed in the quarter. As to the present charges 
of the companies it was a fact that water of the 
value of fourteen shillings was now often charged 
at the rate of as many pounds. 
Mr. Attenborough, as chairman of the National 
Chamber of Trade, urged that at present the rate- 
payers were entirely in the hands of the water com- 


panies, who a total capital of 14,000,000/. 
and very arbi powers. A continuous supply 
had been promi but not yet given. He pointed 


out the unfairness of the method of charge on the 
rateable value of houses, and called attention to the 
continuous increase of the dividends of the com- 
panies. Mr. Barron stated that the “‘ king’s shares” 
of the New River Company had had their dividends 
trebled in fifteen years, besides bonuses being given. 
He complained of the power of the peg oe to 
make an additional charge of 5s. for every closet in 
the house. Sir J.C. Lawrence stated that when the 
Water Supply Act was passed, a very different in- 
terpretation was put upon it to that now adopted 
= the companies. In the Act obtained by the 
ew River Castner the term domestic use applied 
only to dwelling-houses, and a clause was inserted 
giving power to charge 1/. up to 4/. each closet, 
ndon had many commercial buildings where there 


value. The meter question had been greatly 
neglected, and as regards the dividends of the 
companies every effort was made to keep them up 
so as to raise the prices of the shares in case of 
compulsory purchase. Mr. Torrens pointed out 
that while in 1852 the valuation of the metro- 
polis was about 11,000,000/., the present value was 
23,000,000/. 

Mr, Cross in reply gave some remarks objective 
to the arguments of the deputation, and declined to 
make any reply as to whether he would, with the 
Government, encourage any scheme of purchase 
which would involve a sum of about 14,000,000/. 
He promised, however, that the whole subject, 
especially in regard to the supply of water for the 
extinction of fires, should have his best attention, 
As in the case of almost every deputation to 
Government authorities, the result was zi/, and was 
about as much as could be expected. During the 
last two sessions the question of purchase of the 
metropolitan water companies has been before 
Parliament, and been ignominiously dismissed, 
sharing the fate of similar Bills in regard to the gas 
interest. Speculation and investment in joint-stock 
ae was formerly confined to the wealthy 
middle classes, but now lists of shareholders in such 
undertakings give the names of members of both 
Houses of the Legislature, hence their personal in- 
terest must be naturally affected by any sudden 
change of any large method of investment. But 
legislation in past years has put so much power in 
the hands of such companies as to enable them to 
defy any attempt at such a change, as was fully 
shown by the evidence before the Select Committee 
on the metropolitan gas question. We are glad to 
find that the Metropolitan Board of Works have 
resolved to take the question vigorously in hand. 
As regards the quality of a large portion of the 
London supply, the report of the Registrar-General, 
for a part of last January, showed that owing to 
the presence of a large amount of living organisms, 
due to the flooding of the Thames, the water was 
utterly unfit for domestic use. It would be useless 
here to recapitulate the arguments that have been 
brought forward for the last twenty years to show 
the necessity of immediate and effective legislation 
on the subject. It may be difficult to find by means 
of wells, &c., a sufficient supply to replace the 
many one, but the recent success in the Colne 

alley, where the supply is now got from the chalk, 
together with the numerous private wells now 
existing in London, from which an excellent water 
is obtained, leads to the belief that at least our 
present supply is capable of immediate and great 
improvement, As regards the financial question, it 
only remains to follow the example set by the gas 
agitation, that is to get a Select Committee to in- 
vestigate the whole subject, and thus arrive at some 
accurate idea of present conflicting interests, with a 
view to their being settled on a basis that would be 
just to all parties. 





ROLLING STOCK ON FRENCH 
RAILWAYS. 
In an article published in the current number of 
Bulletin de la Société @ Encouragement, M. Baude 
gives an elaborate analysis of the relations between 
rolling stock and traffic on the six principal French 
railways. The greater part of this information is 
comprised in a series of twelve tables, which show 
the fractional parts of a locomotive and carriage or 
wagon required to earn 1000 francs (40/.), both 
for high and freight services, and taken over 
a period of ten years. These data were compiled 
by M. Regray, engineer-in-chief of the Eastern Rail- 
ways of France, in order to estimate the amount of 
rolling stock required for new railways, the traffic 
on which could be closely approximated. Thus, for 
example, the Eastern Railway of France for 1874 
gives the following results : 





was really no water laid on except for the closets, 





absolutely certain, and it might with advantage be 


and yet the houses were at their rateable 


miles. 
Number of miles opened for traffic og 
Passe’ receipts... don bob 1,074,830 
Receipts froma mails, baggage, &c. ... 237,282 
Which gives a gross mileage receipt : ‘ 
For - 768 
For po ay &e. 169 
£937 

The rolling stock in use was: 
Locomotives ove oe eee eve 396 
Togeage Vans ... pee ood ma 681 
Horse andtrucks. ... ooo 151 
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The following fractional parts of unity for each 
class of rolling stock were required to earn 1000 
francs during the year : 


Locomotives ... a 
Carriages iis J 

L Vans ... my one 0.01416 
Horse boxes and trucks ee 0.004629 


In the same way for the freight service it was found 
that the proportions of rolling stock required to earn 
the same amount were as follows : 

Locomotives ... oe ‘as Keer 0.00814 

Shunting engines... pe 0.000646 

Wagons of all classes ae i= 0.3566 

It will be readily seen that such data are valuable 
in estimating the amount of rolling stock required for 
new lines to carry a certain amount of traffic. It is 
interesting to compare the results obtained by 
different companies, working independently, but 
under similar conditions. For the Eastern lines 
the means for the years 1860 to 1869 inclusive are 
taken by the author before the réseau was reduced 
by the cession of Alsace and Lorraine. For the 
orthern Railway the means for 1864 to 1869, and 

for 1873 and 1874 are taken, two years being 
omitted, as giving quite abnormal conditions. For 
the Paris, Lyons, and Mediterranean, the Orleans and 
the Western and the Southern systems, results abso- 
lutely comparable—that is results taken over the 
same eight years—were obtained. These results are 
summarised as follows, the unit of earnings being 
taken as before at 1000 francs. 





Passengers. Horse Freight. 
Lug- | Boxes 
Railways. g2g° |) and 

Loco- | Car- | V®28-/Trucks.| Loco- | Wa- 
motives.| riages. motives.) gons. 








Eastern .., es.|0.011229 |0.057 |0.01416 |0.004629 [0.006557 |0.26468 
Northern .-.{0.00698 |0,02995/0.01277 |0.0049 [0.007495 0.287 
Paris, Lyons, & 
Mediterranean|0.00717 |0.0297 |0.00877 |0.0041 {0.005967 |0.2826 
Orleans ... +e-/9.0078 0.0413 |0.0088 [0.0047 0.005378 |0.1959 
Western ++e/0.0077 [0.04796 |0.00566 |0.0047 0.00688 |0.2839 
Southern ...{0.00972 |0.0615 |0.01746 |0,00808 |0.005111 asers 























These figures show a remarkable accord, especially 
the ones relating to the goods traffic. The most 
dissimilar are those for the Northern and Orleans 
systems. Forevery 1000 francs the former employs 
0.007495 locomotives and 0.287 wagons, whilst the 
Orleans gains the same receipts with 0.005378 loco- 
motives and 0.1959 wagons. This would appear to 
show that the latter commands somewhat higher 
tariffs than the former, the freight on which in fact 
consists very large of coal and minerals, 

Of course, neither a uniform filling of passenger 
carriages nor loading of wagons can be insured, and 
the latter often are despatched one-half or one-fourth 
full. Traffic managers can doubtless do something 
to improve the present state of things, but where the 
traffic in one direction is greater than the other, a 
large amount of stock has to be run empty, and the 
coefficient rises. The tables compiled by M. Regray 
are too extended for us to reproduce, although they 
form a very valuable addition to railway statistics. 
We have however summarised the results obtained. 








BESSEMER STEEL PRODUCTION IN 
THE UNITED STATES. 

We have on several occasions, during the last 
three or four years, published the details of extra- 
ordinary outputs of Bessemer ingots, during periods 
of days, weeks, and months ; notably those of Mr, 
Forsyth, of the North Chicago Works, who has of 
late quite maintained the lead. But it has been 
reserved for the Edgar Thomson Works, at Pitts- 
burgh, under the superintendence of Captain 
William R. Jones, to make the highest tonnage of 
ingots, blooms, and rails in 24 hours. On the day 
and night of January 9th the number of heats from 
a single pair of vessels was 53 ; the weight of ingots 

elded was 3524 tons; all these ingots were taken 

ot to the reheating furnaces, and then rolled from 
l4in. square to 7$in. square, making three rail 
blooms each, and meanwhile the rai! train rolled 858 
rails of 58 lb. per yard, making a total of 221} tons. 
Captain Jones has recently thoroughly overhauled 
these works, and has made many improvements in 
detail, the more important of which will be illus- 
trated in our series of articles on Iron and Steel 
Works and Manufactures in the United States. 





ee Battways.— Extensions of time have been 
gran or the completion of li j 
- fen Benn ye 0 hy = from Aranjuez to 


to Seville. 


to Malpartida, and from Placencia and Merida 


Montbuig, from Madrid | POSS¢ss! 








IRON AND STEEL AT PHILADELPHIA. 

MANUFACTURES AND WORKS IN THE UNITED STATES, 

By A. L. Hotiey anp Lenox Sutra. 
No, V.—Tue Exursits or Great Britain, 

AN intelligent Englishman, who might be well 
read in the official statistics of the British iron 
manufacture, and who might also be familiar with 
the range and technical character of British iron and 
steel products, would undoubtedly have concluded, 
upon —e British exhibits at Philadelphia 
with British exhibits as they may be found on every 
sea and in every country within, and almost, 
without the limits of civilisation, that British iron 
and steel manufacturers had, in a fit of anti- 
protective wrath, resolved to make the least possible 
show at Philadelphia. This was a case, however, 
in which the gods did not damage those whom they 
vexed, for the characteristic excellence and variety 
of the British iron and steel manufacture cro < 
out of the limited exhibit at Philadelphia, pag is- 
et itself to experts, in a manner which even 

ritish indignation at Transatlantic ri could not 
conceal. However exercised, John Bull may get 
over the products for every-day use, whic is 
neighbours are making for themselves, the conspi- 
cuous excellence of those specialties which he chiefly 
produces in Sheffield, in every variety, from tough 
armour-plates to fine wire, are not likely to 
overlooked by buyers for many years to come, and 
have not been overlooked by expert observers at 
the Centennial from every country. Great Britain 
could not very well help making a good exhibit if 
she made any, despite her evident and undoubtedly 
unwise determination to make the least exhibit 
possible. 

The most rep apa of the limited though 
practical exhibit of England was the display of heavy 
armour plates from the establishments of Sir John 
Brown and Company and Charles Cammell and 
Company, as tested by the Admiralty. Sir John 
Brown and Co. showed a portion of an 8-in. plate cut 
from a plate 7 ft. 8 in. a and 6 ft, wide, which 
was tested at Portsmouth by 9 shots from an 8-in. 
smooth bore carrying a 60-pound cast-iron 
shot, the charge of powder being 13 1b., and the 
range 30 ft. Another specimen was shown which was 
cut from a 9-in. plate, 3 ft. 2 in. long and 3 ft. 1 in. 
wide, tested by 4 shots from a 7 in, muzzle-loading 
rifle using Palliser’s pointed chilled iron shot, the 
charge 0 
To show the character of the workmanship a piece 
of 14-in. plate measuring 2 ft. by 4 ft. was exhibited, 
having its edges planed, and showing the welding of 
the plate, which was highly creditable, being without 
a single discernible imperfection. 

Messrs, Cammell and Co. also exhibited a number 
of armour plates tested by the Admiralty. Among 
these is a portion of an 11-in. plate 16 ft, long, 3 ft, 
Gin. wide, and weighing 9002 lb., cut from a plate 
16 ft. lin, long, 3 ft. 6 in. wide, and weighi 
24,717 lb. The plate was made for H.MS. 
Téméraire, and was tested at Portsmouth by 
four shots from a 7-in. muzzle-loading rifle 
using Palliser elongated chilled iron shot, the -_ 
of powder being 18} lb., and the range 30 ft. 
Another tested specimen was a piece of 8-in. plate 6 ft, 
long, 7 ft. 43 in. wide, and weighing 13,867 lb., cut 
from a plate made for H.M.S. Rupert, and tested at 
Portsmouth by nine spherical 68-lb. shots from a 
68-pounder smooth bore gun, the charge of powder 
being 13 ]b., and the range 30 ft. A notable feature of 
this exhibit was a portion of a 22-in. plate 2 ft. 10 in. 
long, 1 ft. 10 in. wide, weighing over 2 tons, this being 
a part of a plate weighing over 35 tons, made for 
the royal Italian Government, and destined for test 
at Spezia by the 100-ton 19-in. Armstrong = 
This specimen was exhibited more especially to show 
the perfection of the weld, which is remarkable, 
there being, apparently, uniformity and homogeneity 
throughout the entire thickness of the plate. 

The results of the tests of the plate exhibited by 
Sir John Brown and Co. and Messrs, Charles 
Cammell and Co. are highly creditable, the 
superior quality and wonderful resisting power of 
the material being shown by the fact that notwith- 
standing the great severity of the tests, and the short- 
ness of the range, no cracks were visible outside of 
the area of impact of the shots, nor were there any 
cracks at the back of the plates. The soundness of 
the welding was proved by the absence of lamination. 
The entire exhibit constituted a forcible proof of 
superior quality and workmanship, as well as of the 
ion of powerful machinery and suitable 
mixtures of iron adapted to this special purpose. 


owder being 14 lb., and the range 30 ft,’ 








Both these companies, however, might have shown 
more conspicuous evidences of their excellence in 
this line of manufacture, 

The West Cumberland Iron and Steel Company 
exhibited samples of coking coals, coke made from 
coal crushed in Carr’s disintegrator, fractures of 
Bessemer pig, plates bent hot and cold, steel rails 
twisted and bent cold, and more y, asan 
evidence of eer, a plate which had been sub- 
jected to the dynamite test, the form of the fracture 
in this case denoting the great strength and body of 
the steel. In of the number of specimens the 
exhibit was not large, but it demonstrated superior 
quality of material and creditable workmanship. It is 

uite in accordance with the scientific proprieties, 
that a work meaeae ae of the leading me- 
tallurgical experts of England, Mr. Snelus, who 
is the best known in America of English experts, 
always excepting Dr. Siemens, should be the 
only Bessemer works to make a display at Phila- 
delphia. The West Cumberland exhibit, small as 
it was, portrayed in a characteristic manner what can 
be done by the Bessemer process in England with 
the ores of the Cumberland district. 

The Landore Siemens Steel Company exhibited 
models of the Siemens gas furnace as applied to the 
iron andsteel manufacture, including Siemens’ rotator 
for the b pe seme of malleable iron directly from the 
ore, and also as oe to the glass manufacture. The 
most important demonstration which Dr, Siemens 
could make, the demonstration of the economy of 
his furnace in respect of fuel as well as of oxidation 
of the metal treated, would be impracticable in any 
other exhibit than that of actual working conditions. 
The Landore Steel Company, however, exhibited a 
case of steel specimens tested by the Admiralty, 
which, although too small to attract general atten- 
tion, was one of the gems of the Exhibition, in res 
of quality, but chiefly in respect of character of ex- 
hibit to prove quality. The specimens of steel were 
twisted and distorted, as specimens usually are, to 
prove quality, but all the marks of the instruments 
which produced the distortion were left on the speci- 
mens, There was no attempt to off hot-bending 
as cold-bending, by blackleading or polishing. 
‘There could y be more conclusive evidence of 
the toughness of the Landore Siemens plates than 
was furnished by this small case of samples. 

Messrs. William Jessop and Sons displayed an in- 
teresting collection of ingots, wire, plates, and other 
forms of finished product. Among the latter was a 
steel sheet of No. 14 gauge 96 in. long and 24 in. 
wide, a disc of No. 3 gauge 88} in. in diameter, and 
a sheet for band saws 223 ft. 4 in. in length.. The 
display was a very creditable one, and the specimens 
were remarkable for their handsome finish. Mr. 
Thomas Whitwell exhibited a model of a furnace 
with Whitwell’s patent hot blast stoves and a case 
containing some beautiful specimens of Bessemer 

ig irons made in a furnace using his patent hot 
blast. Mr. W. D. Houghton, of Warrington, made 
a creditable display of steel music wire, the most 
remarkable en being a coil of No. 12 gauge 
wire weighing 111 lb,, the breaking strain being 
1500 1b. Messrs, William Smith and Son, of War- 
rington, exhibited specimens of steel wire, among 
which was a piece yy in. in diameter, 2260 yards in 
length, and weighing 181} lb., the breaking strain 
being 1580 lb. 

Among the interesting features of the English 
exhibit were several displays of tin plates which are 
worthy of especial mention. Messrs. Hatton and 
Sons and Henry Nash and Company exhibited some 
large and handsomely finished tin plates, and the 
latter also showed vessels of unusual size which were 
stamped from his plates, Messrs. E, Monwood and 
Sons, Llanelly, Wales, and the Governor and Com- 
pany of Copper Miners in ogeee exhibited some 
tin and terne plates remarkable for large size and 
very high finish. 





Tu Precious MeraLs.—The production of the precious 
metals in the American states and territories west of the 
Missouri in 1876 was as follows: gold, 44,328,000 dols. ; 
silver, 41,536,900 dols. 





Frencu Rartways.—The aggregate receipts of all the 
railways of France, in the first nine months of last year, 
amounted to 25,251,766l., as com with 25,052,7701., in 
the corres) i period of 1875, showing an increase of 
198,996. last year. The extent of line in work- 
ing at the close of ber, 1876, was 12,668} milee, as 
compared with 12,228} miles at the close of September, 
1875. It follows that in the twelve months anding atom, 
ber 30, 1876, new lines were opened in France to extent 
of 440§ miles. 
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THE SEWAGE QUESTION. 
Ar the ninth ordinary meeting of the present session of 


the Institution of Civil ap roost hel 
of February, Mr. George Robert Stephenson, dent, 
the chair, a paper was read on ‘‘ The Sewage Question,”’ 
by Mr. C. Norman be. 
The object of this communication was stated to be two- 
fold. First, to limit and define the proper application of 
the various systems introduced from time to time fordealing 


with the nevege of towns. Secon 2 
certain su inate questions arising upon the practical 


Be, 


following a : 
with chemicals ; 2. Application of sew: to land, including 
irrigation and intermittent down filtration ; 3. The 
dry-earth system; 4. The Liernur or pneumatic system ; 
and, 5. Sea and tidal outfalls. , 
1. Treatment with Chemicals.—In this section of the 
paper, reference was made in considerable detail to the 
i rience of the lime process at_ Leicester, 
ottenham, Blackburn, and Birmingham ; the AB C process 


at Leicester, mn, Crossness, Hastings, Southamp- 
ton, Bolton, and s; the sulphate of alumina process at 
Coventry ; the hosphate of alumina process at Tottenham, 
Barking, and Hertford ; Goodall’s process at Leeds ; Bird’s 


process at Cheltenham and Stroud ; Dugald Campbell’s 
rocess at Battersea ; and Whitthread’s process at Totten- 

. It was stated, generally, that the experience of these 
rocesses was more or less identical with that which had 
te derived from Holden’s, Hille’s, Lenks’, Savern’s, 
Scott’s, and in fact all other methods in which, by the ad- 
mixture of chemicals, it was sought to effect the purification 
of sewage by the precipitation of the dissolved and sus- 
pended impurities, and the ultimate realisation of the pre- 
cipitate in the form of a manure. This experience, coupled 
th opinions of Professor Frankland, Mr. Krepp, 
and . which were cited, was relied upon as 
establishing the following conclusions: That no chemical 
could efficiently deal single-handed with sewage, 

ut must be assisted by subsequent natural or artificial 


filtration of the treated se , and therefore no chemical 
process per se should be ado for the purification of town 
The ipal objections to chemical processes, 


y rinci 
a upon the experience of the places where 
they had plontes, and upon which this conclusion was 
founded were, inefficiency of treatment, cost of treatment, 
and difficulty of manipulating the accumulations of sewage 
sludge. 

2. Application of Sewage to Land.—The author first 
considered whether —— be made to er an agri- 
cultural profit. The Parliamentary return of 1873 was re- 
ferred to, and the financial position of the Warwick farm 
was specifically examined. The question was also raised, 
whether sewage possessed any fertilising value beyond ordi- 
nary water for the purposes of irrigation, and the ex- 

rience of the Barking farm haying been appealed to upon 
Eais point, the conclusion was laid down, that no profit 
ought to be ex: from the cultivation of crops by ange 
i tion. The next point discussed was whether any de- 
finite standard could be laid down as to the proportion 


pulation should bear to a in the practice of 
Erigation, the proportions exhibited by eleven towns being 
referred to, pod ¢ it was determined that it was impossible to 
frame a specific rule. The theory of intermittent downward 
filtration was then tes wean) as based upon the labora- 
tory experiments of the Rivers Pollution Commissioners ; 
oat it was argued that the proportions which they had 
affirmed population might bear to acreage, ranging in the 
case of 1 acre drained 6 ft. deep from 2000 to 3300 persons to 
the acre, were too high, and were. not justified by the ex- 
periments. The practice of downward filtration at Merthyr 
was next referred to, and it was shown that the extent of 
its practical operation there had been ex: rated, and that 
the results confuted instead of co the proportions 
of the Rivers Pollution Commissioners. The experience of 
Walton and of Kendal was also reviewed, and the follow- 
i neral conclusion completed this section of the paper : 
That where land could be acquired at a reasonable rate, 
ae was the best and most satisfactory known system 
for the disposal of sewage, but that intermittent downward 
filtration might be practised where the necessary surface 
area for broad irrigation could not be obtained. Experience, 
however, showed that the Y ped agri ey yg of popula- 
tion to acreage, where land was drained 6 ft. deep, should 
in no case exceed 500 or 600 persons to an acre ; 
8. The Dry-Earth Bn peer Te applicability of this 
system to towns was considered, it was shown'that 
it must be supplementary to, and not substitutive of, a 
water-carriage system, thus enormously increasing the cost 
of ing sani’ provision for towns. The effect of its 
introduction into the metropolis, as a test case, was illus- 
trated by figures, to prove that it would be superfluous, 
costly, cumbrous, and impracticable. Indeed its applicability 
became diminished in the inverse ratio to the increase of popu- 
lation, to which it was proposed to apply it ; and though it 
might be occasionally used with advantage in hamlets or 
detached buildings and institutions, it was unsuitable for 
the wants of towns. 
4. The Liernur or Pnewmatic System.—A description 
of the mechanical characteristics of this system was first 
iven, and then the experience yielded by its operation at 
syden, Ams 5 Dordrecht was specifically 
analysed. It was supplementary to, and not substitutive of, 
a water-carriage system, extremely costly, and its me- 
chanism was complicated and liable to get out of order. 
The accumulation of sewage residuum in the central reser- 
voir, and its su nent decanting into barrels, were 
operations which co not fail to be objectionable and 
ve, Its appliances were therefore not suitable for a 
high-class community, and no return from the manufacture 


whi 


on Tuesday the | 4, 


tho B.D nigh Met & paste) in the tide- 
locked cities of the Hague, where no system of sewerage 
was available, it should never be imported into an English 
wn. 

5. Seaboard and Tidal Owtfalls.—The first point con- 
sidered was the return of the sewage of seaboard towns 
upon the beach; and it was maintained that where care 
had been taken to determine by float observations the force 
and set of the currents to which the sewage was to be 
commi there was no difficulty in preventing such a 
result. The sea constituted the most natural and econo- 
mical outfall for the sewage of towns situated a it, and 
such means of outfall should be adopted. With regard to 
sewage outfalls upon the tidal portions and estuaries of 
rivers, there ought to be, arguing from the experience of the 
metropolitan outfalls, and assuming that proper precautions 
were taken in the selection of the outfall, and the exclusion 
of silt from the sewers, no danger of the silting up of the 
navigable channel. 


THE WEST CUMBERLAND IRON AND 
STEEL WORKS. 

For some time past extensive alterations and additions 
have been in progress at the works of the West Cumber- 
land Iron and Steel Company at Workington, and amongst 
other things three out of the six blast furnaces have been 
pulled down and rebuilt to enlarged dimensions. The first 
of these new furnaces was blown in last week, and in the 
course of a speech delivered after the ceremony by Mr. 
Snelus, the sagan t7 Ye manager of the works, the os 
ing interesting yertle rs were given respecting the im- 

rovements in the plant. ‘‘ The furnace they had just 

lown in,’”’ said Mr. Snelus, “‘ was one of three which had 
been raised ; a large sum of money had been spent on them, 
but a much increased yield with the same amount of cost, 
would be secured, and result in a benefit to the company 
and all interested in it. The new furnaces were 70 ft. high, 
and 18 ft. 6 in. wide at the widest part, and he expected that 
the furnace manager was going to turn out between 500 
and 600 tons of first-class iron per week. The average yield 
of the old furnaces was about 350 tons, and though they 
had done well—particularly during the last fortnight when 
the average was greatly exceeded—he hoped that the new 
ones would do very much better ; if they did realise that 
earnest expectation that they would do well for those who 
work for the company, and for thes hareholders also. They 
had also started a very big pair of engines in the rail mill de- 
partment, together with new furnaces. These engines were 











the largest pair in the world used for the purpose of 
driving a mill for rolling steel rails. They were compound, 
condensing, and reversing engines; they ran smoothly, 


were of immense power, much more economical in working 
cost than the other rail mill éngines, and altogether 
he felt very proud of them. _ He was also proud of the 
furnaces, and he could say they were as g as any in 
Cumberland. It had been atime of great anxiety, not 
only in the execution of these improvements, but it was a 
great strain upon their resources to complete orders at the 
same time, but he now saw the end approaching of the 
vast alterations they had so fe! go He and so wisely 
undertaken, and when a revival of trade, which they were 
all expecting, came, the company would be in a most ex- 
cellent position to produce a large output. Too much 
credit could not be accorded to their engineer, Mr. Wood, 
and to Mr. Harrison, the blast furnace manager, for their 
share of the work.’”’ Mr. Snelus next referred to the rail 
mills and hoped soon to have, by the assistance of Mr. 
Hill, the capacity of that department increased from 600 
tons per week to 1200 tons, which would be a great result 
and an immense benefit to the company. They had made 
a great stride in the Bessemer department ; last week some 
150 tons of steel had been made more than they had ever 
made in the same time. He wanted to catch the Americans, 
who, somehow, managed to get the amount of work done 
with about half the plant, and if they did not overtake 
them it would not be for want of trying. He was sorry to 
say that a part of the works—the plate mills—were stand- 
ing idle, for want of orders; they had done good work up 
to this week, and he hoped to have them going again in a 
fewdays. He said it would interest many to know that in 
1856 there was no steel made by the present process, which 
was only introduced commercially by Mr. Henry Bessemer 
about 1860, and at the present time in England alone 
they had rail mills and steel works capable of turning out a 
million tons per annum, whilst, in addition, there were 
works being put down that were ex 
turn out a further quarter of a million tons of rails per 
year. It would be evident to all that these enormous 
strides in a “ae could = be -— — 
great changes taking ce in plans and appliances, 
and unless the older works took care they would have 
no chance in competition with the newer works which 
were now being erected with the full benefit of all 
the experience so recently gained. It had been his 
study to introduce every possible economy into the works, 
and he need scarcely remind those present that in addition 
to the great works just alluded to they had also carried 
out two others during the last two rs that must be a 
great benefit to the company in the future. These were, 
first, the new water works. They had started their new 
pumping establishment a short time since, from which they 
were now receiving a supply of first-rate water, and already 
their boilers and fittings were bowing. ie advantage 
derived from this. When he told them that this pumping 
establishment was estimated to cost 10,000l., that they 
could pump about 4000 gallons per minute, if necessar 
(although they did not need to pump much over one-third 
of that at present), and that their reservoir would hold 
17 hours’ supply, and their main pipes were considerably 
over a mile in length, and their wdieg ponds and courses 


over a mile and a half, they would see that there must 


ted to be able to | Leeds 


was, however <4 thoroug Fess ge nits the work, and the 
encomiums upon pumping engines 
afforded him great pleasure, and reflected teodit apo Mr. 
Wood, the engineer. He hoped in a week or two, as soon 
ae Of the good wg ate soe = 

‘Of the water supply co , in-place 
of the inadequate and very durty metas est now 
receiving from the town mains. The vy work 
which had been carried out during the past two years 
was the arrangement for taking the iromin a molten state 
from the blast furnaces to the converter. They would 
remember that the carrying out of this work entailed 
considerable ss at the Bessemer works last 
year, and consequent loss of make, but it was some satis- 
faction to know that the plan is successful, and that 
they were now deriving considerable advantage from it. He 
heped to derive more as they got more furnaces into blast. 
He did not think their arrangements for the production of 
steel rails could be beaten, and he need tell them 
how sharp the competition was for orders, and that was a 
strong reason wh officials should make a common cause, 
and by a long pull, a strong pull, and a pull altogether, and 
by the exercise of thorough economy, keep the works in the 
van, for in no works could rails be made either better or 
cheaper, and this he could say without egotism. A subse- 


quent speaker, Mr. Davies, the Advani nepenter: of the 
the West Cumber- 


steel mm in course of manufacture by 
land Iron and Steel Company, in replying to a toast paid a 
well-deserved tribute to the energy and skill which Mr. 


Snelus has brought to bear upon the manufacture of such 
plates, and complimented the manager and others on the 
success with which they had surmounted some preliminary 
obstacles in producing the exact sort of steel required by the 
Government, which was different to that they had formerly 
made. In the commencement of the manufacture of these 
soft steel plates for the British Admiralty there had been 
some little difficulty owing to the material being altogether 
new, and he did fancy at one time that the Siemens plan 
had the advantage because they could keep the material a 
longer time in the furnace to manipulate it, but latterly the 
West Cumberland Company had turned out such regular! 
good steel by the Bessemer process that he believed it coal 
not be surpassed anywhere. The tests were and 
satisfactory, and came well within the range of the con- 
tracts, and that was all they desired. 


Tue INsTITUTION oF CrviL ENne@IngERS.—At the 
meeting of this wey! on Tuesday, the 6th of February, 
Mr. George Robert Stephenson, President, in the chair, 
His Majesty the King of Portugal was elected by acclama- 
tion an honorary member. It was announced that the 
Council, acting under the powers of the bye-laws, 
had recently transferred Messrs. ward Brotherton 
Carroll, Locomotive Superintendent of the B. B. and C. I. 
Railway ; He: Gooch, Engineer of the Cardiff Water 
Works ; James Lemon, Borough Engineer of Southampton ; 
and William Stroudley, Locomotive Superintendent of the 
L. B. and 8. C. Railway, from the of associates to 
that of members ; and had admittedjthe following candidates 
as students of the Institution, viz. : Messrs. Francis Aber- 
crombie, George Austen, Cecil Philip William Bond, 
Harvey Caldicott, Edmund Hynde Bullivant Cracroft, 
Frank Graham Fairbank, Cecil r, Wyndham Harry 
Payne Gallwey, Thomas Moers Hoople, Edward Mayne, 
William Frank Pettigrew, John Price, Jun., Petley Lloyd 
Augustus Price, Robert Henry Read, Jonas Molesworth 
Stawell, Henry Wesley Voysey, Ernest Frederick Welch, 
Francis Samuel Wilde, and James William Wyatt. The 
monthly ballot resulted in the election of forty-five candi- 
dates, of — a ee namely, Messrs. Ben- 
puierdiall » M.A., Edinburgh ; bert inald 

urnett, New Consols Silver and Arsenic Works, "Oana 
ton; William’ Richard Cole, Newcastle-on-Tyne; John 
Carter Park, Locomotive Engineer of the North London 
Railway; James Reid, Glasgow; and William Fawcett 
Wightman, Sheffield; and thirty-nine associates, viz. : 
Adolphus William Ackermann, Assist. Eng., Cape Govern- 
ment Railways ; Thomas Charles John Bain, Swellendam, 
Cape Colony; Henry Osborne Baldry, Stud. Inst. C.E., 
North Extension Railway, Liverpool; Charles Edward 
Botley, Manager of the Gas Works, Wormwood Scrubs ; 
William John Boys, eer Surveyor, Walsall; Capt. 
Sidney Thomas Bridgford, R.M.A., Bn rintending Civil 
Engineer, Yokohama ; Messrs. Henry Edward Plantagenet 
Cottrell, Richmond; John Bruce Crawfurd; Hammer- 
smith; Horace Darwin, B.A., Down; Henry Davey, 
seeds ; James Gibson Dees, Whitehaven ; Gavin Gemmell 
Dick, Resident Engineer, Queensland Government Service ; 
Hugh Graham Dunlop, Manchester; George Townsend 
Fenwick, late of Trinidad; William Garrett Fitzgerald 
O’Brien’s Bridge, Co. Clare ; Edmond Rich Gabbett, Old 
Charlton; Arden Hardwicke, Stud. Inst. C.E., Borough 
Surveyor, Longton ; ag oe Harman, Brora, N.B. ; 
James Hart, Surveyor, Pendleton; Frederick William 
Heinke, Brabant Court; Henry Francis Joel, Stud. Inst. 
C.E., Dalston ; William John Jones, Malta and Mediter- 
ranean Gas egg | George McLellan, Chester ; William 
Bayley Marshall, Assistant Manager, Bridgwater En- 
= Company ; Thomas Mason, Goux Sanitary 

Ompany; Thomas Matthews, Trinity House; Alfred 
Slater Nice, Westminster; Carl August Bernhard Nys- 
trimer, Buenos Ayres ; Granville Walter Randolph, Stud. 
Inst. C.E., Mirfield; William Rogers, East London and 
Queenstown Railway, Cape Colony; Percival Walter St. 
George, Deputy City E eer, Montreal ; Edward Blake- 
way Smith, Chester; Robert Henry Swindlehurst, Super- 
intendent of Water Works, Bolton; Recaredo de Uhagon, 
Madrid ; Irwine John Whitty, Engineer and Superinten- 














” could be expected. In conclusion, it was 
that the system was of such a character 


have been a great deal of work for some one to do. He 


dent of the Kurhurballee Collieries, E.I. Ry.; Joseph 
William Wilson, Jun., tal Palace School of Engineer- 
ing ; William Wiseman, ag. Ex. -» Mehar Div., I. V. 
Ry.; Alexander Patrick Wright, ian Government 
Service ; and Septimus Yeung, 
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NOTES FROM THE NORTH. 


GuAsaow, Wednesday. 

Glasgow Pig-Iron Market.—The market was steady 
last Thgretey Seenoen. when a business was done in 
warrants at 56s. 7}d.cash, and 56s. 9d. one month paid, 
closing ‘with sellers at both quotations, buyers offering 1d. 
per ton less. ing the afternoon the market was quiet— 
sellers asking 56s. 7d. cash, and buyers offering 56s. 6d. 
There was a continuance of the dulness on Friday, and 
sellers were less firm, a decline of 13d. per ton taking place. 
As compared with the prices at the close on the previous 
Friday, there was a decline of 4d. to 44d. per ton. Business 
was done in the forenoon at 56s. 6d. down to 56s. 4$d. cash 
and 56: 6d. forrteen days, closing sellers 56s. 6d. cash, and 
56s. 7d. one month, buyers 56s. 44d. and 56s. 6d. respec- 
tively. In the afternoon 56s. 7d. one month was paid, and 
the market closed for the week—buyers 56s. 4d. cash, and 
56s. 6d. one month, sellers 13d. per ton more. There was 
a steady market on Monday forenoon with only a small 
business done in warrants at 56s. 5d. cash, closing with 
buyers still offering that price, sellers as ld. per ton 
more. The market continued steady during the afternoon, 
with sellers at 56s. 6d. buyers 56s. 44d.cash. Flatness was 
the rule yesterday forenoon, and a large business was done 
in warrants at 56s. 6d. to 56s. 5d. one month fixed, and at 
56s. 4d. cash, the market Sesing with buyers at 56s. 3d. 
cash and 56s. 5d. one month, sellers at 56s. 4d. and 56s. 6d. 
The afternoon market was steady, and business was done 
at 56s. 3d. cash, the market closing with buyers over, 
sellers 56s. 43d. This day’s market was steady in the fore- 
noon. Business was done at 56s. 6d. six weeks and 56s. 34d. 
cash, closing buyers over, sellers 56s. There was a 
steady market in the afternoon with prices as in the fore- 
noon. The condition is far from being satisfactory, but 
there is a strong disposition on many hands to make the 
very worst of it. Buying has of late been purposely kept 
back until the last moment in order to intensify the exist- 
ing depression. For the present buying for investment 
appears to have almost ceased, so that the — selling 
for a fall cannot be met. Shipping iron of all kinds is ex- 
cessively dull. All brands can be had from dealers at much 
below the makers’ quotations, while for forward delivery 
even lower prices are aecepted, in anticipation of further 
reduction in the quotations. Last week’s shipments 
amounted to 5297 tons, as compared with 6328 tons in the 
corresponding week of last year. The deliveries into store 
last week amounted to 2180 tons, the stock with Messrs. 
Connal and Co. on Friday night being 118,959 tons. 
During January the increase of the stock at the warrant 
stores was 10,234 tons, and at the close of the month there 
were warrants in circulation for 100,600 tons. There are 
now 118 blast furnaces in operation as against 117 at this 
time last year. 

Mr. James Merry.—The death has just been announced 
of Mr. James Merry, the senior partner of the well-known 
firm of Messrs. Merry and Cuninghame, ironmasters and 
coalmasters, in the seventy-second year of his age. He 
was for a dozen years or so member of Parliament for the 
Falkirk Burghs, which include Lanark, Airdrie, Hamilton, 
Falkirk, and Linlithgow. The firm of which he was the 
senior partner own the Carnbroe Iron Works in Lanark- 
shire, Ardeer and Glengarnock Iron Works in Ayrshire, 
and coal and ironstone mines in several counties. To 
people south of the Tweed he was best known as a most 
enthusiastic patron of the turf, and few persons ever had 
a longer-and more successful connexion with it. Some of 
his horses were amongst the greatest favourites of recent 
years at Epsom, Goodwood, and elsewhere. As an em- 
ployer of labour and producer of wealth there were few 
men in:Scotland who could be esteemed his rivals, and it 
must be put to the credit of his nenere and perseverance 
that during his career as manufacturer he tly added to 
the wealth and commercial progress of Scotland—a state of 
things attributable to nothing so much as the development 
of the mineral resources of the country. 

Accident to the Tay Bridge.—During last Friday night 
the Tay Bridge was subjected to the action of a most 
violent storm which resulted in an amount of injury which 
was at first thought to be a Tt has since been 
found, however, that the sum of 1. will probably cover 
all the damage and loss that the bridge has sustained. Two 
girders of 245ft. in length and weighing together about 
400 tons were in process of being got into position when 
the storm arose. They were both blown into the river 
below, and in falling they did a certain amount of injury 
to the rest of the structure in their immediate vicinity. 
Contrary to the opinion en’ i 
that it will be quite possible to have the bridge completed 
and ready for use by the lst of September. 


Institution of Engineers. — The ordi monthly 
meeting of the Graduates’ Section of the Institution 
of Engineers and Shipbuilders in Scotland was held 
on Tuesday evening— Mr. David C. Hamilton, Presi- 
dent, in the chair. An interesting discussion took place 
wm i srt canal of one 8 el, which was brought 
under the notice of the section at the preceding meeting in 
& communication by Mr. John Mayer, F.C.S. In the 
course of the discussion Mr. Mayer stated what seemed to 


him to be the advantages sessed by the Siemens 
over that of Mr. Seat acd Mr. John Miller sana 
some facts ing the steel i tions 


which are about. to 
land. Mr. 


Docks, afterwards read a valuable w the works 
connected with the docks. It was ilasteated by a good 
series of i i i i 


» and embodied many 
regarding the mode of onetrestinn and i - 
crete cylinders for the quay-.walls, nature of t eae 
in which the building operations ied on, use of 
dynamite in blasti e boulder clay, ing of the 
walls, &. . A followed, the speakers being 


tertained on Saturday, it is said | 80 


Messrs. David Johnston, James Gilchrist, Benedict, Mayer. 
and the President, A cordial voteof thanks was awarded 
to Mr. Alston, who was kind énongh toaccede to a request 
that he should on an early day conduct the members of 
the section over the works. 

al Society of Edinburgh.—The fifth ordinary meeting 
of rea society for the present session was held on Monday 
yyy hy William Thomson, President, in the chair. 
After short communications had been laid before the 
society by Professor Tait, Mr. E. Sang, C.E., and D 


r. 
», Mr. read a paper “On a 
Peculiarity of the Diurnal Hy, Curve at Geneva.” 
He said that in a work recently published by Professor 
Plantamour, on the climate of Geneva, the hourly mean of 
the aqueous vapour of the atmosphére for each month was 
given as deduced from observations made during 27 years, 
ending with’ 1875. The professor endeayoured to explain 
the facts of the diurnal — etric curve by the ~~ 
and descending currents of air co uent on the di 
march of temperature. But this only explained a small 
part of the phenomena, which was due to diurnal changes 
of wind that occurred at Geneva, — its position 
with reference to the lake, and from qualities of the 
winds as determined by the relative size of the lake. The 
hourly variation in the direction of the wind showed that 
the land and lake breezes were secagiy marked—the breeze 
from the lake prevailing mpm | those hours of the day 
when the temperature of the land was in excess of that of 
the lake, and the land breeze during the rest of the day. 
Mr. Buchan pointed out the periods of maximum and 
minimum amounts of vapour in connexion with the daily 
changes of the wind, and in explanation of these phenomena 
gave it as his opinion that the cause was to be found in the 
size of the Lake of Geneva. They were thus put in 
possession of data of the utmost im as 
the relation of the vapour of the atmosphere and its 
movements and changes to atmospheric pressure. The 
President said he had never seen so complete a set of baro- 
metric ranges from all parts of the world as had been 
placed before him by Mr. Buchan that day, and he pointed 
to the importance of this line of in reference to 
thermodynamics. He hoped that some means would be 
found for giving assistance to Mr. Buchan to enable him to 
carry on his laboriovs and valuable Professor 
Tait read a paper on “ ,’’ in continuation of previous 
communications on the same subject, and inging 
specially under review the labours of Lessing on the subject. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—There was a good atten- 
dance on Change at Mi ugh, but again the amount 
of business transacted was small. Pig-iron makers quoted 
No. 3 45s. per ton and other qualities at proportionate 
prices. The stocks of pig makers are large, but they seem 
to entertain a belief that they will be able to dis of 
their surplus make at an advantage. It inly does 
appear that prices cannot descend further, and those who 
are in a position to hold stock must benefit by it. 


The Cleveland Ironmasters’ Returns.—The returns of 
the Cleveland Ironmasters’ Association, prow Se make 
and disposal of pigiron for January, have just been issued. 
It appears that there are now 158 blast furnaces, 112 of 
which are in operation. There are five new furnaces in 
course of construction. 


The Finished Iron Trade.—The finished iron trade of 
the North of England remains ina very depressed condi- 
tion. Some people despair of there ever being again an iron 
rail trade done in Cleveland. Certainly at present there is 
no rail trade. Orders cannot be had and-many works are 
idle. Were it not for the plate trade there would be next 
to nothing to do at the finished iron works of the North of 
land. This prolo depression is exciting a good 
of attention, and the question.of steel versus iron rails 
is again being di . Great hopes are entertained as 
to the production of a homogeneous rail, 





report in the coal and coke-trades 


Engineering and Shipbuilding —On the northern rivers 
the shipbuilders and engineers continue busy. 


NOTES FROM THE SOUTH-WEST. 
Tredegar.—Puddling shows some activity here. Of the 
furnaces, 49 are now in full work, 19 more having 
Inthe rail mills things go on briskly. The coal 
quantities passing daily over the 





started. 
trade is also fair, large 
Sirhowy Railway. 

ap dag Railway.—The accounts of the Rymney Rail- 
way for the past year, subject to audit, show a balance 
sufkicient for the payment of a dividend on the ordinary 
stock at the rate of pba cent. per annum. 

Great Western Railway.—lIt is feared that the 
which the injuries caused by the late 
Bristol and Exeter line near Bridgwater, Dunball, &c., 
must, entail, will fall so penis om the revenue of the Great 
Western, that it will affect next ordinary stock divi- 


t ex- 


The Waterwitch.—Some experimental trials of the 
Waterwitch, which was removed from the Reserve to 
Portsmouth to enable the trials to be carried out under the 
SS ision of Admiral George Elliot, who is a 

in system of hydraulic » have been 
nearly brought to a close. No result seems to 
have been arrived at, and the ee eee 
laid up in reserve, but it is uncertain whether she will return 
to Devonport. 


~ 





The Eécellent.—For many years past the Excellent, 


ed! the Dry Dock Company’s 
proposal made by them tothe 
rejected. 


The Coal and Coke Trades.—There is nothing new to 1 


bee ea Tae 


eae 
¢ the most part an’ 
its had 
been ted. to. 
soruxinted with 
= is now 
the Beclon would probably shake the 





v4 ; 
carried by the Hercules and the Sultan. 
Sirhowy.—On Friday and Saturday, No. 5 blast furnace 
was blown ont p atory po batts relined and improved, 
be required . fo cooling i 


Some little time t r 
the “old horse,” but'as the orders are to 
as soon as possible, no unnecessary delay 
interfere with the progress of the work. 
sopedoes., Xs My ge ba pee _ the Solent 
early next wee a new me torpedoes 
which is considered an im ment on the method adopted 
in the Mediterranean squadron. 

The Forest of Dean.— The. Associated. iery. Pro- 
shal © pie ae ek ee Sees 
uce ‘per cent. ; 
quotations for coal. <a" z bog 
~ Newport.— A ‘committee appointed the ‘Newport 
Harbour Commissioners to ijeneauabe tot ‘ihe hase of 
» has that a 
rs of the company has 


Blaenavon,—Another pat Mie ey has been blown out 
at the works of this place owing to the slackness of the pig 
pope There are only four furnaces now in blast ou’ 
of ten: 


Penarth Railway.—The contract for the first 
the Penarth Railway has been let to Mr. Billups, 
Work is to be begun almost immediately. , 
Kidwelly.—Work, has not been suspended at all at the 
Gwendract inill aud’ wash: bonse 


Tin-plate Works. The 
emplo per. a reduction on Saturday, and the forge- 
men 
Monday; 


en, and refiners agreed to the same terms on 
Brynmawr.—Nothing of general interest has occurred 
in rt pty with the coal and iron trades of the district of 
B awr during the past week. At Rhymney and Ebbw 
Vale activity is still displayed. The hanees kale ing to 
the Nantyglo Company, sold at Beaufort on 
realised a fair price. 

Aberdare.—The coal trade of the valley has undergone 
but little during the week, although at th 
Colliries ani at Nantnely thre has beet but Seen 

e Middle lliery ing to 
Duffryn Company, i has beet ‘eteriiusl ‘$0 ‘those the 
2ft. 9in, vein, w between 250 and’300 men have béen 
ed, all of whom have now been stopped ; 18 horses 

wn up on Thursday. be . 


tion of 


onday, 


iu 


emp! 
were 





_FOREIGN AND COLONIAL NOTES. 


Rolli ee ee —The administration 
ion Bate Haren tot pdms te een 
con for eight lots of coal trucks. The 
from 25 to 50 trucks each, so that altogether ‘about: 
trucks will be ordered. It:is affirmed, however, that 
800 to 1000 new coal trucks will altogether be required. 
Great Northern Telegraph 
So man eek a ae 
‘om: ear was as. com; Ww 
in 1875. The revenue collected” 


The Belgian Iron Trade.— 
in ootiull nnd uiet state," Redctione of pegit- 
an are 
jng to be the order ofthe days; oJ @) ite 
Victorian Raihways.—The ‘network of Vi Go- 
in extent pe 
in length, was in November Excellency the 
pr thading ir* Vidor This line ig be Pg ae ‘or an 
verage , per mile. Another line— m, 
lon to Winchelsce was also opened in November by the 
Victorian minister for railwa Fie Nak: forse} posies 


m Geelong, 


ee | 


The Exhibition of 1878.~—The number of 
bitors at the International Exhibition to be held 


; 
EE 


i 
i 





in 1878 exceeds by 2000 the corresponding 
san estore a the gfeat Frencaiw of 107 ‘The 
tna iee, ' 
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WOODEN-FRAMED PLANING MACHINE. 

REecENTLY* we illustrated and described a so-called 
traverse planing machine with wooden framing con- 
structed by Messrs. Richards, London, and Kelley, ten ag 
neers, Philadelphia, from the designs of Mr. J. Ric . 
engineer, London. On the — page we now give an- 
other example of the same kind, a “ dimension” planing 
machine, as they are called in America, which is a mate 
to the one before described, but having a horizontal cut- 
ting cylinder. The carriage and main framing are of fir- 
wood, but nearly all the running parts are mounted on or 
connected with the iron standards and the cross girts 
which connect them together. The shift gearing has two 
motions each way controlled by levers, the return move- 
ment in one case being at the rate of 150 ft. in a minute. 

These machines are made constantly to plane 24 in. 
wide, and otherwise uniform except as to length, which 
for the table is generally 36 ft. and for the main frame 
75 ft. One feature which may be noticed in the present 
design is that the solid or fixed part of the bearings of 
the cutter spindle is on the top and the loose cap on the 
bottom. his permits the convenient removal of the 
cylinder, and also provides for a greater solidity in its 
bearings, the fixed framing being opposed to the cutting 
strains. 


FRICTION GEAR FOR DRIVING PUMPS. 

We annex illustrations of a friction gear, especially de- 
signed for driving pumps, which have to be stopped and 
started whilst the engine or shafting continues in motion. 
In the drawing A is the driving pinion on the line shaft ; 
B is a large friction wheel on an independent shaft 
carried by i in the suspended brackets. The 
bearings nearest to the friction wheel can be moved hori- 
zontally on two T-headed studs by means of the lever as 
shown, and the adjustable weight on the latter is em- 
ployed to produce the req amount of friction for 
driving the pump, and when this is not required the weight 
is supported by a hook asshown. The driving disc is pro- 
vided with three holes at different distances from the centre, 
so that the length of stroke of the pumps can be varied. 
The advantage of this arrangement over that of driving 
pumps by ord toothed gearing, thrown in and out by 
a clutch, is that all chance of breaking the gearing is re- 
moved, and there is no necessity for reducing the s 
of the engine before setting the pumps to work, This 
arrangement hs been devised and extensively introduced 
by Messrs. H. Hind and Son, Queen’s-road, Nottingham. 








THE SOCIETY OF TELEGRAPH 
ENGINEERS. 
Inaugural Address by Prorgssor AsEt, F.R.S., 
resident 


GENTLEMEN,—The rapidity, almost snempeiontel, with 
rs tained 


which the Society of Telegraph Enginee: at a 
ition of im: among the more prominent associa- 
of wor! in applied science, must be in a great 


measure ascribed to the wisdom hitherto exercised, by its 
members, hn the selection of a oy whom the ? ve 
honoured entrusting them @ management of its 
affairs. Few young institutions have been so fortunate in 
the possession and mem i 


connexion with the awe and the scientific pursuits of 
those who, in ting to honour these eminent men, 
have, at the same time, given lustre to the chair of this 
Society, and taken the wisest steps towards raising and 
maintaining their association in the proud position which it 
now occupies among its kindred. 

For once, X” i aT, pn open fe hove its 
wisdom or prudence ques ecting to the honour- 
able and im t office of its President an individual who 
can lay no claim whatever to any of the high qualifications 
which have rendered his predecessors in that office especially 

i the honour conferred u whe orig yy 
fitted to the interests of Society. If, to have 
contributed not to the acience of electricity, to 
Sage Some nothing "9 aqvaneemant of pane me ond 

developmen telegrap » are hence- 

forth to be considered no disqualification for the post which 

has been filled oy men as Siemens, Scudamore, Thom- 
yalker, then, indeed what must be 

liberality of your views on this important 

— has been most pily illustrated by my election 


My bumble labours in connexion with applications of 
’ in their nature to those 


FH. importance of 
in its application to , and of the 
benefits which the telegraph engineer has reaped, 





* See ENGINEERING, page 551 of our last volume. 
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and meg still hope to reap, from the labours of the scien- 
tific an ounetiedl chemist. 

So strongis my conviction that to this consideration I 
owe the privilege of addressing you this evening, that 
I feel confident of rightly ae | your wishes if I 
endeavour to illustrate some of the principal directions in 
which chemical science bears importantly upon the work of 
the telegraph engineer. And, to commence with, I can 
se no better illustration of the value of combining 
chemical with electrical research than that furnished by 
the investigations of the late Dr. Matthiessen, relating to 
the causes of the differences in electrical conductivity ex- 
hibited by different kinds of commercial copper, which were 
undertaken at the instance of the joint committee appointed 
by the Lords of the Committee of Privy Council for Trade 
and the Electric ing Company, and were published 


ed valuable Blue kk ,prepared in 1861 by that com- 
mittee. 
The very + variations which were found to exist in 


the copper wire employed in the earlier days of submarine 
telegraphy had already been traced by Sir William Thomson 
and other experimenters to the differences in the quality of 
the copper, but it was evident to the committee that a 
complete a of the subject must furnish results 
not only of scientific interest but of considerable practical 
importance, and they therefore entrusted this work to Dr. 
Matthiessen, who had already published valuable researches 
on the constitution and properties of various alloys. By a 
systematic series of very carefully conducted experiments 
t accomplished chemist examined, in the first instance, the 
ae — —— the pe Le of oe copper 
repared with great care by electrolysis the princi 
metalloids and metals known to be nat ly associated sa 
it, and afterwards determined the conducting powers of 
important varieties of commercial copper, the impurities in 
which were then ascertained by analysis, whereby it became 
possible to assign to the true causes the great differences in 
their value as conductors of the different descriptions of 
copper occurring in commerce. 

n jillustration of the importance of the facts established 
by = experiments of Dr. Matthiessen, I may mention 
that the conducting power of pure copper was found not to 
be tible of increase by alloying or combining the 
metal with any other substance, and that certain non- 
metallic elements, occurring as constant or very frequent 
impurities in copper of commerce (notably oxygen and 
arsenic), ex @ very prejudicial influence upon the con- 
ducting ae the metal. ty ae es mye ey 
pure galvano- copper being a , the ion 

traces of arsenic to the metal reduced its conduc- 
60, while a specimen into which 5 per cent. had 
introduced had a conductivity of only 6.5. The fusion 
of the metal in contact with air for a short time 
reduced its conductivity to 76; the amount of » or 
ide of taken up by <the copper in ex- 

i examined by 


Mn EE ee eee 
so much im; presence quan 
of other metals as by the non-metallic impurities, but it 








was shown to be i iron and tin. 
Thus, the existence of 1.3 per cent. of tin in the pure 
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metal reduced its conductivity to 50.4, and, with only 0.48 
per cent. of iron, its conductivity was as low as 36. 

Some specially interesting experiments of Matthiessen, 
when considered in conjunction with experiments made in a 
similar direction by other chemists, served importantly to 
elucidate the cause of the effects long since observed 
to be produced upon the working qualities of refined copper 
by the addition of small — of lead, and afford an 
excellent illustration of the advantages to be derived from 
the —— of ae to the oe of 

man uring operations which, based originally upon 
eodiental observations, have continued to be practised > a 
precarious rule-of-thumb fashion, with correspondingly un- 
certain results, until they have acquired the precision and 
perfection essential to the uniform and complete success 
which can only be attained by their oo in accord- 
ance —_ principles and facts established by scientific re- 


search. 
The existence of even 0.25 per cent. of lead in copper 
renders it so rotten that it cannot be drawn into wire, and 
oe so —_- Ss as 0.1 per nny — is said a 
copper for wing- Hence the toughening an 
softening effects attained by the addition of a small 
quantity of lead to refined ows must be ascribable to 
some special action of the metal during the melting of the 
copper ; and the fact that only traces of lead are discovered 
by the analysis of copper thus treated indicates that it 
operates in combining with, and removing, some impurity 
which is detrimental to the toughness and ductility of 
copper. That the impurity thus extracted from the metal 
was oxygen ap robable from the comparatively 
great ity of lead for oxygen, and from the circum- 
stance that the existence of oxygen in copper beyond 
some narrow limit was known to affect its quality pre- 
judicially. The view,that the beneficial effect of lead is 
ueto a deoxodising action which it exerts, received fur- 
ther support from the beneficial influence of the metal in 
its employment in casting operations with copper and gun- 
metal, and Dr. Matthiessen’s experiments afforded strong 
confirmation of its correctness. Le 
A sample of pure copper, after fusion in contact with air, 
had a conductivity of only 87.25 ; 0.1 per cent. of lead was 
added to the metal, the two being fused ther in a cur- 
rent of carbonic acid. By this treatment the conductivity 
was raised to 93, and the amount of lead remaining in the 
metal was too minute to be determined. Corresponding 
results were obtained with tin. The alloying of pure 
copper with 1.3 per cent. of tin reduced its conductivity 
to 50.4; but the melting together with 0.1 per cent. of 
tin, of the sample which had been fused in contact with air, 
— its pag ay tp A from 87.25 to 94.55—only traces of 
remaining in the copper. ee 
The addition of inal quantities of the readily oxidisable 
substance phosphorus (which also ‘operates very prejudi- 
i upon the conductivity of copper) has been found to 
orm the same function as these oxidisable metals. _ 
The detrimental pr oe which the eg any Ag urity, 
ore, & per of commerce, exercises upon its electric 
conductivi “et therefore, open to successful attack by the 
judicious ition of certain other impurities to the metal 
po Ne pee they > most — cially ——— as 
chemical agents, might, if remaining with the copper, 
affect its vondactivity as detrimen as the impurity 
whi are the means of abstracting. ; 
The is which!Matthiessen made of a series of com- 
mercial coppers, the conductivity of which ranged from 
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14 to 92, and of six specimens of the core of the Gibraltar 
iven to him by Dr. Siemens in 1860, the conductivity 
of which ranged from 67.4 to 90.7, afforded interesting 
confirmation of the results of his investigations upon the 
conductivity of pure copper, and contributed importantly 
to indicate to the wire manufacturer the sources whence he 
should obtain, or the conditions as regards purity 
fulfilled in preparing, metal of a quality calc 
the conditions, in regard 
diameter of conductor, laid down 
The careful preliminary chemi 
by Matthiessen into the preparation of alloys applicable as 
electrical resistances was also 
the telegraphist, by affording valuable 
aid to the committee which was appointed by the British 
Association in 1861 to report upon the 
resistance, a committee which included many of our most 
eminent members, and whose valuable investigati 
be well known to all whom I have the honour of addressing. 
The considerable advances which have been made of late 
years in the manufacture of iron and steel, consequent upon 
the diligent study of the theory of metallurgic processes and 
the improvement of these in accordance with chemical 
principles, have not been without influence upon telegraphy, 
as is demonstrated by the fact that the Government, not 
since, raised the standard of quality, with respect to 
uctivity, of iron wire required 
and that no difficulty has been e: 
lies up to the new standard. 
the production of these, the manufacturer is no longer 
pon the comparatively ve 
, the desired result bein 
: by mixture and otherwise, of products 
obtained by the Bessemer process and others of importance 


to moisture, particularly if solar light has access, is rapidly 


kept continually 
y 

Sat commercial gu 

uct of oxidation or 


destructive of gutta-percha, while, if 
immersed in water, it remains practicall. 
definite periods. He showed t 


influences) a proportion of the pi 
resinous matter, and he found as much as 15 per cent. of 
this substance in a sample of “ good gu’ 
rcha, taken from a piece of new cable furnished to him 
y Mr. Latimer Clark. There was also a very notable 
amount of water (2.5 per cent.) mechani iffused 
through this sam 


legraph engineer. 
investigation instituted 


of preparation of gutta-percha 
me considerable improvements since 
the date of the Submarine Telegra 
but, judging by the results of some chemical 
which I have recently had made of samples of new 
percha, several of which were received as bei 
commercial quality, it does not appear that these have been 
productive of improvement in regard to the quality of the 
i indicated by its chemical composition. Th 
ty of gutta-percha, in sheet, which I could 
obtain, was found to contain 12.7 per cent. of resinous 
matter and 5 per cent. of water; other 
them new material, and ing together 
which was but little lower than that of the particular 
i of, contained the following propor- 


ph Committee’s re 


‘or telegraph purposes, 
- F obtaini 





imen just spoken 
tons of resinous matter and water : 





costly iron obtained Ratio of in to 


judicious utilisation, 





ile chemical science has un 
to facilitate the selection of suitab! 
ductors of cables, and to raise the quality of the available 
etals in regard to the essentials of efficient conductors for 
, it has also been usefully applied 
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submarine and land cables 
in connexion with the materials available as die 
of telegraph cables. It is, moreover, in 
ly that we should look hopefully for 
be ae 1 the meas foe, — 
of t e e e@ prominent su’ 
dealt with in considerable detail in the report of the Sub- 
I ) » to which I have alread 
referved, is the character of the different insulating materi 
employed in the constenctien of cables ; andthe late Professor 
W. A. Miller instituted, at the desire of the committee, an 
tion into the causes of 








this direction es: Two other somewhat lower-priced samples gave the fol- 
important benefi 
labours of the chemist. 
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A pattern sample of sheet, which was of the same i 
as the above series, but had been at least one year in 
contained 20 cent. of resin and 4 per cent. of water; a 
percha rod supplied several 
ually exposed to air and 


4 cent. of resin and 


communica‘ ted to Pho 4 yy Society, 
his inquiry, or the Director- 
hs in India, into the nature and causes 
ch gutta-percha was well known to 
undergo by exposure to air, and with speci i 
tropical climates ; he established the fact that 
to oxidation of the gam, which 
msidera 


substance. Simi 


General of Tel 
of the changes @ 


em gett 
It appears from these results that although a high: 
sample contained just belo 
tained enclosed 


becomes transformed, to a 
ble extent, into a brittle resinous 


lar results were obtained some years cent. of resin, it con- 


by Mr. Spiller in the examination of films of 
hich had been applied as a wa’ fing 


undergo, and arrived at 
e namely, that 











can be no question that in the application of gutta-percha 
coatings to wire yee pote gene will be taken to consoli- 
date the material, express enclosed water, than in the 
production of the sheet material. But that the amount of 
water enclosed by the coatings of insulated wires is some- 
what considerable even in recently manufactured articles is 
shown by the fact that in two samples of covered wire made 
y the same manufacturers, one in September the other in 

overber last, the former contai 1.86 per cent., the 
latter 3.97 per cent. of water (the sample of newly covered 
wire examined by Miller contained 2.5 per cent). A sample 
of gutta-percha covered wire which has been kept by me in 
a tank of water for at least herd sae having been only 
exposed to air for brief periods at intervals, and having 
been in the water for about eighteen months 
previous to its examination, contained 8.07 per cent. of 
water, or less than one of the samples of new wire which 
had not been kept in water. 

There is little doubt that the mechanical processes of 
mastication, &c., to which gutta-percha is subjected (and 
upon the thorough application of which the separation of a 
particular kind of impurity and the production of a mecha- 
nically homogeneous material ), favour its oxidation, 
so that the proportion of resin in the finished substance, 
and the consequent admixture of bpd vo! with a uct 
detrimental to certain of its most valuable quali as & 
dielectric for ng yp may be to no unimpor- 
tant extent t upon the degree of completeness to 
which the mechanical treatment for the separation of their 
ok of cptaeoens of lb ate 2 pacha 2 of high quality would 

specimens of old gu’ ti) q 
appear to show that, provided rectal nant boae soieed 
to a comparatively compact condition, of which the propor- 
tion of enclosed water may serve as some in he 
ee eee eee air and light proceeds 
wly. * 

The effect of mastication in promoting the c by 
oxidation of india-rubber (doubtless in consequence of a con- 
the distribution of enclosed air throughout the mass) was 
also pointed out Miller, and further experience has 
established the similarity of the gums in this respect. 

(To be continued.) 





Kine’s Cottecs Enoingerine Soctzty.—At the 


m this Society on the 2nd inst., a on *‘ The 
Art of Moulding” was read b ue. 8. W Andon 
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THE MANSFELD COPPER-SLATE 
' *- MINES. ~ ' 

By J. Ciark Jerrerson, A.R.S.M., Wa, Se. 
CoRRESPONDING to the lower portion of the per- 
mian strata, there are in Germany a series of red 
beds which have received the name of “ roth-todte- 
liegende,” or more simply ‘ rothliegende.” ‘These 
form as it were a prolongation of the principal axis 
of the Hartz Mountains in a south-easterly direc- 
tion, Superimposed on and surrounding the roth- 
liegende is the Zechstein formation, which contains 
(especially in the districts of Mansfeld and Tanger- 
hausen) strata impregnated with copper ore. The 
following is a section of the Zechstein formation in 


the district : 
Bunter-schiefer. 
Zechstein. 
Dachflétz. 
Kupfer-schiefer. 
Weissliegende, 
Rothliegende. 

The copper ore is found mostly in the kupfer- 
schiefer (copper slate) and the weissliegende. 
The weissliegende consists of a collection of sand- 
stones, clays, clayey sandstones, and chalky clays, 
which are throughout of a grey or white colour. 





The “ dachflétz” (roof-bed) is a compact marly 
slate varying from 4 ft. to. 6 ft. -im thickness, and. is 
usually not worth winning. It contains as ores, 


ir on pyrites, pyrites, copper glance, purple 
co rah pomeey, pad ore, endl malachite, ese 


three (the weissliegende, the copper slate, and the 
da chflétz) form the ore-bearing portion of the strata. 
The following gives in detail the composition and 
thic kness in the upper and lower reviers : 





Upper REvIEBs. Lowsr REVIERS. 
ft. ft. ft. ft. : 
8 to12 zechstein. 7 to12  zechstein 
30 ,, 50 faule. 40 ,, 50 faule. 
8 ,, 10 dachflétz. 10 ,,12 dachflétz. 
5 ,, 7  schwarzeberg. 6 ,, 9 oberberg. 
23 ,, 4  schiefer-kopf. A am ‘ a 
° ” mm: e 
1 ,, 1} kammschale. } 2” 9% schiefer-kopf. 
If” ty Sawclgy. ” YOg| tor Of Ihechale 
” y 1 ,, 14 lachen. 


The inclination of the beds varies from 5 . to 


10 deg. From a consideration of the nature of the |. 


ores and of the slate, it is evidently the result of a 
mechanical deposition in water, in which the ore 
has been deposited simultaneously with the forma- 
tion of the layers. No completely satisfactory ex- 
planation of the occurrence of the metallic impregna- 
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PLAN OF PART OF UPPER 


The term “ liegende” isa technical one and corre- 
sponds to the Cornish term ‘‘ lying wall” ; the terms 
‘* hangende” (hanging wall), and “ liegende” (lying 
wall) being applied in Germany to all deposits 
whether horizontal or highly inclined. The term 
“* roth-todte-liegende” literally signifies red-dead- 
tying poe been co = which is worked 
in the immediately above dies out on passin 
into these beds, : " 

The uppermost portion of the weissliegende 
sometimes contains the copper ore impregnated in 
it, when it is called sand ore. The chief ores oc- 
curring in it are copper pyrites, purple copper ore, 
copper glance, iron pyrites, galena, zine blende, 
malachite, and azure copper ore. 

‘The kupfer-schiefer (copper slate) is a dark bitu- 
minous marly slate varying from 12 in. to 20 in. in 
thickness. The slate contains an immense number 
of animal and plant fossils, to which doubtless the 
bituminous character of the slate is due, these fossils 
especially contain or rather consist of copper and iron 
ore. The following are the ores occurring in the 
copper slate: copper pyrites, purple copper ore, 
copper glance, fahlore, native copper, red copper ore, 

lena, and iron pyrites. Itis, however, only from 
3 in. to 6 in. or 7 in. of the lower ion of this slate 
bed which is worth smelting. e ore is often so 
finely impregnated to be invisible, though sometimes 
it is found in very thin leaves, and filling small 





REVIERS NEAR EISLEBEN, 


tion has yet been offered. According to Von Cotta 
it is probable that at the time of the formation of the 
slate beds it formed the bottom of a large lake or 
inland sea, and that in the Hartz or the Thiiringer 
Wald volcanic eruptions or fissures occurred, ac- 
companied by metallic exhalations, the presence of 
which in a shallow lake or sea would cause the 
immediate death of fishes, and other sea organisms, 
the decomposition of which at the bottom of the lake 
might react upon the metallic solution, and oc- 
casion a precipitation of the metal in some combina- 
tion or other. There is, however, a complete absence 
of any proof of such mechanical exhalations in the 
district. 

The thickness of the ore-bearing kupfer-schiefer 
at Mansfeld, as we have already mentioned, amounts 
to from 3in, to 5in., seldom reaching 7 in. to 8in. 
Since, however, the. breadth. of thé miner across 
the shoulders is the minimum height for the work- 
ings, it is necessary to work away part of the roof 
or floor as well, so as to obfain a total height of 
22in., which is about the most suitable.» In the 
upper reviers the ‘‘ dachflétz” is worked away, 
which gives a working height varying between 
20 in. and 26in. Of the attle which is'thereby ob- 
tained, about .the half is used at once as attle 


g- - wm £ 

The winning operations consist essentially (1) of 
undercutting, which takes place in the lowest of the 
ore-bearing layers, i.e., in the fine clay or “ loch- 





berg,” seldom in the coarser marl; (2) the pickin 
of the kupfer-schiefer; (3) the Westin of the 
per-lying beds; and (4) the packing of the attle. 
These operations form the  “ stre rbeit.” 
Each’ miner receives about 6 ft. to 10 ft. length of 
‘working face. Considering that the apper-lying 
beds have been blasted down and the attle has 
packed and cleared away from the face he proceeds 
as follows: 1. According to the compactness of the 
bed he undercuts toa depth varying from 6 in. to 
10 in, (see Fig. 1) and then either by the aid of a 
pick or _ wedging, works away the upper slate 
(kupfer-schiefer) to pretty nearly the same depth. 








He then undercuts again to a similar depth (see 
Fig. 2), and afterwards either by the aid of his pick 
or we ging, or by blasting, brings down the schiefer- 
kopf (or lochberg) ; after which he again under- 
cuts to a similar depth (see Fig. shee then either 
blasts or wedges down the dach ; when after 
clearing away the attle he has again a toler- 
ably vertical face, the same operations are again 


ease 

n about a year to a year and a half after com- 
mencing a new panel or wing, the pressure of the 
roof will have attained its maximum useful effect, 
so that the pick and wedge of the miner will more 
readily penetrate, and the maximum depth of under- 
cut, 30in., can be obtained. The width between the 
working face and the packed attle is usually left 
about 4 ft. 

The small effect of the miner before a worki 
face in quite new workings, or in opening out an 
commencing working away in new wings, has led to 
the abandonment of the pick and wedge in such 
cases, the whole being obtained by blasting, This 
method is distinguished as ‘“ strebschiessarbeit.” 
The effective working of a shot depends on the cir- 
cumstance that there exists between the floor and 
the clay, or between the clay and the kammschale, 
or also between the schiefer-kopf and the schwarzen- 
berge, good natural partings. In order that boring 
at a proper inclination may take place, it is n 
that the working faces should be driven higher than is 
the case bystrebhauerarbeit, not less than 3ft.; since, 
however, there exists a a at a height of 
38 in. to 40 in. between the ‘aule and zechstein 
it is usually taken down to this a The usual 
operations included under ‘‘ strebschiessarbeit,” are 
carried out as follows: 1. A bore hole is driven at 
an inclination of from 25 deg. to 30 deg. to a depth 


of 20 in., of which 12 in, are filled wi wder, or 
2 in. with dynamite and 7 in. with powder, which 
e beds above 


on — fired carries away = of 
the kupfer-schiefer (copper slate), see Figs, 3 and 4. 
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fer-schiefer i from the|had to be traversed by the hurrier, one or more | the one 3 in. from the front and the other 3 in. 
mowed, the keplér-schiefer is wedged up fr horizontal roads 2, Fig. 8, at distances of about | from the back edge, into which two tongues 2 in. 


floor (see Fig. 6). 

By the removal of these beds, the faule and 
zechstein are robbed of their natural support, that 
is, they are only supported on the undistur d layers 
in the immediate neighbourhood of the working face. 
The attle packing at the beginning affords no per- 
manent support, indeed not until it is compressed to 
about half its original thickness, which does not occur 
until after a considerable time. With the progress of 
the workings, therefore, the faule (about 3 ft. thick) 





separates ually from the zechstein, and its pres- 
sure alre makes itself evident, and is sometimes 
even considerable. The real effective pressure, how- 
ever, is that due to the zechstein, which first operates 
and makes itself evident when a considerable area 
has already been worked out, The zechstein bed, 
which is from 9 ft. to 12 ft. in thickness, possesses 
great natural elasticity and tenacity. In conse- 
quence of this the beds which are worked away 
by the miner are subjected to a great pressure, 
and become brittle, tender, or even earthy, so that 
the effect is that the pick can penetrate further 
by every stroke, and pieces of rock, and even lagge 
slab-shaped portions break readily off, and the labour 
of undercutting is rendered considerably easier. 
Where the pressure exercises its best effects no real 
undercutting takes place, the whole face coming 
readily down from the blows of the pick, loosening 
itself in a vertical direction, in slabs about 8 in. 
high from } in. to 1} in, thick, and from 10 in. to 
18 in, long. It is advisable to keep the working 
faces straight or, better, with a slight curve, as 


WOON Os, 4 Ae NOO 


. 
. 
7 , Bo. 


shown in the — sketch annexed, and to avoid any 
projections at the boundary between two sets of 
miners such as is shown in the lower sketch. 
According to the oldest method of opening out a 
new mine in the kupfer-schiefer (Fig. 7) a level was 

















driven from the shaft out on both sides ; at distances 
of 100 fathoms parallel levels were driven above and 
below. As the roads were so low the kupfer-schiefer 
was generally carried the whole way to the bottom 
of the shaft in low wagons drawn by boys, who had 
to crawl along the working faces, and through the 
very low (under 26 in.) ‘‘fihrten” to the larger drifts. 
From the levels just mentioned drifts called diagonals 
were carriedinclined at an angle of about 45 deg., and 
at a distance of about 60 yardsfrom each other. A 
horizontal ‘ fihrt” @ is driven to the working face, 
where the next set of miners below the diagonal A 
are employed, and a rise “ fihrt” ¢ is commenced at 
the working face where the next set of miners above 
Bare employed ; similarly 4 and ¢ have been in this 
manner previously commenced, so that the workin 
face between the diagonals A and B is approach 
by two horizontal, and two rise “‘fihrts.” Some- 
times the whole four were driven on the rise, in 
which latter case the maximum length of a fiihrt 
was 52 yards. The average distance, therefore, 
which the wagons had to be dragged along the 
face was 5 yards to 6 and in addition to 
this they had to be the length of the 
* fiihrt” before the hurrier could stand upright. 
Later when the distance between the main levels 
was increased to 300 yards, and in order to shorten 
the extremely long and inconvenient way which 





100 yards, were driven, and from these the diagonals 
were driven as before. The conveyance in wagons 
by boys also remained as before. This method was 
known as the combined system. 











In 1856, in order still further to shorten the con- 
veyance by manual labour, the diagonal drifts were 
entirely dispensed with, and levels were driven in 
greater number and carried up to the working face, 
the “ fahrten” being now driven = Fig. 9) in an 
inclined direction, and not as before on the rise, 
The distance between the levels was about 20 to 
30 fathoms. These levels were driven from 44 ft. 
to 54 ft. high and about 4 ft. wide, being provided 
with a single line of rails. In order still better to 
concentrate the haulage by horse or water power, it 
has been proposed more lately, instead of the hori- 
zontal roads to drive roads on the rise of the bed, 
and fit them up as inclined planes, the “ fihrten” 
being as before inclined, This plan is shown by 
Fig. 10. 











It will be understood that to make the levels and 
diagonals of the proper height, the roof must be 
ey taken down, the stone which is thus won 

eing used for building the sides of the roads and 
diagonals, the space between being filled as usual 
with attle packing. In some parts, instead of the 
jig brows, a horizontal drift is carried below the bed 
and is met by blind vertical shafts. Lately the 
working away of the bed has been in the direction 
downwards, which has the advantage that the work- 
ing away of the beds can proceed at the same time 
or directly follow the opening out, and besides the 
pressure of the roof acts more quickly and favour- 


ably. 

The miners at Mansfeld are all left-handed, and 
as in the diagonal and combined system the miners 
would have to work on one side of a field with the 
head lower than the feet, these methods were also 
on that account unadvisable, since, with an in- 
clination of only 8 deg., the blood is driven to the 
head. The plan on the preceding page shows a part 
of the upper reviers near Eisleben, in which some 
of the systems just described will be ised. 

Most of the shafts which are sunk to the kupfer- 
schiefer, are rectangular in section, though latter] 
the circular form has been more generally ado ted. 
The shafts are mostly timbered, and in some places 
where the shafts pass through water-bearing strata 
they have to be tubbed, the method here adopted 
being somewhat peculiar. The steam engine shaft 
(dampfmaschinenschacht) near Eisleben may be 
cited asanexample. The shaft (see Fig. 11) is 19 ft. 
long and 6 ft. broad in the clear. é principal 
frame aa, or crib, is made of 19-in. square oak 
timber, planed and scarfed together at the corners ; 
the short timbers have also a 2-in. tenon, which fits 
into the ends of the longer ones. The shaft is 
— “ey middle by two cross timbers, 8 in. 

and 12 in, deep. After — g through the 
water-bearing strata a level and smooth ledge is cut 
in the hard rock to receive the main crib. In the 








upper surface of this crib two grooves cc are cut, 


high by 1} in. broad are inserted. Behind the cribs 
3-in. oak planking d is laid, and the space between 
this and the excavated sides of the shaft (about 
12 in. wide) is filled tight with carefully cleaned 





moss, By means of temporary wooden wedges in- 
serted between the cribs and the planking, the latter 
is pressed outwards till the moss is only about 1} in. 
to 2in. in thickness. The temporary wedges are 
now gradually removed, and are replaced by rect- 
angular blocks of wood f(of poplar), that is, only 
sufficient wedges are removed ata time to make room 
for one block. These blocks are then tightly 
wedged by means of two or three rows of wedges 
(at first of pine and afterwards of oak) 8 in. to 10 in. 
long, driven in round the edges. The blocks do not 
fit close against each other. The longer cribs are 
first wedged tight and afterwards the shorter ones. 
Lastly the wedging is completed by driving in iron 
wedges so long as one can be made to enter, and by 
these means the moss is pressed into a space of only 
about 1 in., forming a compact and almost stone-hard 


mass. 

On the wedging cribs the ordinary tubbing cribs 
4 é are now placed ; they are likewise of oak and are 
8 in. broad and 12 in. high, and are made with a 
groove (2in. deep) in the centre into which the 
tongues ¢¢ are driven. On the back edge they have 
a ledge 1} in. deep and ? in, broad cut out in which 
the laths 2 for covering the joints are nailed. 

After the wedging crib has been fixed in its place, 
the * is covered with strips of well tarred linen, 
and the tongues are afterwards driven into the 
grooves cc; these are again covered with tarred 
linen, and the first ordinary crib is driven down and 
the covering lath or tongue cis nailed toit. Ina 
similar manner the other cribs are driven down, the 
joints being made tight with tarred linen, and the 
covering laths nailed to both the upper and lower 
cribs. ‘The vertical joints are made tight by layin 
strips of tarred linen along them and nailing bevell 
laths gg over them. The tubbing cribs are tightened 
against the sides of the shaft by means of short 
stempels 5in. in diameter. The space 12 in, to 
18 in, between the tubbing cribs and the excavated 
sides of the shaft is filled by stamping down well 
tempered clay. 


MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. XIV. 
MACHINEs FOR PLANING BoOARDS—(continued.) 


Macuines having what is called carriage feed, 
arranged with a running platen on which the lumber is 
carried, were but poorly represented in the Exhibi- 
tion ; there were but two in all, but fortunately these 
were good types of American practice, one being 
larger and stronger than is ever seen or required in 
Europe, and the other a marvel of lightness. One 
was made of iron and massive throughout and the 
other mainly of wood. In a collection of Euro- 
pean wood-cutting machines as extensive as the one 
at Philadelphia, planing machines with carriage feed 
would form an important part, and to explain how 
it was that only two machines of the kind were shown 
in the Exhibition we must again refer to the lumber 
system of America. As mentioned before, the 
lumber unit is 1 in. thick by 1 ft. square, Nearly 
everything made from wood, in the way of joinery, 
even some deep mouldi is so arranged as to be 
made from boards 1 in, thick. Three-fourths of the 
lumber which passes through the market consists of 
boards which are flexible enough to be planed on 
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roller-feeding planing machines, This operation 
being several times as rapid as planing with a car- 
riage feed, and the expense less in proportion, it is 
evident that carriage planing is adopted only when 
unavoidable. : 
Another thing to be taken into account is the 
character of the lumber, which for the most part is 
clear of knots, straight-grained, and if properly 
iled and dried, even p are straight enough to 
Ge planed on roller-feeding machines and then be cut 
up into door or sash framing and other pieces of a 
similar kind. For furniture, where greater truth is 
required, carriage planing is practised for one side 
only, the second operation, or “ thicknessing,” as it is 
called, being done on roller-feeding machines, 
When carriage planing is done in America, what is 
called Daniel’s planing machines are employed for 
the most part, but of these there were no examples in 
the Exhibition. They are usually made of wood in 
a stereotyped kind of way, one being just like ano- 
ther except as to size, hence it hasbeen thought, no 
doubt, that there was not enough nov in the 
machines to justify exhibition. One in the dock- 
yard at Portsmouth we believe is in every way as 
complete as those made now, although it must have 
been constructed from fifteen to twenty years ago. 
It may, however, be mentioned that at Altoona, 
in the shops of the Pennsylvania Railway Company, 
as well as in most of the large railway 
shops throughout the country, will be seen sub- 
stantial carriage machines constructed of iron by 
Richards, London, and Kelley, of Philadelphia, 
who alone among the American makers of wood- 
working machines seem to have been bold enough 
to cut loose from various precedents. 


BaAnD-SAWING MACHINES. : 

In respect to band sawing there was an extensive 
display of hand-feeding machines, and six with 
power or continuous feed. Considering the cha- 
racter of the machines and their performance it 
will not be far wrong to assume that the French en- 
gineers stopped, and the Americans began band saw 
improvement some years ago. . : 

Richards, London, and Kelley, of Philadelphia, 
exhibited four machines, two hand-feeding, and two 
with power feed, the largest of the latter having 
wheels 5 ft. in diameter, and for saw blades 30 ft. 
long. This firm, we are informed, have during seven 
years past constructed more than 700 machines, 
some of which are of large size, and it is a matter 
of regret that they did not show one of the largest 
“mills” as they are called. The plans of construc- 
tion adopted by the firm named have been in many 
cases followed as nearly as possible by other makers, 
a matter not to be wondered at when it is con- 
sidered that in most American shops where wood- 
cutting machines are made there is no regular system 
of drawinge, and a want of those elements which 
enable original plans to be made. 

Among the novelties in band-sawing machines 
may be named the guides for resisting the back 
thrust of the blades, A series of novel devices de- 
voted to one object does not always in America 
indicate that there is some difficulty to be over- 
come; evading patents, and a kind of morbid 
scheming after something new, is more often the 
cause of varied construction in machine details, but 
in the case of band saw supports there has undoubt- 
edly been some excuse for trying new expedients. 
The thin tempered blades, moving at a speed of 
from two to three thousand feet a minute, with a 
bearing at the back which is not much different 
from a knife edge, is unquestionably a source of 
trouble in operating band saws, especially when the 
blades are soft, and have a tendency to ** pull the 
surface,” as a machinist would call it. Before de- 
scribing some of the different guides, we will men- 
tion that French band saw blades seem to hold their 
place in America, notwithstanding all attempts to 
make them there. The secret of the matter we sus- 
pect to be as follows: The French firms, M. Perin, 
for example, by employing — and long trained 
labour, can smith or hammer the blades cheaper 
than it can be done in America or in England, and 
the only attempts to compete have been in offering 
soft saws, those which have never been fire tem- 
pered. This opinion was confirmed by examining 
not only some saws made in America, but also some 
from a firm in Paris, and we will s st that in the 
purchase of blades persons should assure them- 
selves that the saws have been tempered and not 
made up soft. The difference in value between a 
saw which has been fire tempered, and one made up 
from the steel as it came from the manufacturer must 
be nearly as two to one, if we take into account the 


hammering or straightening of a long narrow blade, 
and the incentives to furnish soft or untempered 
saws are consequently so great, and the chances of 
detection so difficult, that no small share of those 
now offered are comparatively worthless, 

Referring now to guides for supporting band saw 
blades, Figs. 35 and 36 are top and side views of the 






































yer employed by Messrs. Richards, London, and 
elley for their larger machines: d is a bracket or 
frame of cast iron attached to the guide stems, and 
adjustable both vertically and horizontally ; a is the 
saw, and ¢ a cylindrical pin of hard steel; ¢ are the 
side guides composed of wood or steel as may be de- 
sired. By loosening the set screw at i, Fig. 36, and 
turning the pin ¢ slightly, a new surface is nted 
to the back of the saw. The pin c being 1} in. dia- 
meter and 3 in. long for the smallest saws, has a sur- 
face of nearly 12 square inches, and provides for all 
the wear which can take place for In some cases 
these cylindrical pins are bored out hollow and perfo- 
rated with small holes communicating with annular 
grooves around the pin ; the interior is filled with 
tallow so that if the friction is enough to generate 
heat the tallow melts and flows through the holes 
and grooves to the back of the saws. For the 
largest machines these pins are made Q in, in dia- 
meter and 6 in. long, giving near 40 square inches of 
bearing surface, at least twenty of which can be 
utilised in actual wear. The lateral guides ¢ are 
made of hard wood, the end of the grain bein 
placed against the saw. These guides are compos 
of several pieces or layers, having an end adjust- 
ment so that one or more can be used at a time as 
the width of the saw blades may render necessary. 
Fig. 37 is a side view of another form of guide 

used by the same firm: a is the saw, ¢ a cylindrical 
= of hardened steel, and ¢e a movable collar also of 

ardened steel, d is a section of the guide stem. 
The pin ¢ has one or more grooves across the 
front end where the saw is inserted, as shown. The 
saws do not bear upon the bottom of the grooves 
but against the collar e, which can be moved for- 
ward or back to suit, thus regulating the depth of 
the groove as the width of the saws demand. 
The position of the guide is changed by sliding 
the pin c forward or back through the eye on the 
stem d. The guide last described is employed for 
small saws only; as it does not obstruct the view 
and leaves the point of cutting in sight, it is very 
suitable for ornamental sawing. 
































Figs. 38 aad 39 are side and top views showing a 
method of constructing roller guides such as were ex- 
hibited by one firm at Philadelphia, differing some- 
what, but not much, from those invented and 
patented many years agoin England. ‘The roller 
a, instead of being grooved so as to answer for a 
lateral as well as back guide, is made flat on the peri- 
phery, as shown in Fig. 39. ‘These rollers are made 
of hardened iron or steel, and it is somewhat oe 
to hear it explained how the roller being hard an 
adjustable sidewise, will not wear; of the effecton the 
saw blades, which would seem to suffer most, no ex- 
planation is made. These roller guides, when first 
applied, seem to produce a 7 result by avoiding the 
rubbing friction neaweah the saws, but they soon in- 
dent and upset the back of the blades, a result which 
must always follow with a roller working on a plane 
unless there is a large surface in proportion to the 

ressure applied. ‘Theoretically, amount of sur- 
ace in such cases would be constant, as there is 
only a line of contact, but from elasticity or other 


know that rolling contact is not only admissible but 
uite what is wanted in various cases to overcome 
riction. Band saw guides we do not however con- 
sider as included among such cases, and the use of 
rollers, which has been at various times attempted 
during twenty years past, will no doubt in time be 
abandoned. 
While speaking of rollers we may be pardoned for 
a on in remarking that some proved data as 
to where rolling contact under pressure should begin 
and end is very desirable. Such data, for reasons 
before hinted at, would have to depend almost wholly 
on experiments. The conditions of use are not con- 
stant enough it is true to admit of any general rule, 
but something can no:doubt be added to existing 
knowledge. From the wheels of a street truck, to 
the accurately fitted rollers of hard steel on which 
steam engine valves have been mounted, there are 
hundreds of cases in the constructive arts where this 


<e penele emplo Common use has de- 
in the most familiar cases how far rollers can 
be depended upon, but notwithstanding this there are 
continual transgressions on the impracticable side. 
dame of plosen engine valves, Eas the running 
0 in way may, we 
iitiche Wusclasel itis 
Another form of rolling guide, or more properly 
a moving guide for band saw blades, is illustrated in 
Figs. 40 and 41; a is the saw and ¢ the back guide, 
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consisting of a dise of hard steel which is mounted 
on a spindle ¢ and given a slow axial rotation by 
suitable gearing. Guides on this plan are employed 
by Mr. B. D. tney, of Winchendon, U.S,, who 
exhibited some very fine band-sawing and other 
wood-working machinery at Philadelphia. These 

ides, in connexion with the other details of one of 
Mr. Whitney’s band- sawing machines, were briefly 
noticed by us during the Vienna Exhibition, but 
some further comments here will not be out of place. 
There must in the case of moving guides of any 
kind be the additional expense of mechanism to 
actuate them, and whether the objections to sta- 
tionary guides, and what is gained by movable 
ones, form a fair offset to the additional expense and 
complication, is a problem which will require much 
experience to answer, It is however thought that 
moving guides form a refinement which it will be diffi- 
cult to render Lan pov unless there is much more 
trouble with fixed ones than we have at presentany 
knowledge of. It is however but fair to n men- 
tion the excellence of the fitting on Mr. Whitney’s 
machines, which was a relief after passing over some 
others in the same division. : 

Figs, 42 and 43 are side and top views of what 
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may be called the common kind of band-saw me 
consisting of two pieces of wood a @ and a plate o. 
hardened steel between, In many cases no steel 
plate is employed, the saw bearing on the wood 
only both at the side and back; ¢ is the saw, d the 
guide stem or rod, and ¢¢ screws for adjusting the 
guide laterally. 

In respect to guides composed of wood only, 
their practicability depends upon how smooth 
well fnish the saws are, especially on the back, 
None at the Exhibition, wre, S those made 
Messrs, Perin and Panhard, of Paris, and exhibi 
by Messrs, Richards, London, and Kelley, of Phi- 
ladelphia, seemed to be rounded and ly 
finished on the back, The firm last named have 
machinery for finishing saws in this manner, but 
whether the exhibits were prepared in Paris or in 








causes, we have a different standard for practice, and 


Philadelphia we cannot say. So much space has 


tet a lt eisiernate eimmien 






































124 





ENGINEERING. 


(Fes. 16,1877. 





BRAYTON’S HYDRO-CARBON 
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been consumed in speaking of guides for band. 
sawing machines that something must be taken from 
what would otherwise be said of other details. 

An excellent improvement in power-feeding 
machines has been made by employing mechanism 
to produce a variable feed motion so that the speed 
at which the lumber moves forward is continually 
under.control, and may be changed to any degree 
without stopping the machine and without shifting 
belts, : This is accomplished by means of friction gear- 
ing, which in one case—that of Richards, London,and 
Kelley's machines—we think worthy of some explana. 











tion. The gearing consists of a friction disc a, Fig. 44, 
f] gas. | 
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and a wheel e, which bears againstits face. At first 
glance this seems to be an old and well-known | 
device, but in the case referred to e is the driven 

wheel and a the driver, which is just the reverse of 
the usual arrangement. If ¢ were the driving wheel | 
and a the driven one the operative conditions would | 
be very different. The tractive power would di- 
minish as‘the speed of a was increased and as the 
wheél ‘¢ was moved to the centre; but with ¢ as the 
driven ‘wheel the reverse is the consequence. As 
the wheel ¢ is moved away from the *entre of a the 
tractive power increases with the speed as it should 
do, Another difference is that the wheel ¢ may be 
brought-to"the? centre’ of a, the still-point, and no 
hurtful wear ‘will occur if the gearing’ remains in 








motion; but if ¢ was the driving whieel it would 
have to be stop or removed from contact with a 
when standing in a central or neutral 

It may also be pointed out that with gearing of 
this kind a reverse movement of the feed motion 
takes place by moving‘the driven wheel ¢ to the 
opposite side of the axis of a, matter of great 


\ | fell on iron connexions. 
sition. | 





Gonvenience in many cases where pieces have to be 
&. @! ° 





(For Description, see Page 127.) 


wine 
AT fh TT 
Ty eT Lit; 
m ‘nil cin 


———— 












TM (nace: 
ti Ih OA 


== y — ail 




















\ 


ENGINE. 






MM 
si 





S' ii. 








C oil 





withdrawn from the machine. We can scarcely 
think that this arrangement of disc friction gearing 
is novel, but cannot at this time recall anything 
similar.”’: - ET's, Fil . 
In ‘what was called the ‘‘ sawmill shed” at the Ex- 
hibition could be seen a band-sawing machine which 
may b2 termed ‘‘ riondes¢ript.”. It was 'swi generis one 
of those things which have their origin in ‘“‘ opinions.” 
It was a scheme of some one in the western 'part of 
the country, and it was difficult to detect’ any par- 
ticular purpose or aim in what the Americans call 
its “departures” from customary practice. The 
saw was 9} in. wide, of black soft steel plate, 
stretched upon two wheels placed very near toge- 
ther, and supported on a frame mainly of wood, that 
is, what may called the strut portion to receive 
direct strains was of wood, while the diagonal strains 
Why the iron and wood 
were combined it is not easy to see ; it was perhaps a 
niatter‘of opinion. A rough carriage of the port- 
ablé sawmill: type, hauled by a rope, was 4 mee 
alongside, and The: whole thing looked formidable. 
A-log lying*near-with a* tortuous kerf in one end, 
four or more feet long; with as many inches of side 





| engineering point of view—of the Prince Torlonia, 


deviation, led to some doubts about the saw being 
strictly under the control of the attendant, but it 
might ‘* go” when all was ready. 
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The Draining of Lake Fucino, accomplished by His 
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[Secon NOoTICE.] 


In our first notice of this book we reviewed 
briefly the history of the partial draining of Lake 
Fucino (see ENGINEERING, vol. xxii., page 517), by 
Roman engineers, and the various attempts to 
restore and maintain these works during more 
recent periods; it will be the object of this article 
to describe the final and successful efforts—from an 
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LIGHT-DRAUGHT FLOATING FIRE ENGINE, 
CONSTRUCTED BY MESSRS. EDWARDS AND SYMES, ENGINEERS, LONDON. 








(For Description, see Page 127.) 
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to effect the object on which so much money has 
been expended during many centuries. 

In 1816, when Ferdinand I. returned from Sicily 
to take possession of the throne of Naples, he found 
Fucino in a worse condition than when he had left 
the country. Occupied by the desire to ameliorate 
the condition of things he sought to undertake 
works with this object, but was pered by op- 
aay aes and party feeling on every side. At last 

e selected a Roman engineer—one Peter Ferrari— 
who passed three days inspecting the lake, but not 
the tunnel works, and afterwards devoted three 
years to preparing a project and report which were 
useless, Afan de Rivera, at that time an officer in 
the Neapolitan Engineers Corps, had bestowed in- 
dependently much attention to the subject, and 
when in 1824 he was raised to the position of 
Director-General of Public Works, he rendered 
valuable service in improving the condition of the 
lake. He proposed to Francis I, who had just 
succeeded his father Ferdinand, to clear out the old 
Roman tunnel, examine its condition, and if 

ssible restore it. The waters of the lake had 

n suey | for some years, so that the tunnel 
was almost drained, and the work greatly facilitated. 
The first attempts encouraged the Government to 
place further sums at Rivera’s disposal, and by 1835 
the tunnel was éleared from end to end. ivera 
then recommended that only half the lake should be 
drained, and that without changing the level of the 
entrance to the tunnel, the latter should be partially 
enlarged, and be regulated in the gradients. This, 
however, was not done, and in 18365 the inhabitants 
around the lake saw with terror the rising of the 
waters, which gradually invaded the tunnel, sweep- 
ing down the temporary timbering, and choking it 
up with débris. Matters gradually became worse, 
and in 1851 a company was formed which undertook 
to carry out the works, on condition of receiving 
the land reclaimed, a condition precisely similar 
to that pro by the Roman capitalists, and 
refused by Claudius. But though this company 
was formed, there was not sufficient confidence in 





foreign countries to raise the necessary capital, and 
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it was inpossible to obtain the funds in Italy. At this 
juncture, Prince Alexander Torlonia became inte- 
rested in the project, and made himself responsible 
for one-half the capital. Some English capitalists were 
then induced to interest themselves in the matter, 
and Mr. Charles Hutton Gregory aud Mr, William 
Parkes were nominated respectively resident en- 
gineer and engineer-in-chief. Many difficulties, 
however, ensued, and the Prince Torlonia foreseeing 
the impossibility of carrying out the works as in- 
tended, purchased the remaining half of the com- 
pany’s stock, and thus became sole owner of and 
solely responsible for the enterprise. The Prince 
thus embarked had no intention of making only at 
best a partial success of the work, by repairing and 
restoring the old Roman tunnel; he had resolved to 
complete a work that should be successful, and 
should be an engineering monument to Italy. He 
decided to entrust the scheme to Frantz Mayor de 
Montricher, the French engineer who con- 
structed the canal from the Durance to Marseilles. 
After prolonged observation and discussion two 
alternatives were proposed by M. de Montricher. 
One of these was to confine the new tunuel to a 
cross section of 130 square feet, in which case ‘the 
works would really be little more than the execu- 
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tion of Rivera’s scheme, the restoration and rectifi- 
cation of the Roman tunnel. Such a work would 
fulfi] the conditions of the concession, and would be 
economical in construction, but could not be re- 
rded as thoroughly efficient in draining the lake. 
The second scheme proposed was on a far larger 
scale. It comprised the destruction of the Roman 
tunnel, and the forming of a second on the 
same line but with a cross section of 217 ft., and 
at such levels to insure the permanent drain 
of the lake, This latter project, although involving 
the Prince Torlonia in an unknown expenditure, waa 
at once accepted, and operations were commenced 
under the direction of M. H. Bermont and M. 
Brisse. The following were the ruling conditions 
for the new tunnel. In cross section it was to be 
egg-shaped, truncated at the base, and resting on an 
invert 9.291 ft. in span, with a versed sine of 9.64 in. 
The greater axis measured 18.917 ft. from the bot- 
tom of the invert to the crown of the arch ; the lesser 
axis 13.123 ft. at a height of 12.434 ft. above the 
bottom of the invert; this cross section has au area of 
211.086 square feet. The gradieut was settled at 
lin 1000, and with a depth of water of 17.25 ft, 
over the invert a discharge of 11.000 gallons per 


second could be obtained, The datum point from 


which the tunnel was laid out, was fixed at a point 
32.809 ft. above the bed of the river, and 8.671 ft. 
below the invert of the Roman tunnel at that place. 
It was decided that the invert of the new tunuel at 
its outfall on the Liris should be 6.030 ft. above 
datum, i.e. 265 ft. lower than that of the Roman 
tunnel, From this point a slope of 1 in 500 was 

iven to the tunnel for the first 393 yards of its 
fngth, the standard e of 1 in 1000 being re- 
tained for the rest of the length. The total fall 
obtained was thus 19.662 ft. on the length of 6170.96 
yards, The new works were begun on the 10th 
July, 1854, with the construction of a cofferdam 
enclosing the old head works in the lake. This dam 
was formed by two parallel arms 240.5 yards apart, 
and connected by a semicircular end. The total 
length was 1640 yards. A second dam inside this 
was also built, and the structure was completed in 
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1861; the tunnel work however was commenced in 
1855. ‘The flooded state of the old work did not 
allow of operations along ita whole length, and a 
commencement was made about 2300 yards from 
the point of outfall. On this section five of the old 
Roman shafts were utilised, the n alterations 
and increase in depth being made without difficulty. 
In clearing out the tunnel, far greater trouble was 
met with than if a new passage was being driven. 
The work of enlargement and rebuilding went on 
simultaneously with that of clearing, and for the 
first few yoke from’ the point of discharge but 
little labour was required for the enlargement, the 
Roman contractors having taken care to finish care- 
fully this portion which was exposed to public 
inspection. On reaching a distance of 1840 yards 
from the entrance great difficulties were encountered, 
A considerable earth slip had taken place when 
Rivera had been occupied in clearing out the tunnel, 
and this he had roughly and temporarily timbered ; 
this timbering however had yielded, and the flow of 
the tunnel for a considerable distance was under 
water, while the level was such that the invert had 
to be lowered about 9.75 ft. In fact it was only by 
means of efficient shields that the work could be 
carried through at all. To add to the difficulties 
of the work it was discovered that the original con- 
tractors had, in gee through dangerous ground, 
greatly reduced the cross sections of the tunnel, y 
to drive through dangerous lengths as quickly as 
possible, and partly to reduce the risk by removing 
a smaller oe of earth. The mode in which 
they actually carried out the work in such ground is 
interesting : 

** The Roman timbering was composed of a large frame, 
formed of a sole upon whieh three posts were sien, which 
with the two uprights forming the sides of the frame 
erapesten its top Ee Within the frame the centerings 
and boarding for the vault were erected. Thus the timber- 
ing, the lateral walls, and the invert of the tunnel came to 
be in the centre of a block of very coarse concrete, in which 


unhewn stones (some of them ver large for this kind of 


work) were mixed. The side were generally faced 
with brick up to the springing of the arch. e four pieces 
of wood which formed the square frame were embedded in 


the thickness of the concrete, as well as the ends of the 
three intermediary posts. When the concrete hardened, the 
centering was removed, and the vertical posts which carried 
the section of the tunnel were sawn off flush with the vault 
and the invert. After a certain time the wood left in the 
concrete rotted, and falling out left so many holes in the 
vault, through which there must have been age, givi 
rise to currents of water in ,the extrados of the tunnel, 
which, washing out the earth, formed hollow spaces 
between the tunnel and the soil about it, and hence followed 
unequal distribution of pressure upon the vault and 
sides. The holes which were left in the invert, were 
gamely soon filled up with earth, but in places the water 
btless opened some channels, and the infiltration in the 
earth, produced effects similar to those that 
took . Considering 
cee coer Peele es are eae 
8 was ff ; % wo eas. 
wae that it was far from offering sufficient pasighnios 
to the enormous pressure it had to bear, and this was also 
so rece Gas neat 
0 wi Ww re mberin, 
of poe thay eect mee and 2 - 
The most interesting portion of the work, in an 
engineering point of view, was undoubtedly that 
through a second slip that had taken place, It was 
out of the question to drive through this slip, and 
meet the volume of water contained in the forward 
of the tunnel, and the alternative of pumping 
oes not appear to have been approved of. M. de 
Montricher decided, therefore, on the construction 
of an syarny! Err ys the invert of which should 
coincide with that of the permanent tunnel, while the 
roof was formed of the underside of the concrete 
blocks forming the bottom of the Roman work. 
This heading was to be driven past the slip, and 
then the old gallery was to be tapped, and drained 
through the heading. M. Montricher unfortunatel 
died before this part of the work was commenced, 
but not before all the details for # had been worked 
out. It will be readily imagined that great diffi- 
culties attended its execution. The dimensions of 
this drift were 8.2 ft, by 3.9 ft, in the clear, and the 
average depth below the surface was 328 ft. The 
means of ventilation were imperfect, and it was 
nD to work almost in the dark, to economise 
the supply of air attainable. Moreover it was 
attended with ing uncertainty, for any defect 
in the old invert, or any rush of water from the 
sides would have flooded the gallery, and drowned 
the workmen ; the | , however, was only 
about 100 yards. When it was ascértained that the 
slip had been , asiphon was laid in the heading, 
A stone was built across the heading about 
11 yards below the point where it was intended to 





tap the old tunnel, thus forming a chamber, as the 
heading had been carried a few feet further on. A 
door was provided in this wall, fitted water-tight, 
and hung so as to close against water pressure from 
the inside, It was decided to tap the Roman invert 
with ten 8-in. holes, and special means were 
adopted of doing this, so as to prevent the flow of 
water until it was desired. Within the limits of a 
review we cannot describe the details by which this 
was accomplished; the operation was, however, 
entirely successful. The Roman tunnel was not 
however drained, about 4 ft. remaining over the 
invert, and after examination it was found that the 
work had been so laid out that the level prevented 
any further natural drainage until the discharge had 
been turned into the new work. 

The state of ruin into which the fore part of 
the Roman tunnel had fallen, and the prospect 
of having to continue the new work much nearer 
the basin than the point at which the emissary of 
Claudius comnimated lad to the decision of partially 
draining the lake, in order to reduce the height of 
the water, and diminish trouble in constructing 
the remaini art of the work. With this view, 
ata height of 4.65 ft. above datum, a small inclined 

allery was excavated with a slope of 10.87, and 
orming an angle of 45 deg. with the main tunnel. 
At the head of this gallery a rectangular basin was 
built of masonry, with a dam opposite the entrance 
to the gallery, which retained the water of the lake 
in the open canal, that gave it a passage to this 
basin, and which was to regulate the overflow. 
This work, and its various adjuncts, were completed 
in 1862, and the standard level of the lake having 
been determined to settle any possible future dispute 
about reclaimed area, the 8th of August, 1862, was 
fixed upon as the day for first admitting the water 
into the tunnel. The description of this event and 
of the subsequent works will have to be deferred for 
a future notice. 


BOOKS RECEIVED. 

The Progress of Civil and Mechanical Engineering and 
Shipbuilding (Illustrated). Edited Bm a SMITH, 
J. i. Nosig, and THomas SmituH. Division I. London: 
Longmans, Green, and Co. 

Notes on the Colony of Victoria: Historical, Geographical, 
Meteorological, and Statistical. | H. HEYLYN 
Hayter. Second Edition. Pablished by Authority. 
Melbourne: M‘Curran, Bird, and Co. London: Triibner 





and Co. 

Metallurgie Prati que, ou Exposition Détaillée des divers 
Procédés employés pour obtenir des Metaux Utiles. 
ParD.L. Paris: Eugene Lacroix. |Price3francs.] 

Gwide Pratique pour l’ Essai des Matiéres Industrielles, 
dun E fot lowrant, dans les Usines, les Chemins de 





Fer, les Batiments, la Marine, fc. Par Jones GauDRY, 
Chef du Laboratoire des Essais aux Chemins de Fer de 
YEst. Paris: Eugene Lacroix. [Price 3 francs. ] 

Tramways et Chemins de Fer sur Routes: Historique— 
Jurisprudence—Réglementation d’aprés les Documents | 
Officiels. Par P. Coauor, Chef de Division au Ministére | 
des Travaux Publics. Paris: J. Rothschild. 

Minutes of Proceedings of the Institution of Civil En- 

ineers; with other Selected and Abstracted Papers. | 
Session 1876-77.—Part I. Edited by Jamzs 


ol. xlvii. 
London : Pub- 


Forrest, Assoc. Inst. C.E., Secretary. 
lished by the Institution. 

The Elements of Machine Design. By W. CAWTHORNE 
Unwin, B. Sc., Ass. Inst. C.E. London: Longmans, 
Green, and Co. [Price 3s. 6d.] 








Sree. Rarts In France.—The Orleans Railway Com- 
pany has let a contract for 5000 tons of steel rails to the Cha- 
illon and Commentry Forges Company. These rails are 
to be paid for at the rate of 239 tons of old iron rails for 
every 100 tons of steel rails. 





Ocean SteamtnG.—The ss. St. Osyth, one of the well- 
known Australian line of steamers belonging to Messrs. Watts, 
Milburn, and Co., has recently been making a run which is 
highly creditable to the progress of marine engineering in 

eneral and to the makers of her engines—Messrs. R. and 

. Hawthorn, of Newcastle, in particular. The last vo 
of the St. Osyth from Plymouth to Melbourne and back 
the Downs occupied four months and five days, the outward 
ran being made in 45 days less some hours of actual time, 
the total sto; in these runs being about three hours, 
caused by some boiler tubes giving way singly at different 
times. These tubes had been scaled when the vessel was in 

rt, and may have been then injured. The homeward run 

rom Melbourne to the Downs was made in 51 days, this 
including the time of ing at Cape Verde, and the actual 
time under steam being under 49 days. From Melbourne 
to Cape Verde a continuous run of over 40 days was made 
without the engines being chapped for any cause whatever, 
and had it not for the necessity of coaling, the run 
might have been made home. On the outward voyage the 
consumption of coal was 33} tons, and on the voyage 
home 34 tons, the latter being A ian Bull-eye coal. 
Al the performance is an admirable one. e St. 
Osyth was built in 1874 by Messrs. C. Mitchell and Co., of 





Low Walker ; she carries 4000 tons dead weight, and her 
engines are 500 horse power nominal. 


COMPOUND SCREW ENGINES AT THE 
PHILADELPHIA EXHIBITION. 
(Coneluded from page 111.) 

THE steam starting and reversing gear is shown in 
Figs. 76 to 81, page 128. It is simple in construction, 
and likely, we should think, to work well. The start- 
ing cylinder is vertical, 12 in. in diameter and 10 in. 
stroke. It has a hollow piston rod, to the upper end 
of which is secured a crosshead for working the gear 
by side rods, as shown in the general views previously 
published. The pistonrod is screwed internally at the 
top, and forms a nutfor a vertical spindle, upon which 
is secured the horizontal starting wheel. By means of 
a three-way cock (shownin Figs. 76 and 77), and sepa- 
rately in Fig. 79) steam can be admitted to either end 
of the cylinder through small ports having an area of 
about three-quarters of a square inch. The steam 
pressure in thus made to balance the weight of the 
gear, so that the whole can be very easily worked 
by hand. The cylinder exhausts into the main ex- 
haust pipe, as shown in Fig.77. 

The screw propeller is shown in Figs. 82 and 83. 
It isa Soun-bletod propeller, 14 ft. in diameter and 
21 in. long, and has a pitch varying from 19 ft. at 
tip of bladesto 17.1 ft. (10 per cent. less) at boss. 
The ratio of mean pitch to diameter is therefore very 
closely 1.3. The projected area of each blade is 
about 13 square feet, and the actual area about 
21 square feet. The ratio of the whole pro- 
jected area of the propeller to the area of a disc of 
the same diameter is almost exactly 1 to 3. 

Figs. 84 to 86, on page 129, show the construction 
of one of the boilers, of which it will be remembered 
there are eightinall. Each boiler is 8 ft. in diameter 
and 8 ft. long, and contains about 600 square feet of 
heating surface. It contains only one furnace, 
which is 4 ft. 6 in. in diameter, and which has a 
grate surface of 24 square feet. The furnace is 
strengthened by two flanged seams. The shell 
joints are all double-rivetted, all except the end 
rings being butt joints with a single cover plate, 
and the longitudinal joints in the furnace are made 
in the same way. In general form and arrangement 
of tubes the boiler very much resembles the 6 ft. 
and 6 ft. 6 in. boilers common in Thames tugs and 
elsewhere, but our own experience of the type has 
not been such that we have been much tempted to 
extend it to larger sizes. The mode adopted for 
fixing the stays differs a good deal from common 

ractice here. Rivetted stays with ferrules are used 
or the flat surfaces at the back of the boiler, and 
the longitudinal stays are made with tapped bosses 
at each end (see Fig. 86), into which bolts are 
screwed from without, The end plates are stiffened 
by cross pieces along each line of stays. Fig. 87 
shows a screw ferrule arrangement used, as indi- 
cated in Fig. 85, for some of the tubes nearest the 
fire, and Figs. 88 and 89 show the form of the fire- 
bars, which are cast in pairs, each bar having a 
groove along its upper surface. Some further 
particulars about the. boiler will be found on 
Page 206 of our last volume. 

e have thought it worth while to illustrate 
these engines—as being important and recent types 
of American official design—in considerable detail, 
but it is not our intention to criticise their details 
further. In reference therefore especially to Figs. 51 
to 61 and others, which show designs differing so very 
widely from what would be accepted in this country, 
we shall only say that while official American marine 
engineering has made much progress within the last 
few years, it has still much further to go, The 
palpable mistakes in proportioning, and the use of 
complex and expensive constructive forms where 
simpler ones would have been as much cheaper as 
they would have been better, may perhaps be attri- 
buted to comparative want of experience of this 
class of work, and it would be unfair to judge them 
as hardly as similar mistakes would be judged here. 
We grumble often enough when foreign engineers 
copy our designs; it must be admitted that the 
United States mre Department has in many ts 
struck out a line for itself, very independently of 
English methods or forms. 


LocomoTtve WiPine.—The general manager of the Phi- 
ladelphia and Railroad advocates an abandonment 
of the practice of wiping locomotives. The manager states 
that he commenced the experiment three months since by 
dis ing with 150 wipers and ceasing to purchase waste ; 
and he finds that after the company’s engines have run an 
aggregate tem se of 2,250,000 miles, his A ponsibiy = 
is “‘ in quite as good working condition as it possibly co 
rubbing and polishing” "Tks to the most — 
ra polishing.” estimates y 
dispensing with willie Ud io septa Gale Genter: 
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BRAYTON’S HYDRO-CARBON ENGINE, 


WE give on page 124 engravings of a moter possess- 
ing much interest, namely, the latest type of hydro- 
carbon engine invented by Mr. George B. Brayton, 
an engineer of considerable reputation on the other 
side of the Atlantic. There has of late years been 
an active demand in the United States for a motor 
that could obviate the use of steam boilers, and capable 
of using a readily obtainable, compact, and cheap 
fuel. There are many cases where an engine is used 
intermittently only, and it then becomes of importance 
that neither continuous consumption of fuel nor con- 
tinuous attendance shall be required at times when the 
engine is not in operation. A steam boiler requires con- 
stant attention, and the consumption of fuel is very large 
in proportion to the duty, if the fire is alternately forced 
and banked. It is unnecessary to enumerate the hot air 
and other numerous engines which have been proposed, 
and (some of them) introduced to supply the demand 
above referred to, more than to say that any invention that 
has shown signs of promise in the way of a reasonably 
cheap motor has received ample encouragement at the 
hands of capitalists. The Brayton engine is, however, 
with the exception of the Otto and Langen gas engine, 
the only one of any standing that has held its own asan 
engine for general use. Hotair engines have been used 
mainly for pumping purposes, and in this line the Rider 
engine appears to be making its mark. The Brayton 
engine used intermittently becomes probably the most 
economical and noiseless engine yet introduced; kept 
steadily at work it is stated to consume about a gallon of 
crude petroleum per horse power per day of twelve hours, 
this consumption being slightly exceeded in engines of 
three horse power and less. 

In view of the importance this engine is assuming, and 
of the necessity of disassociating it from engines de- 
signed by the same inventor, but entirely different, both in 
principle and construction, though bearing the same name, 
it will be as well to give a short review of its history. In 
the first of Mr. Brayton’s engines, which were made 
double-acting, separate charges of hydrocarbon were ex- 
ploded, the force acting on a free piston to compress air 
which in turn was used expansively upon the working 
piston. Subsequently a rack and reversible catch or pall 
held the piston and a vacuum was used in connexion with 
the air pressure. In this engine a difficulty was ex- 
perienced in producing an explosive compound of a uni- 
form power, and for insuring a safe and reliable mechanical 
means of igniting the mixture. Some of the designs experi- 
mented upon for this purpose exhibit unusual originality 
and ingenuity, but in the end the inventor became con- 
vinced that this form of engine could never be made 
satisfactory, and he turned his attention to the design of 
an engine in which an explosive mixture could be 
gradually consumed without the ordinarily explosive 
action, and he proceeded to construct experimental en- 
gines designed with this end in view. During the trial 
of these experimental engines a new difficulty was ex- 
perienced in the production of the vapour compound, owing 
to its tendency to condensation under high pressure, and 
the effect of every varying temperature upon the evapo- 
ration which seemed for a while to baffle all the inventor’s 
ingenuity, and which finally induced a new course of ex- 
periment substituting coal gas for liquids. Several 
engines of the latter kind were constructed, Mr. Brayton 
obtaining his first patent in 1872, or nineteen years after 
he first devoted himself to the subject, and one of these 
engines is now in operation in New York. One of them 
was exhibited before the Massachusetts Institute of Tech- 
nology in 1870. It was subsequently exhibited at the 
American Institute Fair, and was tested by Professor R. H. 
Thurston and several other engineers, who gave very 
promising reports of its performance. The inventor, how- 
ever, on account of the abundance and cheapness of 
petroleum, again turned his attention to the production 
of a vapour engine with petroleum as a fuel base, and the 
results of his experiments were evidenced in a ten horse 
double-acting vertical engine that was exhibited in the Ma- 
chinery Hall at the late Centennial Exhibition, and which 
gave upon trial 124 horse power. Previous to its construc- 
tion, however, several small horizontal engines varying from 
one to five horse power were constructed, some of- which 
have been running for the past year or two in New York. 
Their performances have been at all times well reported 
upon, and some of them have been in continuous operation 
without any intermission for repairs; in others, however, 
faultiness in construction, added to the fact that they 
were run by those having no knowledge of engines or ma- 
chinery instead of having the ordinary engineer, led to 
their giving frequent trouble in getting out of adjustment. 
In consequence of this Mr. Brayton took into his own 
hands the supervision of the manufacture, and from that 
day the engine has rapidly developed. Of the single- 
acting engines made under his supervision two were used 
day and night, Sundays included, for six months in the 
Agricultural Hall at the Centennial Exhibition pumping 
water for the aquarium. The indicatorcard annexed was 
taken from the 10 horse power vertical exhibited at 
Philadelphia, and disposes at once of any supposition that 
the action of the combustion isexplosive. The principles 
upon which the engine is constructed may be thus briefly. 

described. 


In Fig. 1, on page 124, A is the working cylinder and B 








the air pump. Instead, however, of having a crosshead 
and slides, a el motion for the piston is provided as 
follows: In Fig. 1, © is a lever, the lower end of which is 
a radial foot, the circle being struck off the centre of the 
crosshead to which the arm or lever cis pivoted by a 
journal. The radial foot of O rests upon a pathway 
parallel with the bore of the cylinder, hence as the piston 
crosshead moves along the radial foot rolls along the 
pathway. This motion, it will be observed, is practically 











frictionless; it is imperative, however, that the engine 
runs with the flywheel revolving in a direction away from 
the cylinder so that the angular pressure of the connect- 
ing rod shall always keep the radial foot down upon the 
pathway. The method of forming the combustible com- 
pound is shown in Fig. 2, in which it is shown in the 
sectional view that the cylinder cover is provided with 
a chamber which performs three functions, the first to 
vaporise the petroleum, the second to insure safety, and 
the third to maintain continuous combustion, and thus 
avoid having to light the vapour at each stroke. 

In Fig. 2, A represents the combustion chamber in 
which the vapour burns continuously, and B the safety 
device which is composed of perforated plates with dia- 
phragms of wire gauze between them, which, on the 
principle of the Davy lamp, renders it impossible for the 
flame in the chamber to pass through. At CO is shown 
an annular'groove packed with felt or sponge, into which 
the petroleum is fed by a small pump. A small jet of 
air is also introduced into the fibrous material while it is 
moistened with the petroleum. As the supply of this 
jet is constant and under considerable pressure, the 
result is that the petroleum is forced out in the form of 
spray, which is spread over and absorbed by the meshes 
of wire gauze. The air under pressure delivered by the 
air pump passes in volume from the air chest D 
through the valve E, to fill the cylinder. This 
volume of air (which is under a pressure varying from 
30 lb. to 75 Ib. according as regulated to suit the duty) 
in passing through the gauze takes up the spray, me- 
chanically evaporating it as it enters the combustion 
chamber. The small air jet is carbonised to a degree 
rendering its combustion continuous, as previously in- 
dicated. . 

To start the engine the two plugs EE, in Fig. 1, are 
taken out of the cylinder, and the small pump is worked 
by hand through the means of the small hand wheel, shown 
on the top of the governor, the small air jet is then let on, 
and a match is applied to the hole from which the plugs 
were removed ; so soon as the combustion takes place, the 
plugs are reinserted and the supply of air from the 
reservoir is turned on, whereupon the engine starts in- 
stantly. 

Were the combustion carried to its utmost practical 
limit there would be left a mineral residue liable to prove 
destructive to the piston, hence the combustion is not 
carried to this limit, and the result is the formation in the 
cylinder of a comparatively heavy oil, which serves as a 
lubricant to the piston. The piston of the 10 horse power 
engine at the Centennial was found in a recent examina- 
tion to be bright and smooth, with the turning marks 
plainly visible, evidencing favourable conditions for 
wear. In Fig. 2 (on page 124) the dotted lines indicate 
the water passages by which the cylinders and the work- 
ing piston are kept as cool as may be desired. 

The motive power then is produced by the whole 
products of combustion acting upon the piston. The 
point of cut off is regulated by the point at which the 
valve E closes. The exhaust takes place through the valve 
F, which is operated by a positive motion, all the valves 
being worked from one shaft, and the valve E being 
attached to the governor. 

The inlet valves to the air pump are shown at GG, they 
are connected together by a rod and work automatically, 
The air pump discharge valves are shown at H H, the 
hole I being for the purpose of attaching a pipe to an 
independent air reservoir, which is required in some cases, 
Suppose, for example, an engine is required to sometimes 
perform for a short period a duty much above its average 
allotted duty, then when running under the lesser load 
air may-be compressed and stored in a suitable receptacle, 
and when the load is excessive the air pump may be 
relieved or partially relieved of duty and the air stored 
may be used. To provide sufficient air pressure to start 
the engine in the morning the frame of the engine con- 
tains an air reservoir, the hole I being plugged up unless 
the extra air reservoir above referred to is employed. 

It will be observed that the lift of the valve H is made 
a definite amount by means of a set screw near the end of 
the spindle, and its quantity proportioned according to the 
size of theengine. In defining by actual experiment the 
exact proportions of the various movements and parts, 
Mr. Brayton has found but little difficulty, the great 
problem to solyehas been how togeneratea continuous com- 





bustible compound of air and the hydrocarbons, and apply 
it under high pressure to a working and he has from 
his experiments so mastered his subject that engines are 
now made from the dra’ with unusual certainty as to 
the results to be obtained, whether the engine be of the 
smallest size (4 horse power) or of 10 horse power, and 
in this connexion it may be observed that the inventor 
rates his engines at what he estimates their actual power 
will be, allowing a margin. It has been said that his 10 
horse power at the Centennial gave upon a brake test 
12} horse‘power. And it may be added that the first 
enginemade upon the design here illustrated as a 4 horse 
power, gave upon a similar trial over 5 horse power, the 
revolutions in both the calculations and during the tests 
being 180 per minute, a speed which can be exceeded, 
but which repeated experiment under various conditions 
has demonstrated to be the most desirable. 

The small pump which supplies the petroleum deserves 
notice from its perfection of action. The plunger is but 
about vs in. in diameter, its stroke being adjustable from 
vs in. tof in., by which means the supply of oil to suitany 
desired speed and power of engine is regulated, and with 
a given length of stroke the same number of drops of oil 
will be pumped, whether the engine is running at its 
slowest, that is 80 revolutions per minute, or its caleu- 
lated 180 revolutions per minute, and in all the engines 
‘builtin no case has the pump varied from its refinement 
of action. Theexperiments made by Mr. Brayton during 
the twenty-five years he has devoted to the development 
of the engine are too numerous to recapitulate, but there 
is no doubt but that he has produced an engine 
destined to supply a long-felt want and to fill an exten- 
sive field of usefulness. Up to what sizes it can be 
economically or successfully built is at present an un- 
solved problem. A 15 horse power ine is being built 
at the Exeter Machine Works in New pshire, and it 
is tobe followed by a 80 horse power. Meantime a 
number of 5 and 10 horse power engines of the class 
shown in the illustration are in operation and in course of 
construction. 


FLOATING FIRE ENGINE. 

Tue illustrations on e 125 show a light-draught, 
stern paddle-wheel, fire float, recently designed and con- 
structed by Messrs. Edwards and Symes, engineers, of 
Cubitt Town, for service on canals and shallow “waters 
in the East Indies. 

Fig. 1 is a longitudinal section, Fig. 2 a plan, and 
Fig. 3 a cross section; the drawings show so clearly the 
whole construction and arrangement that a brief de- 
scription will be sufficient to make the whole clear to 
our readers, 

The hull, which is constructed of iron, is 38 ft. long, 
8 ft. beam, and 3 ft. deep, divided into three sections for 
convenience of shipment and transit over land to its 
destination, and all the wood fittings are of well-seasoned 
mahogany. The boat is = by means of a single 
high-pressure engine and paddle wheel 4 ft. 8in. in dia- 
meter and 8 ft. 3in. wide over the floats. The boat is 
not built for speed, as five miles per hour is all. that is 
required, and this is attained with about sixty revolutions 
per minute. It will be seen that the machinery is so 
arranged in each section that it is only necessary to dis- 
connect the pipes for shipment, both the paddle engine 
and fire engine remaining intact. The vessel is steered 
by means of two rudders connected by a bar over the 
paddle box and worked by a lever from the steering 
platform. 

The most important features of this float are the very 
shallow draught of water, which is under 12in., the 
great distance to which the water can he p and 
the total weight of the whole construction, which is less 
than 5} tons. To balance the weights of the different 
pieces of machinery so as to keep the boat in proper trim 
in so light a draught of water with so short py cal re- 
quired considerable care, and was specially commented 
upon by Captain Shaw, of the Metropolitan Fire Brigade, 
when it was inspected by him. The boiler is of the vertical 
type and the fire engine is horizontal, bolted on an iron 
bed, securely rivetted to the floors of the boat, with a 
4in. suction and 20ft. of suction hose in two lengths; 
in ordinary work one 10 ft. length is sufficient. There are 
two deliveries, so that two lines of hose may be used if 
required, with copper branches to swivel in any directién 
with stop valve to shut off either at will. In the bows.of 
the boatare two hose reels, each capable of carrying 300 
yards of hose, and the lockers on each side the engine 
are for hose wrenches, staves, branch pipes, and other 
tools, 

The fire engine was tried for several hours in the West 
India Docks and gave good results, delivering upwards 
of 200 gallons per minute and reaching a height of 120 ft.; 
it is capable of pumping through a single line of hose 
600 yards in length, or nearly one-third of a milo, and 
throw a jet adistance of 90ft. The pressure required in 
the boiler to work the pump to its full power is about 
701b. per square inch, but it is capable of being worked 
up to 1001b. per square inch, and was tested with water 
to 200 1b. per square inch, 

We believe this to be the most powerful fire float yet 
constructed on so shallow adraught. As will be seen 
from the illustrations it is fitted with —* stanchions, 
awni Mpeg ng acter Ben ag ig ms tion 
from the sun in-the hot climate for which it is ed. 
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DETAILS OF COMPOUND SCREW ENGINES AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY THE BUREAU OF STEAM ENGINEERING, UNITED STATES NAVY DEPARTMENT. 
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SECTION THROUGH A.B. 


“THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.” 
To THE Eprtrok or ENGINEERING. 

S1r,—With reference to the recent discussion in your 
columns on the above subject, I beg to say that Messrs. 
Hunter and — h (who are making my for marine 
purposes) are about to make some ca: brake ae 
—_ he it, both to determine the a gy which the 

ca power bears to the actual, 
the weight of steam used. fa Silembeent —— 


shall be delighted to make an to compete either with 
other si engines or with double-acting ones. 
Yours truly, 


Bow, E. February 13, 1877. P. Wx. WILLANs. 


To THz Eprror or ENGINEERING. 
Str,—My letter which you were enough to publish 
n your impression of the 2nd inst., is, I observe, answered 
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by two enine in your last issue 


and in fair argument as 
I admit my 
reference to the steam ports 


ht to have excepted the C! 
ry If, however, Mr. Walker 





. If I am not encroach- 


ing too much on your valuable space, I should like to say 
ew words in self-d defence as —— Mr. Walker’s letter, 


West's. 


mistake when I wrote the word all with | v 


unreasonably long, I 
motor in this one re- 
read my letter more 


carefully he ought = have hare compreneniet Orhie that my remarks 


were intended to 

ated at the and of i ant in the ar ae 
the ports are short, as I r. Head’s the expan- 
sion is effected by a loose plate on the of the main 
slide valve inner sides of the piston. It 








says this is of trivial importance, as the connecting 


can be made almost length. I nage always understood 
that one of the principal advan‘ of this class of engines 
we ene compactness ; a long co rod will put an end to 

With regard to remarks about the revolving valves 


of Mr. Brotherhood and Mr, Head, I can only repeat 
them, ask for information, and retort on Mr. Walker the 
charge of a omy examination of Mr. Head’s valuable 
I read that paper carefully, and yet I fail to see 
ow the revolving valve in its action can compare with the 
slide apne. apes Ny he ak, mealies. De 
various grades of geome: in fact the dra’ of Mr. 
Head’s engine distinctl y leads me to ress this 
in the view, a. 23, the reversing is shown working 
on a sweep having Tiven,paboban, high l cenetele aoiitae 
mg 3 for tall done Serva, backward, and out of Fg 
Fig. eacipna Head says, shows a governor a 
mney f would sot ws variable rs 
I understand t! ule Rosworeas 
by tho ‘liding quick. 
means q 
threaded screw, therefore if it is caused to assume a posi- 
tion in which it would cut off the steam earlier in doing this, 
it must admit it earlier, and consequently have an excessive 
i Seah cheumn anal 





Of cgemne this po ay ROPE F reversing gear, 

and if I recollect rightly I read in your contemporary, The 

nigpomenyse tape Dp rams pees 
Brtherkoote ec ine, when it was first introduced ; 

editor said of it ‘simplicity can go no further.” As re- 

cutting off steam quickly the valve must 

, for in one povelation Sane 


Seren ta hos 2 mall ocllabie dds waive ceeded te 


iE 
i 
1 


‘ 
SE TS ST ETS Ae LTR SS 





SE EEE Le EE aE 


a ______ 












y 
! 
f 
i 
| 























































130 ENGINEERING. [Fus. 16, 1877, 
the same time in these engines? ‘The Willans engine I can | 1860 up to the present time. Mr. Patterson as one of the wire and hemp forming their sheathing, and the data 
’ i i i , | afforded by them must be ed as definitive. 
understand cuts off the steam more quickly still, and if Mr. | referees changed the old standard burner for a new one _ ne L. . a mei Kd cag pp ay : 


Walker considers this one point constitutes a good valve 
gear I may retaliate the charge of speaking somewhat 
vi ly on this subject. } 
think I have now said enough in self-defence with re- 
gard to Mr. Walker, and may remark that I look upon your 
columns as open to fair criticism and to give information, 
and if I have offended this gentleman it was unintentional. 
Can it be what I said about the impunity with which leaky 
pistons may go unnoticed in this class of engines ? ; 

Mr. West ot taken my letter more in the spirit in which 
I wrote it, and has given us some very valuable information 
about his i ious six-cylinder engine. I remember seeing 
old dise engine, and Mr. West seems to have 
P cally overcome the difficulties which defeated the in- 
ventor of | that engine, the same principle being involved in 
both ; he has, however, also taken me to book. He says he 
differs from me as to the perfect efficiency of the link motion 
—the word perfect he has added to my remarks. I think I 
was quite justified in what I did say, viz., ‘ efficient,”’ this 
motion being used for almost all kinds of engines. I am 
aware of its defects ; but in reference to the engines men- 
tioned in Mr. Head’s paper, my meaning was, can the 
valve es any of them compare with, say, the link 

ti e | tive P 

Mr. West has mistaken my letter. I did not mean to 
challe him, but to elicit more information on this sub- 
ject, and then, as he says, every one concerned will benefit. 
Perhaps Mr. Walker will throw down the gauntlet in order 
to oblige Mr. West, with one of the Willans engines, and 
by suddenly changing it from simple to compound when 
running, make that gentleman repent his rashness. 

When I spoke of a competitive trial I meant to agree 
with Mr. Crompton’s suggestion, viz., the possibility of the 
Ro Agricultural Society taking it up in this manner, 
if they could be persuaded that the subject was of sufficient 
importance. Their trial would be sure to be conducted so 
as to satisfy every one concerned. 

Iam, Sir, your obedient servant, 
THomAs MEssENGER. 
Dour House, River, near Dover, February 12, 1877. 











CONTINUOUS RAILWAY BRAKES. 
To THE EpiTorR or ENGINEERING. 

S1r,—Referring to the letter of Mr. D. M. Yeomans, 
which appeared in your issue of the 2nd inst., I desire it to 
be known that I have yay ! and through my solicitor 
applied to Mr. Yeomans for the authority upon which he 
made the depreciatory statements as to the working of my 
brake upon the Midland Railway, and that as he declines 
to give up his authority I have commenced an action with 
the view of affording him an opportunity of proving if he can 
those statements. I may add upon the best ible 
authority (that of the drivers of the trains fitted with my 
brake) that so far from its being regarded as in any un- 
fortunate sense a “‘ train stopper,” they would be unable to 
keep the proper times in run: but for the t facilities 
the brakes give them in controlling the powed + 7 the trains. 
Yours truly, 
GrorGe WESTINGHOUSE, Jun. 








GAS MAKING. 
To THE Epiror or ENGINEERING. 

Srm,—I am disappointed with the articles of your 
correspondent on gas making, the writer having based 
his arguments on gas as made in London, and also 
upon questionable statements by London engineers at 


managers’ meeti The truth connected with the 
roduction of and cheap gas is not limited to 
Teoden, for, acco ing to the writer’s own statements, 


is not , and any claim the writer may have 
for clean gas must be derived from the ment 
of the purifying boxesonly; but that is not gas making in 
the highest sense of the term. 
The quality of panes ps by Dr. Letheby’s standard is 
12.00 candles, price 3s. 9d. per 1000. There are companies 
which supply 16.00 candle gas by the same standard for 
Ss. 4d. 1000; but the grand secret ten the 
na) hithallne deposit and fixed sulphur compounds are liqui- 
da by the supply of 4 candles richer gas to supply 
quality. This dem the intelli of producers, who 
know when to charge and when to discharge the retorts, so 
that all the hydrocarbons shall be satisfied and converted 
into vapour to yield the quality which the old standard 
requires to give, namely, 16.00 candle gas. Where pro- 
ducers can afford to meet this requir t, they t be 
subjected to any penalty for impure gas so long as they 
carry out Dr. Lethe! y mode of purification. The cause of 
p it, I admit, is not clear, but it is a fact 
that of two engineers with the same quantity and quality 
of coal, the one carbonises it so that consumers shall have 
all the naphthaline in light, while the other carbonises it at a 
qekreny and causes itto deposit naphthaline, &c., thereby 
epriving the consumer of the light, and causing a wasting 
of coal so far as illuminating gas is concerned. structive 
distillation of coal is common to both engineers, but the 
results are different. Why are the results different, if the 
heats are equal? The duration must be unequal. There- 
fore I contend that the truth connected with gas making 
and purification is in the carbonising, and it is useless for 
the writer to give instructions how to make gas at the puri- 
fying boxes before he first settled how to make it from the 
retorts. Mr. Patterson must think your readers very dull, 
when he informs them that it is quite a novelty to make 
16.50 candle gas without a le of cannel. I quite 
understand that this statement may be made to prove the 





value of his of purification ; but he ought to tell the | u} 
whole trash cout this matter as I have before noticed. 


The quality of London gas is 12 candles by the old stan- 
dard, and there has been no alteration on AA quality from 





which has the special quality of making 12.00 into 14.00 
candles. This wis the hirst c The second made was 
raising 12.00 into 16.50 eandles ; and I believe asimilar burner 
(not the “‘ standard’’) is manufactured so as to make 12.00 
into 18.50 candles ; so that your readers will observe, the 
novelty is, not in the quantity of cannel used, but in the 
burner which Mr. Patterson introduced as a new standard 
—a most unfortunate change. Certain journalists have 
advocated the highest illuminating value to the lowest 
quality of gas, a very wholesome piece of advice so long as 
the old standard was maintained ; but the advice becomes 
most absurd when carried out in every progressive change 
on the old standard. There are engineers who act on such 
advice and know no better, who take advantage of such 
changes to make more gas per ton of coal, and for a short 
time it indicates temporary gain, but when the cost of the 
ucing plant is taken into account, they are placed at a 
iscount. I have made the following ex ents on ten 
samples of coal, which will illustrate the difference between 
the old and new system of gas making. 
Carbonised during Five Hour Charges, each Charge 100 





























Parts Standard Weight, Heat maintained at 2280 deg. 
Fahr. 
Time to produce the Time to produce the 
Volatile Mluminants. Volatile Diluents. 
ho : ms 
& 3 
2 F : . ‘ | s 
gigi 8| 4 s| Eig 
zie|a|s8 l8lals 
brs. | hours. 
1 |3.40| 57.0 | 43.0 Cannel 1.20 2 42.8 
2 |2.40| 62.4 | 87.6 = 2.20 | 5 | 37.1 
3 |2.30| 47.2 | 52.8 a 2.30} 6 | 52.2 
4 |2.50| 58.3 | 42.7 | 99 2.10 | 14 41.3 
5 |2.30| 44.8 | 55.2 2.30 | 8 | 544 
6 |2.30| 40.6 | 59.4 | Common | 2.30 | 8 | 58.6 
7 (3.00) 36.6 | 63.4 2.00 | 1.1 62.3 
8 (2.50) 36.6 | 63.4 o- 2.10 | 1.4 62.0 
9 |2.50| 84.5 | 65.5 m4 2.10 | 2.1 | 63.4 
10 2 40) 36.9 | 63.1 9 2.20 | 2.8 60.3 








The purification and analysis connected with this Table I 

ill give as occasion may arise. 

In conclusion, the new standard encourages the pro- 
duction by compensating for the diluents ; but it does not 
com te for the wear and tear on retorts in their pro- 
duction. Fixed diluents make illuminating impure ; 
therefore, the City officials are reponsible for the impurities 


complained of, because they allowed the stan to be 
changed. 
I am, Sir, yours truly, 
February 1, 1877. Ww. L. 








THE CONSTRUCTION OF THE HEPTAGON. 
To THE EpIToR oF ENGINEERING. 
Srr,—Enclosed I send you a geometrical construction for 
the regular heptagon to be inscribed in a given circle. 
From any point C with the given radius OC describe arcs 
cutting the circumference in the points E and F ; produce 
CF and take FN=}CF. Join EN, then the part E His 





equal gq p, to the side required. The error is about the 
twenty-one thousandth part of the circumference in excess, 
when stepping round with the compasses ; several of the 
books give E D as the side of the figure, D being the middle 
point of the radius OC. This latter construction is by the 
celebrated Albert Diirer. If any of your readers wish for a 
demonstration you can have it. The construction is by the 
Rev. Mr. Galbraith, F.T.C.D. 
8. D. 








THE LIFE OF SUBMARINE CABLES. 

To THE EpiTor oF. ENGINEERING. 
Str,—The mistrust prevalent among investors as to the 
stability and life of submarine telegraph cables is likely to 
lead to a deadlock in that class of securities, which no- 
thing but a thorough investigation of the subject by a dis- 
interested commission will avert. experience of the 
elder of the existing Atlantic Cable companies leads to the 
inference that the average life of submarine cables is ten 
ears. Two of the cables between Ireland and Newfound- 
nd are now silent ; the cable of 1865 failed nearly three 
years ago, and that laid in 1866 ceased to work on the 13th 


If those cables were electrically perfect when laid, their 
failure was probably caused at some point of 





suspension, owing the oxidation and decay of the iron 


depths of water, such as those in which the Atlantic 
sea cables lie, oxidation is prevented by the great pressure, 
and that if it does occur at all its progress is so slow that 
only after v many ae would a cable of the Atlantic 
deep sea type seriously weakened. 

ime am led to inquire whether the insulation of the 
1865 and 1866 cables was all along perfect, and if not, is it 
possible that at some defectively insulated points the copper 
conductors can have been des’ by electrolytic action, 
and the cables thus rendered useless ? 

It is much to be regretted that the shareholders in cable 
companies are not periodically informed of the exact state 
of their property. The well-worn phrase “‘ in good working 
order’’ is ambiguous and ought to be supplemented by 


detailed information certified by com: ¢ persons. 
I am, Sir, your obedient servant, 
INVESTOR. 


February, 1877. 


NOTES FROM THE SOUTH-WEST. 

Discovery of Coal.—The White Oak Colliery Company 
have succeeded in gaining the valuable seam of coal known as 
‘* White’s Top Seam,’’ in the Nailsea coalfield, at their new 
sinking shaft, near the railway station, at a depth of 165 
yards. The coal is about 3 ft.4in. in thickness, and of 
aaa quality. The sinking was commenced in June, 
1875. 





Coal and Iron Exports for January.—The exports of 
coal and iron from South Wales show a falling off of nearly 
200,000 tons of coal and 6000 tons of railway iron as com- 
pared with January, 1876. 


Bristol Port and Channel Dock.—The directors of the 
Bristol Port and Channel Dock have decided to open the 
undertaking on Saturday, the 24th instant. 


Brynmawr Coal and Iron Company.—This compan 
was on Friday morning ordered by Vice-Chancellor Ha 
to be wound up under supervision. There was no opposi- 
tion to the order. 

The Navigation of the Avon.—We hear that the subject 
of the improvement of the navigation of the Avon witha 
view to further removing curves, so as to make the passage 
of the est steamers feasible and safe, was on Monday 
before the Bristol Docks Committee, and that Mr. Howard, 
their engineer, was reques to report upon the subject. 
It is thought that the expense of this would not exceed 
50,0001., which would be a comparatively small sum if the 
advantages expected would be secured. 

Bristol and South Wales Railway Wagon Company.— 
The thirty-second half-yearly meeting of this company was 
held on we | at Bristol, Mr. J. Perry in thechair. Mr. 
H. Nash asked if the company was the holder of the 
wagons mentioned in the report? He only wanted to know 
what, means were taken to keep them in good repair. The 
chairman said the whole of the wagons, except 29 let 
on hire, were leased, and at the expiration of the lease 
would become the property of those who leased them ; and 
it would be to their interest to keep them in repair. Mr. 
Nash said the accounts were exceedingly satisfactory. 
Nothing could be better than the management of the com- 
pany, since in times when trade was in a depressed state it 
was able to pay 10 per cent. The directors’ report was 

dopted unani ly. The chairman moved that a dividend 
of 10 per cent. and a bonus of 2 per cent. be declared. He 
explained that in addition to the dividend and bonus the 
pos gy AQ increased its contingent fund from 4600/. to 
51001. Mr. Hewett seconded the motion, which was carried 
nem. con. 


Brynmawr.—No change has yet to be recorded in the 
state of affairs at Brynmawr. Trade is still very languid. 
But, although the presént aspect of affairs is cheerless, 
much is anticipated at the hands of private enterprise in 
the future. The Ebbw Vale Steel Works and the Coalbrook 
Vale Collieries are gratifying exceptions to the current 
depression. 


Newport.—An abundance of tonnage has reached the port 
during the past week. For the Ebbw Vale Company about 
15 steamers have arrived with iron ore, and the Alexandra 
Dock has been fully pied ip its of steam coal are 
on the increase, but prices have not improved. Freights 
have slightly advanced. With regard to railway iron, the 
Brazils are the chief customers just now. Facilities have 
been given by the Great Western Railway Company by a 
reduction of rates, for carrying coal from the Aberdare and 
Rhondda valleys to Newport. 


Taff Vale Railway.—The directors recommend a divi- 
dend for the past half-year at the rate of 10) per[cent. per 
annum, with a bonus of 2 per cent. per annum, being at the 
rate of 12 percent. perannum. A balance of about 10,400I. 
is carried forward. 

Neath Floating Harbour—The necessary 
building the Neath Floating Harbour are e 
shortly in hand, some London financiers having accepted 
the terms of the promoters. 


ELECTRICITY AND Ratnway Workine.—An entirely 
new work on ‘‘The Application of Electricity to Railway 
Working’’ will shortly be issued by Messrs. Macmillan and 
Co. Mr. W. Langdon, of the Postal Telegraph Service, and 
formerly of the London and South-Western Railway, is the 
author. Electricity now enters very largely into the ma- 
nagement of all railways, and as the work is to deal fully 
with block signalling, single-line, siding, and station work- 
ing, and the ee protection of junctions, as well as the 
numerous other points in which electricity has become a 
necessity, it will probably prove acceptable alike to the 

reader —e the professional man. No work of the 
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NOTICES OF MEETINGS. 

THE INSTITUTION oF OIVIL ENGINBERS.—Tuesday, February 
20th, at 8p.m. Renewed Discussion on “The Sewage Question.” 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 21st instant, 
at 7 p.m, At the Institution of Civil Engineers, 25, Great 
George-street, Westminster, the following papers will be read: 
‘Opening Address,” by H. S. Eaton, M.A., President. ‘‘ Barome- 
trical and Thermometrical Clocks for registering Mean Atmos- 
pheric Pressure and Temperature,” by William F, Stanley, F.M.S. 
‘Solar Thermo-Radiometer, ” by James J. Hicks, F.M.S. “On an 
Improvement in Minimum Thermometers for Terrestrial Radia- 
tion,” by James J. Hicks, F.M.§, 
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THE NEW PATENT BILL, 

Ir we mistake not, those inventors who may be 
congratulating themselves upon the advantages 
offered by the new Patent Bill, will, should it become 
law, be most grievously disappointed. Although it is 
In some respects an improvement upon last year’s 
Bill, we do not hesitate to assert that unless those 
whose interests are at stake immediately bestir 
themselves it will prove to be a delusion and a 
snare. The real object of its originators may be 
clearly gathered from the Attorney-General’s obser- 
vations when introducing the Bill in the Lower 
House last Monday. As the Times reports it, he said : 
“The examiners would further have power to 
report whether the specification (sic) was or was not 
in their opinion a novelty. That was a provision 
which would, he thought, be productive of great 
benefit, because no one could doubt that above one- 
half these contrivances were not novelties.” Here 
we have the whole thing in a nutshell, The Bill 
has for its distinct and officially avowed object to 
reduce, by more than one-half, the number of 
patents granted. In other words, of every ten 
applications for — more than five are to be 
re . Now what can this mean? Certainly not 
that out of every ten applications five will be for 
things precisely the same as are already known. We 
defy the Attorney-General or any one else to show 
that. What it does mean is, that the authorities will 


select their own standard of “ novelty,” and will 
adjudicate accordingly, This is precisely what is 
done in Prussia, We all know the result. Almost 
every application for a patent there is refused. 
They even refused patents for the Bessemer process 
and the Siemens regenerative furnace. The rejec- 
tions are not because the things specified are iden- 
tical with what have gone before, but because the 
authorities are pleased to consider that the inven- 
tions sought to be patented are not novelties, that 
is, not new. in a sufficiently striking degree. On 
this point it may be well to remember that there is 
nothing new under the sun. Our readers would be 
startled were we to give a list of the many promi- 
inent inyentions of recent times for which, under the 
proposed system of examination, patents would 
undoubtedly have been refused, to the serious loss 
of the community. 

- Should inventors stand by and allow the Bill to 
become law, they will most assuredly rue the day. Itis 
all very well to try and conciliate*them by saying, 
“We are reducing by one-half the Government 
charges on obtaining a patent, and are granting it 
for 21 years, instead of for 14 years,” This looks 
exceedingly nice and kind. But what is the true 
value of it all? 

If we look further, we discover the inevitable 
“but ;” and a terrible one it in fact is, as it now 
stands. It amounts to this, and no less: ‘‘ But we 
are making it a very difficult matter for you to obtain 
a patent; so difficult indeed that the chances will 
be decidedly against your succeeding. You will, to 
say the least, be put to great trouble and much 
‘expense for professional aid, and in all probability, 
unless content with a refusal, you will have to under- 
take a very costly suitin the Lord Chancellor's 
Court, and should you succeed, your patent will be 
accompanied by a host of official reports calculated 
to seriously depreciate its commercial value.” This 
is, in plain English, the programme of the promoters 
of the present Bill. True, its provisions might be 
administered in a more liberal spirit. But such is 
not the present intention, for the Attorney-General’s 
remarks distinctly show as much, Nearly orely 
inventor is in love with his. own invention, and, 
losing sight of the fact that novelty is wholly a 
question of degree, will fail to recognise the applica- 
bility of the Attorney-General’s remarks to his own 
particular case, although, if his invention belonged 
to another, he would (often) be ready at once to 
say there was no novelty init. In other words, 
most inventors flatter themselves by believing that 
their own inventions, at least, would safely pass the 
ordeal of such an examination as is contemplated. 
This is a grave misapprehension which induces in 
many inventors an amount of indifference about 
patent legislation which, to the uninitiated, must 
seem totally unaccountable. This indifference 
resulting in silence on the ac of those who would 
be heart above all others if they truly appreciated 
the momentous character of the proposed changes 
in patent practice, has the effect of leaving members 
of Parliament to suppose that the majority of 
inventors approve of what is being done. ‘Their 
approval, however, if such it can be called, is nothing 
more than silence attributable to ignorance of the 
precise issues actually involved. 

We do not propose now to discuss the Bill in all 
its details—we purpose recurring to the subject in 
future issues. But we may state generally that it 
provides for twelve months’ provisional protection 
to be obtained by filing at the Patent Office an 
application and declaration and a provisional speci- 
fication describing the nature of the invention. 
Each case is to be referred to an examiner, who is to 
report (1) whether the invention is a proper subject 
for a patent within the Statute of Monopolies ; (2) 
whether the title of the invention and the provi- 
sional specification are properly framed and sufficient. 
The report of the examiner is to be open to the 
applicant, but not made public, Not less than three 
months before the end of the provisional protection 
a complete specification is to be filed, or the panties 
tion will be deemed to have been abandoned, On 
the filing of the complete specification the Com- 
missioners are to make public the application, and 
the documents relating thereto, including the pro- 
visional specification, the report of the examiner 
thereon, and the complete specification. This 
wholesale publication is simply monstrous. Why in 
the name of all that is fair and reasonable should an 
inventor have the fruits of his mental labour and ex- 
penditure thus deliberately thrown 


public at the caprice of a set of Government officials? 





Let it not be forgotten that this is what is likely 








to the 


proposed law, in more than 
fifty cases out of a hundred, adopting the Attorney- 
General’s own ratio. And this result is proposed to 
be brought about under a number of specious 
clauses vigomtinr | to which, on the publication of the 


to happen under the 


complete cation, the case is to be again 
referred to the examiner, who is to repert his opinion 
whether the complete specification is in conformity 
with the provisional specification, and is properly 
Barn wh prs rg i If, on the N eacguas con- 
sidering case for the purpose o oe 
thereon, it appears to him Maviiie regard to siaee 
cifications and other documents in the Patent 
ffice, and to publications known to him, that the 
invention is open to objection on the ground of want 
of{ novelty, he shall report to the Commissioners ac- 
cordingly. The Commissioners shall then make 
public the report of the examiner.” That makes 
report number two that isto'be published. But we 
have not yet done, 

After that report of the examiner, the case is to 
be referred to the law officer, who, being incom- 
petent to rightly understand such matters, and far 
too busy to go into them, is to report whether a 
patent may be allowed for the invention or not, 
This report—number three—is also to be made 
public. In the name of common sense we protest 
a. os all these publications of reports. They are 
wholly uncalled for, and can have no other effect than 
to cone the interests of inventors to the utmost, 
So long as a specification contains a clearly defined 
claim, so expressed that it cannot possibly be held 
to claim to cover as new ecg already known, 
every reasonable requirement would be most fully 
satisfied. 

Itis not for the authorities to force upon the out- 
side public their own opinigns about the inven- 
tions patented, Let the inventor have his patent, 
however trivial his invention may seem; let him 
have it at his own risk ; see that he confines his 
claim to the difference between his own production 
and what has gone before, and then leave him to 
his own resources, 

His specification will itself show where his in- 
vention begins and where itends, If it be what Mr. 
Samuelson, a wealthy manufacturer—not astruggling 
inventor—is pl to term “no invention at all,” it 
cannot by any possibility be an obstruction to the 
development of man We say this with all 
due deference to Mr. Samuelson, and may we add 
that his remarks on Monday have created wide- 
spread astonishment, He spoke more as one who 
ale: be nom: Basta ego without 

the royalty. If every.applicant for a patent 
be compelled to tvamme” define: the extent to which 
what he describes is really new, then we say no ob- 
struction can be caused by the patent, for if the 
thing claimed is insignificant, others will certainly 
not require it. Practi , frivolous things would 
be voluntarily ‘abandoned by the inventors either 
at once or in due time. On the other hand, if ex- 
amining authorities are to gb —— even 
on the ee of novelty, it will be practically 
impossible for them to draw a true line as to where 
novelty—worthy of the name—begins. fig must 
inevitably make many mistakes such as cause 
most serious inj to inventors. Whereas the 
granting of a patent for a thing which on the face of 
it is trifling, can injure no one, 

In conclusion, we cannot do better than quote 
from the report of the Select Committee of 1872. 
Referring to the privilege conferred Letters 
Patent, the report says, ‘‘ The same privilege leads 
to the introduction and publication of numerous im- 
provements, each of a minor character, but the sum 
re which contributes greatly to the progress of in- 

ustry.” 


REPORT OF THE ROYAL COMMISSION 
ON RAILWAY ACCIDENTS. 

Ir is a long lane that has no turning, and accord- 
ingly we are at last in possession of the long looked- 
for report of; the Royal Commission appointed ‘* to 
inquire into the causes of accidents on railways and. 
into the possibility of removing any such causes by 
further legislation.” The Commission is dated the 





pL oye day of June, 1874, and the report although 
y 


made public on the day of our last issue, dates 
the 2nd of February, 1877. The labours of the 
Commission have, therefore, extended over a period 
somewhat exceeding two and a half years, a pares 
which, even allowing for the importance of the sub- 
ject and for the voluminous evidenee which would 
naturally attend such an inquiry, the majority of our 





readers will doubtless consider ample for the pur- 
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. The report is, however, issued, and we are 
sec of the recommendations of those whose 
are a ded to it. These signatures in 
number six, viz., the Earl of Aberdeen, the Earl 
of Belmore, Sir W. R. Seymour Fitzgerald, Sir J. 
L. A. Simmonds, Mr. T. E. Harrison, and Mr. 
William Galt. There are thus three names missing 
from those appointed to the Commission, viz., the 
Duke of Bu ham, Mr, Ayrton, and Lord de la 
Warr. ‘The absence of the former is accounted for 
by his having to proceed to India, but no reason is 
ap t for the absence of Mr. Ayrton. Lord de 
la Warr ‘« seeing that there are parts of the report 
to which I am unable to give my assent, and at the 
same time omissions which I cannot but regard as 
essential,” appends a report of his own in which he 
deals with its several points after his own views. 
Messrs. Harrison and Galt also append supple- 
mentary reports, explanatory of certain points in 
which their views are not in accord with the rest of 
the Commissioners. The report is divided into five 
porte, and these again, in some instances, are sub- 
ivided. 

Part I, is devoted to a consideration of the steps 
taken, prior to the appointment of the present Com- 
mission, for what may be termed the regulation of 
railway traffic, consisting of the Committee of 1857-8 
‘* to inquire into the causes of accidents on railways, 
and into the possibility of removing any such causes 
by further legislation”; the Royal Commission of 
1865, the inquiry entrusted to which was of a much 
larger scope; and the Committee of 1870, the 
principal object of which was to inquire into the 
question of compensation for accidents. The re- 
sults obtained from these several inquiries it is 
pointed out produced only two practical pom 
tending immediately to the prevention of railway 
accidents, namely, the requiring a means of com- 
munication between the different of trains and 
the enforcement of the block system. The first of 
these became law by the Regulation of Railways 
Act, 1868, and the second has been postponed in 
compliance with the report of the Committee of 
1878. The other recommendations contained in the 
various reports quoted were but indirectly aimed 
against the dangers of railway travelling, and with 
two exceptions—viz., the proposals respecting the 
punctuality of on, cary heey Ue tion for Pag 
to passengers— ect has been given to them by 
the statutes of 1868, 1871, and 1873. 

Part II. is devoted to the importance of maintain- 
ing the responsibility of the companies. Large as 
are the powers now y the Board of 
Trade and the Railway Commission, in respect of 
railways, they are so adjusted and so limited as to 
leave with the companies the undivided responsi- 
bility of working their lines, And the question 
whether the investigations are such as to advise a 
departure from that policy which has hitherto cha- 
racterised railway legislation, which the Commis- 
sion here sets before itself, may well be termed 
one affecting the entire character of the report. 
It is the most important question with which the 
whole subject is fraught, and as may be supposed, 
the Commission have not thought it desirable to re- 
commend “ any legislation authorising such an inter- 
ference with railways as would impair in any way 
the res ibility of the companies for injury, or 
loss of life caused by accident on their lines. To 
im on any public department the duty, and to 
entrust it with the n wers, to exercise a 
general control over the practical administration of 
railways would not, in our opinion, be either prudent 
or desirable,” consequently the Commission ex- 
presses its concurrence with the judgment formed 
upon the same point by the oye ommiassion of 
1865. Yet the evidence adduced has been such as 
to show that notwithstanding a knowledge of the 
responsibility which rests with each railway com- 
pany, “ exceptional cases have occurred in which 
companies have failed to secure a proper maintenance 
and repair of their lines, the provision cf such accom- 
modation at stations as the traffic requires, and the 
prompt and efficacious adoption of such appliances 
and precautions as are best calculated to secure the 
public safety.” It is observed that this is “not a 
new state of things,” for in November, 1873, it 
formed the subject of a circular addressed, in the 
name of the late Government, to the various railway 
pe pene Admitting that this by no means applies 
to ail railway see opr “some of which have made 
great and successful efforts to meet the vast increase 
of traffic which has arisen in recent years,” it is 
still thought desirable that legislation should en. 
force * the adoption of certain recognised improve- 








ments and the construction of necessary works, 
while leaving to the railway boards themselves the 
settlement of all matters of detail and administra- 
tion.” a thus defined the principle on which 
its recommendation should be based, the Commis- 


sion to consider what additions can be pro- 

to the list of practical suggestions already 
made for the prevention of accidents on railways. 
The smallness of the results attained in this last 
respect by those who have previously investigated 
the subject forbids, however, their taking a very 
sanguine view of the practical effects of their own 
labours, if judged solely by the number of proposals 
they have to offer as the basis of legislation. The 
basis upon which these several suggestions are 
formed is the Board of Trade returns, the contents 
of which have, from time to time, as issued, been 
made known to our readers. 

Part III. of the report deals then with this por- 
tion of the question. The Board of Trade returns 
for the years 1872, 1873, 1874, and 1875 are taken, 
and the accidents set forth are divided into four 
classes, namely : 

1, Casualties of the kind usually intended by the 
term ‘railway accident” in its popular acceptation, 
namely, accidents to trains, causing injury or danger 
to passengers and railway servants in makin 
journeys by railway. The total under this hea 
amounts, for the four years, to 293 killed and 6505 
injured, or an annual average of 73.25 killed and 
1626.25 injured. 

2. Accidents to travellers, or intending travellers, 
from collateral causes, 4s distinguished from train 
accidents, and which are found to amount to 477 
killed and 1448 injured ; being an annual average 
respectively of 119.25 and 362. 

3. Accidents to the public using or being upon 
railway stations or premises otherwise as travellers, 
resulting in 1639 killed and 943 injured. Average 
per annum 409.75 and 235.75. (These figures 
include 131 suicides and 1010 tresspassers. ) 

4. Accidents to railway servants in the discharge 
of duties other than those included under the first 
head, giving 2822 killed and 8048 injured, or an 
average of 705.50 and 2012 respectively per annum. 

These figures give a total of, for the four years, 
killed 523] and injured 16,944, and a yearly average 
of 1307.75 killed and 4236 injured. It is perhaps 
worthy of remark that Class 4 embraces all cases of 
injuries received, whether through falling upon the 

t of a waiting-room, or from the steps of a foot- 
bridge. For this and other reasons therefore 
rded, from a 
é more correct 


the numbers of killed must be re 
statistical point of view, as forming 
basis for consideration. 

Class 1.— Accidents to trains forms the principal 
head under which the deliberations of the Com- 
mission have been exercised. With regard to the 
speed of trains it is not proposed to recommend any 
legislative interference, save in exceptional cases 
where lines are out of repair, It is very peony 
felt that this is a question which must depend for the 
amount of safety upon various circumstances, the 
condition of the permanent way, the amount of 
brake power, &c. The evidence collected before 
the Commission goes to show that “ the time-table 
rate of speed on various lines is compatible with 
safety, provided the road be thoroughly good, and the 
elements of danger which are more accurately de- 
scribed as ‘causes of accident’ sufficiently guarded 
against.” 

In carrying out the examination of accidents under 
this head, three groups are formed ; viz., 1, accidents 
due to defects in the rolling stock or permanent way ; 
2, collisions ; and 3, miscellaneous. The accidents 
due to defects of rolling stock and works number 
143, for the four years, and are chargeable with 
91 deaths. The collisions amount to 504, causing 129 
deaths. Miscellaneous accidents are 178, resulting in 
42 deaths. The investigated accidents of the 
division, though fewest in number, have been rela- 
tively far the most fatal in effects. To these and to 
collisions are jointly attributed 220 deaths out of 
the total number of 262, and under the same head- 
ings are recorded 4800 cases of injuries out of the 
total of 5578. Consequently, these are the classes 
of accident claiming most attention under this head 
of the inquiry. “In considering the causes to which 
they are attributable, the most striking fact which 
— itself is the largeness of the number of col- 
isions ascribed, wholly or in part, to the negligence 
or errors of railway servants. Of the total number 
of 504, as many as 464 are entered in this category. 
The fallibility of those upon whom the safety of 
trains mainly depends, must therefore be considered 





the chief element of danger in railway travelling.” 
Here —_ Peeks ee, aaa this subject 
ee eral 1] 1872 are considered of 
sufficient importance, and to so j apply to 
the subject, that they are quoted in full. It 
is unn we should repeat them here. No 
one will be disposed to doubt the truthfulness of 
the fact that the majority of railway accidents are the 
result of human fallibility. Nor p Ren the Commis. 
sion ignore the difficulty which presents itself in 
dealing with this branch of the subject, and which 
practically means legislating for railway labour. 
“If railway companies were generally guilty of 
carelessness in the selection of men to whom re- 
sponsible duties are entrusted, the public safety 
would imperatively demand some stringest inter- 
ference in this respect. But on the contrary there 
is reason to doubt that remissness in this respect is 
exceptional, and that as a general rule, the men so 
employed are the best available in the existing state 
of the labour market ; and it should be added that, 
as a matter of fact, railway servants as a class are 
distinguished for their intelligence, respectability, 
and attention to duty.” . . . ‘No amount of care 
in the selection of railway servants and the distribu- 
tion of their duties can secure immunity from oc- 
casional acts of negligence or error, and we are of 
opinion that the public safety would not be increased 
by any direct legislative interference in this respect.” 
But, it is added, the question of course remains 
whether it may be possible to strengthen those in- 
fluences by general amendments ofthe law. By such 
means only, the Commission is of opinion, should 
the Legislature meddle with railway labour. 
. With regard to the hours of labour it is also con. 
cluded that although there is abundance of evidence 
to show that on exceptional occasions men are either 
required or permitted to remain on duty for an ex- 
ceasive length of time, that the regulations and the 
—— of railway companies must be appealed to in 
eciding what amount of work is legitimate, and 
what is excessive in any particularinstance, ‘ But 
if in any action, whether civil or criminal, in which 
the proof of negligence on the part of a railway 
company is essential, the mere fact that the servant 
whose act or neglect was in question had been at 
his duty for an excessive period, according to the 
standard just indicated, were itself accepted as primd 
JSacie evidence of such negligence, the general motives 
to regularity in this respect would be sensibly 
strengthened.” So far as human fallibility is con- 
cerned the general conclusion arrived at is : 

First, that those duties of railway servants, upon 
the due discharge of which the safety of trains so 
largely depends, should be simplified as much as 
possible ; and, 

Secondly, that the circumstances in which they 
are performed should be adapted to avoid all unne- 

elements of embarrassment or difficulty. 

The adoption of the block system, and of ap- 
pliances for the interlocking of signals and points, 
are instanced as examples of the first, whilst in 
connexion with the second well-conceived regula- 
tions, properly enforced discipline, regularity in the 
traffic, and sufficiency of the accommodation pro- 
vided for it are specified, Each point is noticed 
separately ; the old argument that the establish- 
ment of the ‘ block” induces less care on the part 
of the engine-driver is adduced, ‘‘ but the force of 
this objection depends upon the assumption that 
drivers working under this system have an increased 
sense of security, and thus it becomes indirectly a 
testimony in its favour. While therefore we recog- 
nise the fact that the absolute block system is not 
a certain safeguard against accidents of the kind it 
is designed to prevent, we are decidedly of opinion 
that the objections urged against it are wholly in- 
sufficient to justify the remissness of those railway 
companies which neglect it in working their -- 
senger traffic. It has already been introduced on 
all lines in places where danger is greatest ; and it 
is being extended by degrees over every railway, 
partly owing to the virtue of the system itself, and 
partly to the force of public opinion in its favour.” 

We scarcely understand the conclusion arrived at 
with re to the object of the block system in the 
expression ‘accidents of the kind it is designed to 
prevent.” From preceding remarks it would appear 
that the Commissioners have somewhat misinterpreted 
or over-estimated the objects of the system, for it 
would appear that the expression has reference to 
the prevention of accidents arising from a train 
leaving its own line of metals and fouling those of 
the parallel line. Now it has never been advanced, 








even by the most ardent supporters of the system, 
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will prevent collisions between trains on the same 
line of metals, It is impossible it should operate to 
prevent collisions from one train invading the run- 
ning metals of another unless but ove train—no 
matter how many lines of metals there may be—be 
allowed within the block section at atime. The 
block affords a means of preventing one train meet- 
ing another, or one train following another ina given 
section, but only on the same line of metals. 

The remarks under this head conclude by an 
expression that the reason why the Regulation of 
Railways Bill of 1873 was at that time abandoned, 
‘* was not that any doubts were entertained as to 
the value of the block and interlocking systems, 
but that time might be given for the extension of 
these improvements by the voluntary action of the 
companies. We find, moreover, that the exertions 
of several of the railway boards, to which the Com- 
mittee of 1873 called attention, have been con- 
tinued during the interval that has since elapsed, 
but in our opinion the time has come when com- 
pulsion ought to be resorted to in exceptional cases 
where remissness is apparent in this matter.” 

Irregularity in the trafic forms the next subject 
considered. It is very justly argued that un- 
punctuality of trains increases the difficulty of a 
signalman’s duties and throws a general strain upon 
that portion of the system over which it exists, 
This none will deny, but although it is easy to foresee 
that such must be the case it is not at all easy to 
prescribe a remedy. The irregularity of traffic 
arises from many causes over which no influence 
whatever can be brought to bear, and with which 
the company suffering the most may absolutely have 
no voice in the matter—or at all events no power to 
avert it. It is conceded that this arises in some 
cases—not very unfrequently we think, especially in 
the mineral districts—by the sudden diversion of 
traffic from one route to another. The block on the 
Manchester, Sheffield, and Yorkshire, due to the 
strike in the Lancashire coal districts in 1874, is an 
instance in point, and one which the Commission 
has admitted, although it has not been classed under 
this head. 

In August, 1874, a week was chosen for checkin 
the punctuality of trains. The returns were rende 
by the companies ‘‘ with great accuracy and com- 
pleteness.” An analysis of it shows that out of 
110,711 passenger trains, 56,316 kept absolute time ; 
26,649 arrived at their destination within 5 mi- 
nutes of their time; 19,532 arrived within 15 mi- 
nutes; and 8,214 exceeded 15 minutes. And that 
of 45,398 goods trains, 18,812 kept the actual time ; 
1653 were within 5 minutes; 4186 were within 15 
minutes; and 20,747 exceeded 15 minutes. It 
should, however, be borne in mind that this return 
includes the delays to trains working in conjunction 
with those of other companies in which the delay 
of one would mean delay at starting to the other. 

A great deal of consideration has been given to 
this part of the question, but the Commission fails 
to see its way out of the wood. It therefore falls 
back upon the suggestion of the, Committee of 1858, 
and recommends that facilities shall be afforded to 
the public to obtain redress hy a cheap and sum- 
mary process when trains are late. The proposals 
of the Royal Commission of 1865 are considered 
and combatted, but the method under which the 
public are to obtain redress by a cheap and sum- 
mary process is not shown, It is apparently left 
to fructify under legislation, but seeing that pas- 
sengers have already the county court at their 
command, we scarcely see in what way this re- 
commendation is to find effect. 

Insufficiency of accommodation Jor the traffic is the 
point which next claims attention. The following 
18 @ summary of the traffic returns made use of : 

















| 
\Numberof Pas-| Number of T f 
| sengerscon- |Holders of Sea- Min s d 
Year. veyed exclusive son and ne nguct 
| o n- | Periodical + ag 
\Ticket Holders.| Tickets. be jnnad 
1861........| 173,721,139 52,079 94,243,327 
1865... 251,862,715 97,147 114,593,424 
a... 375,220,754 #188,392 169,364,698 
1875. 506,975,234 *597,257 200,069,651 





* Including workmen’s weekly tickets. 


Between 1861 and 1875 the working stock of the 
railway companies of the United Kingdom was in- 


creased by 6283 engines, 16,003 carriages, and 168,827 | ¢ 








some idea of the growth of railway traffic may be 
obtained, although it does not by any means give a 
thorough basis upon which to calculate it. It merely 
shows that it has grown to such an extent as, with the 
best manipulation of the stock on hand, to call for 
an addition to this stock, but in doing this it shows 
—what we know to be the case—an advance of a 
very positive character, 

Itispointedout that want of accommodation exists 
very specially in many cases of joint stations and 
lines jointly used in connexion with them, and 
Guidebridge, Huddersfield, and Preston are cited as 
prominent instances. ‘In granting to private 

ersons a concession to make a railway, the Legis- 
ature has intended to impose the obligation to make 
a line adequate to the safe conduct of the traffic. 
But when other companies intrude upon the lines 
thus formed this obligation. is obscured, and the 
enforcement of it becomes difficult. We think that 
ail railway Bills authorising any such intrusion 
ought to be referred to the Board of Trade and a 
report obtained from that department whether the 
accommodation upon the line affected by the intru- 
sion be sufficient for the increased traffic proposed to 
be brought upon it; and if not that the intrusion 
ought only to be permitted subject to a due exten- 
sion of the works and premises.” It is suggested 
that effect be given to this by a Parliamentary 
standing order, ‘‘ similar to that which exists in 
the case of Bills which authorise level crossings upon 
railways.” In every case, moreover, where Parlia- 
ment sanctions the intrusion of one company upon 
the line of another, it is thought that power should 
be given to the existing company to compel any 
other company using its line to contribute to the 
expense of the necessary works or to submit to 
arbitration in the matter. 

There are other points which come under this 
very important question which demand reference, 
but we must postpone them for our next impression, 
in which the remaining heads—intercommunication 
in trains, brake power, defects in rolling stock, level 
crossings, and the proposal of an appellate tribunal, 
together with thosecoming under C IL. and IIL., 
will be dealt with. The subject is one of consider- 
able importance, and to attempt to condense it into 
the small additional space we might, at the expense 
of other important matter, be able to spare, would 
neither be doing justice to the subject nor to our 
readers. We shall, therefore, conclude our remarks 
for the present with a summary of those points 
with regard to which it is proposed to invest the 
Board of Trade with discretionary powers, and 
resume the report in our next issue, 

Subject to review by a competent appellate 
tribunal, the following are these points : 

1. To enforce the extension of stations and sidings, 
wherever the accommodation provided for the 
traffic is so inadequate as to endanger safety. 

2. To enforce the adoption of the block and 
interlocking systems on all lines or portions of the 
lines where the introduction of these improvements 
is necessary for the safety of the traffic. 

_ 8. To restrict the speed of trains upon any line 
or section of a line which is in a condition to 
render a high rate of speed unsafe. 

4. To require companies to provide their pas- 
senger carriages with continuous footboards. 

5. To impose conditions upon companies in cer- 
tain cases in sanctioning the opening of new lines. 

6. ‘To require companies to provide foot-bridges 
or subways at stations, where the absence of such 
accommodation is proved to be a source of danger, 

7. To require a lodge to be maintained at public 
crossings, for foot passengers wherever circum. 
stances render it necessary for safety. 

It is further recommended that all trains shall be 
required by law, under adequate penalties, to be 
provided with sufficient brake power to stop them 
within 500 yards under all circumstances; that 
there shall be additional facilities for obtaining com- 
pensation ; that the law relating to intercommunica- 
tion in trains shall be amended; and finally that 
there shall be an extension of the civil liability of 
railway companies for accidents to their servants, 
and of the criminal liability of persons in railway 
gine for acts of negligence endangering 
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I1T.—PHILADELPHIA AND ERIE RaiLRoap. 

By reference to the maps, and summary of the 
railways, see page 77 ante, it will be seen that 
Harrisburg is 105 miles from Philadelphia, and forms 
the western terminus of that section of the main 
Pennsylvania Division ; the Northern Central Rail- 
way from Baltimore to Sunbury also runs through 
Harrisburg, making a junction with the Penn- 
sylvania road at that city. Sunbury lies a short 
distance to the north of Harrisburg, and forms the 
eastern terminus of the Philadelphia and Erie Rail. 
road. The Northern Central, as has been already 
shown, is controlled by the Pennsylvania Com- 
pany. The Philadelphia and Erie has a total length 
including a branch of 351 miles, and forms a direct 
communication between Erie and Baltimore and 
bmors gusy, passing through some of the most 
beautiful and picturesque scenery in Pennsylvania. 

The western terminus of Erie City, situated on the 
south-east side of the lake of that name, and 
288 miles from Sunbury, is a town whose importance 
has been greatly developed of late years, and is now 
a formidable rival to Buffalo. Parallel to the shore 
of the lake, and about ten miles distant, is a low 
ridge of hills, the drainage from which runs from 
one side to the Mississippi, and to the other into the 
lake. ‘The synopsis of the river system of the State 
of Pennsylvania, which we have already published, 
gives this information clearly. The city of Erie is of 
considerable age, having been laid out in 1795, and 
has much historical interest attached to it. It was 
near Erie that the great lake battle was fought in 
1813 between the English and American lake fleets, 
which terminated disastrously for the former, and 
destroyed our power on the lakes, It was but a 
miniature engagement, although the results were 
important, the American fleet consisting of 9 vessels 
carrying 54 guns, and the English fleet of 6 vessels, 
and 63 guns. After the engagement, which lasted 
several hours, was over, the American fleet numbered 
15 vessels and 117 guns. 

The harbour, dovk, and quay works, constructed 
by the Pennsylvania Railroad at Erie, are extensive, 
and of an interesting character; we shall describe 
and illustrate them fully in the course of these 
articles. There are, moreover, some large grain 
elevators, while the registered to: of the port so 
far back as 1872, was 1,227,000 tons, 114 foreign and 
2278 native vessels having entered during that 
year. There are many extensive industries at 
Erie, and an interesting feature to which we shall 
later refer more fully is the sence in great 
abundance of natural gas, obtained by sinking wells. 
A very large number of private establishments own 
their own gas wells, from which pipes are laid 
throughout the houses, and it is used mixed with 
about 50 per cent. of coal gas for street illumination. 
The population of Erie is 19,600. 

Jackson (275 miles from Sunbury) is situated on 
the summit level dividing the drainage to the Ohio 
from that to the lake, 

We may allude here to the fact that for a part of its 
length the Philadelphia and Erie runs through certain 
districts of the oil regions, and derives an important 

rtion of its traffic from the transport of petro- 
eum, Many of these cities of petroleum are of 
recent but rapid growth, liable to rapid decay, 
starting up with the discovery of oil, and dis- 
appearing again when the wells give out, The more 
important of them, however, have taken firmer root, 
and derive more profit from the refining than from 
the pumping of oil, or from the manufacture of oil- 
well plant, Such a one is Union, 261 miles from Sun- 
bury, thus described in the Pennsylvania Railroad, 
Historical and Descriptive: ‘‘ Union is a flourishing 
borough on the waters of French Creek, containin 
manufactories of oil barrels, wooden pumps, ont 
furniture, employing about 300 men, besides several 
other industries. It is surrounded by a good grassy 
country. The town contains six churches, an opera 
house, two public halls, three banking institutions, 
graded public schools, and three hotels. Population 
1500.” 

Corry (250 miles) is another city born of oil, and 
now of high importance. Fifteen years ago it was a 
wilderness, through which the Philadelphia and Erie 

i ran, In 1860 the Atlantic and Great 


Western Railway crossed the former on the site of 
Corry, and the first house of the city was built the 
following year. ‘The. oil fever was raging then, and 
the hastily built Oil Creek road from Corry to 





Titusville was completed in 1862. This convergence 
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of lines to one point decided the location of the city, 
and it soon sprung into a manufacturing centre, 
which spread and prospered through all the fluctua- 
tions of the early petroleum days. It now possesses 
mauy manufactories, including refineries, tanneries, 
lumber mills, for which the wooded mountain sides 
of this beautiful region afford ample supply, factories 
for wooden ware, flour mifls, &c, All the popula- 
tion is essentially industrial, The situation of Corry 
is admirable. It is 1500 ft. above the tide and 800 ft. 
above Erie water level, and possesses a fine climate, 
though severe in winter, and liable to the great 
storms in summer which so often sweep this region, 
The population numbers 6800, and these enjoy about 
the same liberal proportion of churches and hotels, 
schools and academy of music, banks and city 
hall, as its small but well-provided neighbour 
Union. Garland, Pittsfield, Youngsville, and 
Irvineton are four small towns of from 300 to 500 
inhabitants, dependent upon tanneries 
abound in the district, owing to the facilities for 
obtaining bark; flour mills, &c., yarland is the 
terminus of the New York companies’ oil-pipe 
lines, and cars for both east and west shipments 
are loaded here. 

Warren (222 miles) is the chief town of 
Warren County. It is situated on the Allegheny 
River, and is the centre of a very large timber 
trade, the Allegheny and its various creeks affording 
outlet and channels for the transport of the timber, 
which is made up into rafts and floated down in the 
spring. Warren County is rich in oil wells, and the 
city possesses refineries, tanneries, and several other 
industries. The population, however, is only about 
2000. The illustration on page 136, taken from Zhe 
Pennsylvania Railroad, Historical and Descriptive, 
shows the town of Warren and the handsome 
suspension bridge crossing the Allegheny at this 

int. 
an (193 miles) is picturesquely situated high 
up among the hills, over a succession of which the 
Philadelphia and Erie Railway has to climb. It is 
a place of small importance, but a favourite summer 
resort. ‘The company have small shops, and a large 
hotel, accommodating 400 guests, is generally well 
filled through thesummer. The population is about 
2000 


Wilcoz (184 miles) is noted for containing, and, 
indeed, consisting of the largest tannery in the 
United States, if not in the world. 

Ridgway (169 miles) is situated on the crest of the 
divide, the drainage from which slopes on the one 
side to the Mississippi, on the other to the Atlantic, 
It is a forest city, ost the whole of the county 
of which it is the chief town being clothed in a noble 

wth of hemlock and other trees, In Ridgway 
ounty there are two bituminous coal mines—of 
very small production however—the first, with the 
exception of one at Warren, on the line of the Phi- 
ia and Erie i » running from Erie. 
<m falling into the valleys, the line 
follows the tortuous courses of the streams, to rise 
again after passing through a number of towns of 
minor importance to Hmporium (139 miles), which 
is situated on the high land that separates the 
Susquehanna from the Allegheny rivers, ‘This 
ate as well as Cameron, has quite a considerable 
ituminous coal industry, and there are also valu- 
able iron deposits which, as yet, remain unworked. 

Driftwood (120 miles).—At this point is the junc- 
tion of the Bennetts branch extension of the Al- 
legheny Valley Railroad, known as the ‘‘low grade” 
line, the ruling gradient being 48 ft. to the mile 
instead of 100 ft. to the mile, which is the maximum 
gradient of all other lines running over the same 
country, The line was built chiefly for slow speed 
freight traffic to compete with the water navigation 
to New York. 

Renovo (92 miles) is the site of the principal shops 
and offices of the Philadelphia and Erie Railroad. It is 
beautifully situated in a large valley through which 
the Susquehanna runs, and is surrounded by the 
densely wooded mountains rising sharply to a 
height of about 2000 ft. The population is under 
2000, and most of these are connected, or indirectly 
dependent upon the railway shops, which occupy 
50 acres. Belonging to the company there is also a 
large hotel occupying 10 acres, and forming a plea- 
sant resort during the summer, The shops, which 
are well designed and built, have a frontage of 
1600 ft., and employ 700 men. Drawings of these 
shops will be published subsequently. 
iliamsport (60 miles) is one of the most im- 

t cities on the Susqu It has a popu- 

of about 10,000, and the principal business is 





the lumber trade, established only about 25 years ago. { inch with an elongation of .0225, as compared with 
Now there are 50 steam sawmills, and the annual | 199,884 1b. and an elongation of .0310 in Messrs. 
shipments have grown to 200,000,000 ft. The com- Johnson's best samples. The strongest 100-ft, 
pany formed some years since to receive and deal | length in Mr, Haigh’s series withstood 182,058 lb. 
with the lumber floated down the river, have since | per square inch with an elongation of .0233. The 
their organisation handled 8,312,000 logs, equivalent | two first series of wires submitted by John A. 
to 1,642,000,000 ft. of timber. Among other im- | Roebling’s Sons’ Company, showed a remarkable 











a industries, areaxe-making, furniture factories, 
iler shops, &c., there is a match.stick factory, the 
turn out of which is 103,680,000 sticks per day. On 
the south side of the river opposite the city are 
some large iron works- 

Sunbury, the terminus of the Philadelphia and 
Erie, and the point of its junction with the Northern 
Central Railway, contains repairing and construct- 
|ing shops. It is situated on the left bank of the 
| Susquehanna, below the junction of the west and 
| north branches, and above the mouth of Shamokin 
| Creek. This latter outlet from the Shamokin an- 





which | thracite region causes Sunbury to be an important | 


coal station, and about 600,000 tons are shipped 
| annually either on the trains or in boats. 

In this rapid review of the principal stations upon 
the Philadelphia and Erie Railroad, we have, of 
course, omitted to name many of minor importance. 
Enough has been said, however, to show that the 
line connecting the busy town of Erie with Phila- 
delphia and Baltimore passes through districts de- 
pendent for their prosperity chiefly upon the products | 
of the forest and the petroleum wells. ‘The Susque- 
hanna and its branches, which have determined the 
position of the valleys lying between the lofty and 
richly-clothed hills of this beautiful region, are fol- 
lowed as far as possible by the railway, which leaves 
the banks to surmount hills by means of heavy grades, 
in order to strike the lower level again as quickly as 
possible, In its course the railway crosses and er- 
crosses the Susquehanna and its branches, almost 
incessantly, so that the bridgework upon the line 
forms one of the important features of the work. 

We publish this week a two-page engraving of a 
girder bridge recently erected by the Pennsylvania 
Railroad Company at Forty-first-street, Phila- 
delphia, where the line widens out with a consider- 
able number of tracks. We reserve the description 
of this work until we come to consider the bridge- 
work upon the railroad. 








STEEL WIRE CABLES. 

On the ns eee age will be found some interest- 
ing tabulated results showing the various tests of 
samples of galvanised steel wires, conducted by 
Messrs. Martin and Paine, assistant engineers to the 
East River Bridge, New York, which is now ap- 
proaching completion. During the months of 
October and November last, tenders were invited for 
the supply of 3400 tons of wire to form the main 
cables of the bridge, and the leading wire manu- 
facturers in this country, America, and Germany 


| 


variation, the 65-ft. lengths averaging about 
175,000 lb. per square inch ultimate strength, and 
the 100-ft. lengths falling to less than 144,000 lb. 
and to 125,321 1b., while the elongation was reduced 
_ from .0480 to .0045 in one series for the 5-ft. and 
100ft. samples respectively. We append some 
explanatory remarks on the arrangement of. the 
Table. 


Column 1 gives first, the marks placed upon the coils or bundles 
of wire by the bidders, and which were upon them when received ; 
secondly, “End A, and End B” indicate test pieces that were 
taken from opposite ends of the same coil; thirdly, wires 1, 2, and 
3 indicate the number of pieces taken, consecutively, from the 
same ends of the coil. 

Column 2 gives the strain, in pounds, at which the respective 
| wires broke. 

Column 3 gives the relative breaking strain, per square inch, of 

solid steel section. 

Column 4 gives the length of pieces under test. 

Column 5 shows the total elongation, or stretch, at the time of 
reaking, in ten thousandths of-tae lengths of the piece tested, 
| Column 6 gives the permanent elongation, in one hundred 
| thousandths of the length of the sample tested, produced by in- 
creasing the strain from 1200 Ib. to 1600 Ib., and shown on reduc- 
ing the strain to 1200 Ib. 

Column 7 gives the ag mee elongation in one hundred 
thousandths of the whole length of the sample tested, produced 
by the increase of strain from 400 lb. to 1600 Ib., and shown on 
reducing the strain to 400 lb. 

Column 8 gives the modulus of elasticity in pounds. 

Column 9 gives the diameter of the wire at the point of fracture, 
after the zinc is removed, in thousandths of an inch. 

Column 10 represents the bending tests. “Continuous } in.” 
indicates that the wire was bent continuously around a rod 4 in. 
in diameter without breaking ; “4—4 in.” indicates that the wire 
was coiled four times around the rod when it broke, 

Column 11 indicates the diameter of the curve which a piece of 
wire would assume when left to lie loosely on the floor. 

— 12 gives the weight of each coil, as furnished by the 
ers, 


| 
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NOTES FROM THE NORTH. 
Guaseow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron market was 
somewhat firmer on Thursday forenoon, but there was no 
business reported. Warrants closed with buyers offering 
56s. 5d. cash and 56s. 6d. fourteen days, sellers asking 1d. 
per ton more. There was rather a better feeling in the 
afternoon market, with business done at 56s. 8d. one month, 
closing buyers over, sellers 56s. 9d. On Friday forenoon 
there way a steady market with only a small amount of 
business done in warrants at 56s. 8d. three weeks fixed, 
closing with sellers at 56s. 74d. prompt cash, buyers offer- 
ing that price with fourteen days to pay. Out of respect to 
the memory of the late Mr. James Merry no market was 
held on Friday afternoon, and a large number of the 
members of the iron ‘‘ ring’’ were present at the funeral, 
which took place that afternoon. The warrant market 
opened with sellers very firm on Monday morning. Buyers 
held back, but they ultimately paid fully 2d. per ton more 
than the closing prices on Friday. In the morning sellers 
were asking 56s. 9d. cash and 56s. 103d. one month, but 
buyers were 14d. less, and no business was done. Sellers’ 
prices were paid in the afternoon, and the market closed 
with sellers asking 56s. 10}d. cash and 57s. one month, and 
there were buyers at 1}d. per tonless. Yesterday’s market 
was a shade easier in the forenoon, and a good business 








competed for the centract, which was, we believe, 
awarded to Lloyd Haigh, whose price was only 
8y cents per pound, while that of the Washburne 
and Moen’s Manufactory Company was 13,%5; cents. 
It is worth notice that the contract price sub- 
mitted by Messrs, Richard Johnson and Nephew 
was only 13} cents, or less than that of the Wash. 
burne Company, although the latter are protected by | 
the import duty of 20/. aton. In price, therefore, a 
leading English firm has beaten its American com- 
petitor—one of equal standing—despite the heavy | 
protective tariff, and an examination of the results 
of testing will show that Messrs. Johnson and 
Nephew took the leading place. These trials were 
very carefully conducted, and are valuable in them- 
selves, apart from the special purpose for which they | 
were conducted. It will be noticed that each sample 
of wire sent in by the different manufacturers was | 
submitted to a bending test, as well as to three 
separate experiments for tensile strain, two lengths 
of 5 ft, and one of 100 ft. being employed. 

It will be observed that the ultimate strength of 
the wire accepted is not by any means the highest, | 
but is evidently of very uniform quality, judging from 
the slight difference in the ultimate strength of the 
100-ft. lengths as compared with that of the 5-ft. 
lengths. ‘The samples submitted by Messrs. John- 
son and Nephew show considerably the best results of | 
any of the pieces tested, the ultimate strength rising | 
as high as 206,170 lb. per square inch of section, | 
the strongest American sample «breaking under | 
194,227 lb., with an ultimate elongation of .0380, 
against .0440 of Johnson and Nephew’s samples. In | 
the 100-ft. test, the wire of the first-named manufac- 
turer broke under a strain of 190,543 lb. per oqeael 


was done in warrants at 56s. 74d. cash, closing buyers over, 
sellers 56s. 9d. Theafternoon market was firm, and some 
transactions took place at 56s. 9d. one month fixed, and 
568. 7}d. cash, closing sellers over, buyers 56s. 6d. cash. 
There was a firm market in’ the afternoon, with business 
done at 56s. 9d. one month fixed, and 56s. 74d. cash, closing 


| sellers over, buyers 56s. 6d. cash. Quietness was the rule 


this forenoon, and business was reported at 56s. 6d. cash 
and 56s. 74d. one month open, closing buyers 56s. 6d. cash, 
sellers 56s. 7}d. The afternoon market was steady at 
forenoon prices, but no business was reported. The wide- 
spread feeling of depression is not in the least abated, and 
the present state of trade gives good ground for it, but the 
comparatively low price now ruling, and the firmer attitude 
now maintained by the makers, will tend to keep quota- 
tions steady, and if not even to improve them to some 
extent. Shipping iron is steady in price, but is very slow of 
sale. But itis not likely that this condition of things will 
continue long, as the spring trade is about due; and how- 
ever unsatisfactory may be the exceptions; it will un- 
doubtedly lead to more activity than at present prevails. 
Last week’s shipments amounted to 6183 tons as against 
7994 tons in the corresponding week of last year. The 
stock of iron in the warrant stores was isensenell teat week 
by 3863 tons. 

Manufactured Iron.—The manufacture of finished iron 
continues to be in a.very Satisfactory condition. There is 
a large amount of business on a sound basis ; profits, how- 
ever, if any, are but a mere shadow; still, as they are 
about the minimum, a change can scarcely come about 
unless for the better. 


The Railway between Tayport and Newport.—The 
contracts for the construction of the railway between Tay- 
port and Newport have recently been closed, the cost of the 
works in the s being between 50,000/. and 60,0001. Mr. 


| John Waddell, who has the contract for the construction 


of the Dock-street Tunnel, Dandee, which is connec 
with the Tay Bridge scheme, is the principal contractor. 
It is that the works will be commenced in the 


course of three or four w 
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TABULAR STATEMENT, GIVING THE RESULTS OF TESTS MADE OF SAMPLES OF GALVANISED STEEL WIRE, 


BIDS FOR FURNISHING THE CABLE WIRE FOR THE EAST RIVER BRIDGE. 
J. LLOYD HAIGH. 


SENT WITH THE 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEsBRouGH, Wednesday. 


=_— was again & 
very good attendance on ’Change at Middlesbrough, but like 
revious market days for the past few months there was 
ittle or no business done. The stocks of pig iron in the 
North are now very considerable, and holders hope to get 
remunerative prices. Nominally the quotations of pig- 
makers were the same yesterday as they were a week ago, 
being based upon No. 3 selling at 45s. per ton. This state- 
ment, however, does not convey any definite idea as to the 
figures at which legitimate business was tra The 
fact is that at present the market quotations are of no 
moment, so many holders of pig iron being ir. such a position 
that they are willing to make special arrangements and 
quote special rates for the delivery of pigs. How long the 
existing state of affairs will continue is an enigma which is 
puzzling a good many knowing ones in the trade. 


The Finished Iron Trade.—We have frequently pointed 
out that the iron rail trade is chiefly done through agents 
in London and is a matter of correspondence. There is 
certainly some correspondence between agents in the me- 
tropolis and iron rail makers in Cleveland at present, but 
at most of the works there are no rails being made, and 
when there is likely to be any produced is not very ap- 

rent. The salvation of the finished iron trade of the 

orth is the active demand for ship plates. Trade gene- 
rally is decidedly flat. 

Shipbuilding and Engineering.—Were it not that these 
two extensive industries, affording cupterment for so many 
thousands of men, continue busy, it is difficult to imagine 
the condition in which the inhabitants on the banks of the 
northern rivers would have found themselves during the 
depressed times through which we are passing. 


Prospects.— Judging from the application to Parliament 
for private bills for the etecution of public works, it appears 
that there ought to be good trade at no distant date. 
There are no fewer than 116 bills for railway and canal pur- 
poses alone. Of this number 81 are for the construction of 
new lines and for the making of additional works for old 
companies. In all there are 221 miles of railway to be con- 
structed by existing bodies and 258 miles by the new boards 
that have to be formed. The old companies want to take 

wer to borrow 19,807,750/., and the new companies desire 

he loan of 5,508,6007. Altogether the bills before Parlia- 
ment pro} to authorise an expenditure of upwards of 
25,000,000/. for railways in England, Scotland, and Ireland. 
There are 16 bills for tramways, 43 new gas bills, and 29 
water bills. Schemes like these, if carried out, involve 
vast expenditure, and afford employment to very large 
——— of people, the result of which is general good 
trade. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
'- Midland Railway C my’s Report.—The half-yearly 
report of the Midland Railway Company just issued shows 
a net increase of receipts of 88,9021., the total revenue 
having been 3,200,016/. and the working expenses 1,709,3691., 
or 58.90 per cent. Mr. Joh the | tive superin- 





tendent, reports that during the half-year 28 engines had 
been renewed. The train mileage of the half year has 
been 12,275,811, an increase of 550,542. Mr. sley, 


engineer, reports that the Hawes branch has been retarded 
by the continual and excessive rains. The Appleby South 
Junction line is nearly finished. Onthe Nottingham and 
Melton line,-one of the earthwork, and nearly two- 
thirds of the brickwork have been done. 


The New Sharlstone Collieries near Wakefield.—The 
report of Mr. Jeffcock, engineer to these pits, states that 
in the Stanley Main seam south of the faults, the workin 
is good. In the Haigh Moor seam the coal is being open 
out beyond the second fault. The exploring headings are 
considerably in advance, and no new dislocation has been 
met with. On the surface the new head gear is fixed, pit 


bank formed, and the new sidings progressing well. e 
winding engines by Pollock are now being for conduc- 
ting the shaft and work satisfactorily. Underground, 


various alterations are in hand. 


The Wakefield Gas Works.—At a special meeting of the 
shareholders of the Wakefield Gas Company on Friday it 
was resolved to purchase nine acres of additional land for 
the ar gre of erecting thereon . gasholder to supply the 
low-lying parts of the town, and to save the present leakage 
of 15 to 20 per cent. 


Midland Railway Company’s Local Undertakings.— 
The accounts just issued show that in the half-year 56,0001. 
have been spent onthe Swinton and Knottingley line; 
10,7181. on new curve, &c., at Skipton ; new sidings, &c., 
at Keighley, 1306l. ; land, &c., at ord, 93,4251. ; new 
station, &c., at Calverley, 1527/.; sidings at Beeston, 
59581. ; deviation at Radford, 12,9681; widening line 
Shipley to Bradford, 8882/. ; land at Mansfield and Retford, 

.; extension of bonded stores at iceds, 24731. ; new 
line at Holbeck, 26541. lus. 3d.; land at Methley, 40001. ; 
extensions of refreshment rooms and sidings at Normanton, 
61321. ; new sidings at Cudworth, 9221. iis. 2d.; new 
line and station at Masborough and Rotherham, 37191. ; 
new bridge, shed, bonded stores, &c., at Sheffield, 13,8901. ; 
new sidings at Sheepbridge, 8621. 14s. 8d. ; new cottages at 


Clay Cross, 8591. 6s ; new power station and 
si at Ambergate, 87302. ; new offices a Derby, 28741. ; 
new locomotive, &c., shops and sidings at Derby, 70,1191. ; 
new cottages at Chaddesden, 2337/.; wagon branch at 
Litchurch, 19,1941. ; new me hag Rowsley, 15,9031. ; new | 
engine shed, &c., Nottingham, 13,043/.; and land at 


at 
Langley Mill, 5618/. In the list of lines and works in 
course of construction the Killamarsh extension figures for 
7016/., and the Dronfield and Unstone branch for 48281. 





THE PENNSYLVANIA RAILROAD. 
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SUSPENSION BRIDGE OVER THE ALLEGHENY RIVER AT WARREN. 










\ 











We annex illustrations of an ingenious and appa- | 
rently efficient permanent way detail, designed and pa- 
tented by Mr. John Newman, of 85, Gracechurch-street. 
It is shown at Figs. 1 and 5, and is of two kinds, that on 
the left being a fastening for new lines and renewals, | 
and that on the right being intended for existing lines. | 
The fastening for new lines is applicable to a flange or 
chair road, where the fastenings are inserted in the flange 
of the rail or chair. The spike has a lug formed on it at A, 
and the shape of the hole to be made in the rail flange to 
receive the spike is seen at Fig. 2. In driving a spike a plate 
of wood or metal as thick as the lug is deep is placed under 
the rail, and the spike is driven in the position shown | 
in Fig. 6. When the bottom of the lug reaches the sleeper | 
& quarter turn is given to the spike, which brings it into 
the position shown in the drawing. The plate is then 
withdrawn and the spike driven home. It will be 
seen that any tendency in the spike to rise is met by the 
resistance of the underside of the rail flange. The dog 
spike for existing lines, seen in Fig, 5, is applicable to a 
flange road where the fastenings are placed against the 
flange of the rail. The dog has a lug formed upon it 
at B; it is driven in the manner just described, and its 
positions are shown in both figures. 

A method of securing the ordinary kinds of flange rail 
fastenings at present in use is shown at Figs.8 to 12. In 
one case a plate D is placed under the flange of the rail 
and bent over the head of the spike. The dotted lines 





show the position of the plate when placed in position, 











and before being hammered down. The plate is tapered 
at P, and is beaten by the hammer over the head of the 
fastening, thus preventing the plate being pushed out. 
Any lateral movement is prevented by the two project- 
ing pieces, F F, Fig. 9, which rest against the head of the 
spike. In the case of the dog spike, a bent bar K, Figs. 10, 
11, 12, is placed under the flange of the rail and over 
the head of the spike. Those portions of the bar which 
pass under the rail have their undersides jagged, so that 
they will not draw horizontally. We. believe that these 
fastenings have been subjected to a prolonged test with 
very satisfactory results. 








BetGian Coat Imports.—Coal was imported into 
Belgium in 1876 to the extent of 788,000 tons as com- 
pared with 704,000 tons in 1875. 


Oxrorp Marin Drarnace.—The Local Board have ac- 
cepted tenders for the rising main of 24 in. cast-iron pipes 
from their pumping station to the intended sewage farm, a 
distance of a mile and a half, and the work be com- 
menced early in March. The contractors for the supply of 
the pipes are Messrs. Cochrane and Co., Woodside Iron 
Works, Dudley, and for the laying, Mr. F. C. Bugbird, 
Enfield, and the ineer is Mr. W. H. White, Assoc. Inst. 
C.E., Oxford. The partly completed inverted syphons 
under the River Isis, at Saunders’ Bridge and Osney, 
stopped osary Sas months back by the floods, are yet at 
a standstill m that cause, and the dams occasion con- 
siderable inconvenience to the river traffic and the practice 
of the University eight and other boats. 






































































































Fes. 16, 1877.] 


ENGINEERING. 





137 





THE SOCIETY OF TELEGRAPH 
ENGINEERS. 


. Inaugural Address by Prorrssor ABEL, F.R.S., 
ae President. 
. (Continued from page 119.) - 

THE application of the vulcanising process to the india- 
rubber coatings or wires was hailed as a very, important 
advance in‘the preparation of { ph wires or cables, 
but, unfortunately, although the action of the mee of 
vulcanisationhas been repeatedly madethe study of chemists, 
it remains ‘but very imperfectly understood, and as a natural 
consequence, the various processes of treatment of india-rubber 
with sulphur or sulphur compounds continue to be highly un- 
certain in regard to the and permanence of the 
results they furnish, these being seriously affected by some 
slight variations in the conditions attending the prepara- 
tion and treatment of the india-rubber, apparently still be- 
yond the control of the manufacturer. The most important 
objection, of a chemical nature, to this application of the 
veleanising process, which was encountered in the earliest 
days of its history, namely, the injury sustained by the 
copper conductor, consequent upon the chemical action of 
the sulphur contained in the dielectric upon the metal, was 
set aside by the manufacturer availing himself of the 
chemical fact that tin resists the action of the sulphur 
under certain.conditions which are favourable to the union 
of that.substance with copper, so that the conductor could 
be efficiently protected by applying the simple process of 
tinning: ‘But the tendency to an alteration, either in 
chemical character or mechanical structure, or both, ex- 
hibited, though to a very uncertain degree, by vul- 
canised india-rnbber, even, sometimes, when it is 
kept submerged in water, has developed serious 
elements of uncertainty—well known to my audience—in 
cables prepared by vulcanising processes. The experience 
in the durability of cables for military telegraphic and sub- 
marine*mining operations, which I have acquired during the 
last few yeirs; ehables me to give a few interesting and 
perhaps not unimportarit illustrations of the imperfect 
nature of existing knowledge regarding the chemical ‘and 
other conditions to be fulfilled in the application of valcan- 
ising processes to the preparation of telegraph cables. 

A considerable number of half-mile lengths of vuleanised 
telegraph cable (covered with tape) was obtained from dif- 
ferent makers: for military field telegraph service, and for 
firing broadsides‘on board ship. The cable was apparently 
of excellent quality when delivered, but portions issued for 
service, and therefore subjected from time to time to the 
effects of exposure to weather, and, in a few instances, to 
occasional immersion in sea-water, were found, within three 
years, and within eighteen months of the date of their pur- 
chase, to have undergone very serious deterioration ; indeed, 
in some instances they had become absolutely unservice- 
able, the insulation resistances of the half-mile lengths 
having in several instances fallen below 3000 ohms. A 
careful examination of some of these cables showed that, 
although here and there they had sustained injury from 
abrasions or punctures (india-rubber covered cables being 
peculiarly liable to the latter kind of injury), their defective 
condition was generally due to an alteration sustained by 
the dielectric in parts,. whereby the material had become 
quite porous, so that even the variationsin the hygroscopic 
condition of the atmosphere on board ship, where the wires 
were fixed between decks, caused decided differences in the 
results obtained with a particular battery power. The con- 
tinuous passage of a current for a short time through por- 
tions of such wires, while submerged, te me their 
efficiency by the sealing of the pores in the insulation by 
electrolyed gas, as was demonstrated by reversing the cur- 
rent, which established the original leakage. This altera- 
tion in the dielectric was not uniformly distributed over a 
length of cable ; the porosity was in some instances found 
to extend along a few feet only, the adjacent portions being 
ina very good condition. 

An inspection of a large number of these field telegraph 
cables, which had remained untouched in store since their 
delivery, showed that-many of these had also suffered de- 
terioration; but that the alteration they had sustained varied 
very greatly in extent, the insulation resistance of the half- 
mile lengths having fallen in some instances as low as 
6000 ohms. These cables were stored together, in a dry 
building, in half-mile coils, enclosed in canvas wrappings, 
and therefore protected from light. 

Many’ of- the armoured cables, with single and multiple 
cores (the dielectric being vulcanised throughout), which 
have been provided for submarine mining service, and which 
have been kept immersed in water from the time of their 
delivery, during the early part of 1872, were found when 
tested for insulation resistance, about eighteen months after 
their supply, to have suffered deterioration generally, and 
im some instances to a very considerable extent. e in- 
sulation resistance of the single armoured cables had fallen 
from 13,000 megohms and upwards to from 100-450 me- 
gohms, but the greatest change was exhibited in some of 
the multiple (seven) core cables. Most of these contained 
one or more cores which had fallen in insulation resistance 
very much more than those enclosed in the same cable, and 
& re-examination of the cables after the lapse of another 
year's immersion showed that this com tively very great 
deterioration of certain cores continued rapidly. Thus while 
in one cablé five cores gave insulation resistances rangi 
from, 68 “to, 1140’ megohms, two cores, side by side wit 
them, gave only 9.9 and.1.5 megohms; the deterioration 
of these cores had moreover progressed rapidly, while that 
= the others appeared to have ceased, at any rate for a 
ime. Other multiple cables exhibited a similarly remark- 
able want of uniformity in the condition of the insulation 
cf the cores which they enclosed ; the special examination of 
these. indicated that the great fall in insulation resistance 
of certain cores was most probably due to a local alteration 
of the dielectric similar to-that-observed in the field tele- 
graph cables of like manufacture, and furnished additional 


proof of the uncertain 
vuleanising process to 
cient insulation. 
The idea s 

in conjunction with the hemp used in the man o! 
these cables, might have opérated préjudicially’ a. the 
insulating property of the vulcanised india-rubber, but the 
impregnating material used in all these cables was Swedish 
pitch, which, so far as I can learn, has never been observed 
»to- exert any detrimental action ; moreover the very dif- 
ferent behaviour of the cores enclosed even in one and the 
same multiple cable was conclusive evidence inst the 
sibility of the deterioration emanating from that 


on. 
The dielectric of the. cables just referred to, consisted, as 
already stated, of india-rubber vulcanised throughout ;. but 
experience scarcely less conflicting, and perhaps even more 
interesting in its nature, has been acquired with cables pur- 
chased for submarine mining service, of which the dielectric 
was prepared according to Hooper’s system. This, as I 
need scarcely remind my audience, consists in maintaining 
the inner portion of the india-rubber, by which the con- 
ductor is meee, in on re zie cenniies wee the 
view of guarding against the possibility of s ur i 
aceess to the copper), through the agency of a pan | 
separating layer, containing a preparation of a metal which 
has the power of arresting the of sulphur beyond 
it, during, and subsequent to, the application of the vul- 
canising process to the external portion of the dielectric. 
The experience acquired with a field-telegraph cable, made 
according to this system, was most favourable. It was 
taken into use in 1867, and the efficiency of its insulation 
has remained -practically unimpaired; except where it had 
sustained mechanical injuries. The inner, .unvulcanised, 
portion of the india-rubber of this cable still exhibits no 
sign of change at any part. The same indication of per- 
manence has been exhibited, so far, by a number of ar- 
monred cables, supplied for submarine mining service, the 
dielectric of which was manufactured according to Hooper’s 
system, and which have been stored in air. The insulation- 
resistance has certainly fallen considerably, in most in- 
stances, in these cables, but the unvulcanised’ portion of 
the dielectric has exhibited no signs of alteration, even at 
the extremities to which air has, of course, had access. 
But the cables of quite similar make, which were kept 
stored in. water, a a number of which were also stored 
dry, ‘side by side with those just: referred to, have exhi- 
bited a different behaviour. The inner or unvulcanised 
portion of the india-rubber of the ends of all the cables 
which were stored in water immediately upon delivery, 
had, within a year of their receipt, become more or less 
viscous and exuded from the extremities, exhibiting, in fact, 
the change already spoken of, which has been considered 
to be due solely to oxidation. This change has been found 
to be confined in these cables to the portions (only a few 


attending the application of the 
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feet in length) which have been always kept out of water for | eff: 


testing p ses, the altered portions of the india-rubber 
being found to terminate sharply at the point where the 
immersion of the cable commenced. This appeared con- 
clusive as to the change being the result of oxidation ; at 
the same time it appeared curious that oxygen should pene- 
trate to the interior of the armoured cable from the extre- 
mity, even to a distance of several feet. 

The same exudation of the viscous product of change of 
the unvulcanised india-rubber having been observed at the 
extremities of a number of the armoured cables, containing 
Hooper’s core, which were stored in air, a special examina- 
tion was instituted of two of these, and it was found that 
the change in question was not limited to the extremities, 
but extended at any rate to a great distance along the 
cables (which were coiled on drums). Three le: of 
fifty yards each were cut off from one of these cables, and 
the inner extremities of all of these exhibited the unvulca- 
nised rubber in the same viscous state ; at the extremity of 
another 200 yards of this cable the same change existed, 
though it was not quite so complete as at the other parts 
where the cable was cut. It is obviously impossible that 
atmospheric oxygen could have penetrated from the extre- 
mities of these cables to this t distance ; indeed, the 
viscous nature of the product of change of the india-rubber 
would appear altogether to preclude its penetration even to 
very short distances from t irections. If, therefore, 
this alteration of the india-rubber is only brought about by 
oxidation, the oxygen must evidently find access to the in- 
terior of the dielectric through the substance of the cable ; 
and that such a penetration is not only possible but certain 
is demonstrated by some of the results obtained by the 
eet Soe res = his ————— ny op ° 
‘* the absorption and dyalitic separation of gases by colloi 
septa.”” Graham found that solid india-rubber (punched 
out of a block) absorbed oxygen to an extent which showed 
this gas to be twice as soluble in rubber as in water, at the 
ordinary temperature ; the comparatively greater porosity 
of vilcanised india-rubber would additionally favour the 
absorption of oxygen, and it is evident that by this ab- 
sorbent power oxygen must be gradually conveyed to the 
interior of the india-rubber coating of an ins wire. 
The oxidation of the unvulcanised india-rubber being once 
established, the tendency to the absorption of oxygen by 
the external vulcanised india-rubber, and to its passage 


through the latter, must be promoted by the increased |. 


tendency to chemical c' of, and the continual assimi- 
lation of oxygen by, the inner portion, which will operate 
in some measure like the application of a vacuum, by which 
Graham caused air very rich in oxygen to filter through a 
stout valcanised india-rubber tube. The alteration of t 
unvulcanised portion of the dielectric in a cable containing 
Hooper’s core, which is kept exposed to air, is therefore 
easy of explanation, and if such a cable be exposed to air, 
even for no lengthened period before its submersion 

the change of the india-rubber may have already 





to a considerable extent. But how is it that cables, of 
which the dielectric has been prepared according to one 
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and the same system, applied, presumably, with as mach 
uniformity as eile’ caplet hive been stored in sir, 
side by side, under precisely the same conditions, behave 
so di erently—the unvulcanised ion of the india- 


f | rubber exhibiting not the slightest symptom of 


even at the extremities, in some cases, while, in others, i is 
more or less converted into the viscous product throughout : 


the cable? - 

Messrs. soe furnish an explanation which, from their ' 
careful study of the matter, merits full consideration. They 
depart sumewhat from the principle laid dwn by Mr. | 
Hooper as the basis of his process, namely; the ‘absolute 
protection of the inner portion of the dielectric from access 
of sulphur, and consider that the impregnation of it by.a 
minute proportion of sulphur, when the vulcanising process 
is applied, is essential to its protection from pp. Bahn 80 * 
that the alteration in some instances of the interior of the 
dieletric would, according to this, be ascribable to an acci- 
dental failure in the necessary transmission to it of this 
minute proportion of sulphur. How far this explanation 
has been verified I cannot say, but at any rate this ap 
to be a problem which, as in the case of the capricious 
behaviour, in regard to deterioration, of completely vul- 
canised dielectrics, the application of chemical science should 
be expected to solve. 

It should be stated that the conversion of the india-rubber 
into the viscous product does not appear, so far as any ex- 
perimental and other inquiries extend, to be detrimental to 
the insulation of cables, ig which it has recently occu¥red, 
but it remains to be ascertained by experience Whether the 
transmission of sulphur to the conductor, which Mr. Hooper 
made his fundamental object to guard against, will not be 
favoured by the conversion of the interposed pure india- 
rubber into the semi-fluid product, which may perhaps in 
time also exert a solvent or softening action upon the ‘outer 
vuleanised coating,‘ and thus act destructively upon the 
insulation. Even if the insulating power is not re- 
duced below working ee the transformation of 
the solid material immediately surrounding the conductor 
into a semifluid substance cannot but detrimentally affect 
the structural strength of the cable. 

I feel that I should apologise for the tedious ng of my 
observations on insulating materials, for I know they were 
not needed to impress you with the importance of the appli- 
cation of chemical research to a more complete study of the 
causes of the defects in the dielectrics at present in use, 
and to the production of insulating preparations, suitable 
for cable covering, which shall possess the chemical as well 
as physical characters essential to permanence under all 
climatic and other influences to which land and submarine 
cables may be subject. The efforts which have been made 
from time to time to produce new insulators, or to improve 
the existing ones, may be said to have served, until lately, 
chiefly to clear the ground for future. experiment; but 
there is one direction in which, after repea unsuccessful 
orts by different experimenters (among whom I 
must include myself), important success appears to have 


been achieved. 
(To be continued.) 





A TasMANIAN Tramway.—The Van Dienien’s Land 
Compare is constructing a tramway between Emu Bay and 
Mount Bischoff, a distance of 45 miles. The works have 
been a long time on hand, but the line -passes through some 
heavily timbered forest’ from Emu Bay*for 31 miles ap, 
broken only by three small plains,“ between the tén and 
fourteen-mile boards and 20 miles up by. the Hampshire 
Hills Plains, which extend for three miles along the liné. 
The line is cleared for 28 miles up from the. bay,” beyond 
which point gangs of men are at work, who have clea 
equal to three miles, making a total ‘clearance of 31 
miles. The rails and permanent way have been laid for 
some time to a point 10 miles from the bay. ; 





Kinaq’s CoLLEGE ENGINEERING SocrrTy,—At a meet- 
ing of this society on February 9th, a Pee on the pro- 
perties of d ite was read phy J.C, kay, who is 
now engaged on the works of the tunnel which is in course 
of construction at Dowlais, Glamorganshire. Mr. Mackay 
directed attention to the need of a highly disruptive ex- 
plosive, and at the same time of one available to_ on * 
the arduous operations of the miner with safety and eco- 
nomy. He pointed out that such an explosive should not 
be affected by damp, should not’ require la ings, in- 
volving expensive work, should: not generate an accu- 
mulation of smoke, not be too easily ignited,’‘and should ‘ 
possess facility of transport -ard ‘storage. _ He showed 
that dynamite, in careful hands, fulfilled to a great extént 
all these conditions, and was specially adapted : for. tun- 
nelling through hard strata of rock. It was not injured by 
moisture, a quality which no other explosive D yrex ot it 
would only explode by detonation, was not explosive by 
igni an economy in labour which, as 
compared with other explosives, was in the ratio of 4 to 3. 
The result of the mpm cost of ene in Clifton 
tunnel, for driving fif lineal yards, he “¥~ as follows : 
For powder 291. 10s.; for gun-cotton 18/. 2s.; for dyna- 
mite 16/. 10s. Mr. Mackay also referred to the results ob- 
tained experiments under his own observation at 
Dowlais, and pointed out, that the use of dynamite must . 
be regulated by the character of the rock, and that 
most economical when applied to harder rocks, yet it was 
found to be less useful in the case of..coal and the 
i nclusion Mr. Macka; J 


a 


result of the ‘explosions at Hell Gate as showing the ex- 
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this trade at the commencement of 1877 is considered to 
present an improvement as compared with its state at the 
commencement of 1876. The cost of ving 
been brought down to the lowest point, while stocks are 


production ha 


press ‘the market much further. 

egpeess fe be tao Sees. Seen 
ding idle, and are ready 

first sign of improvement. In other words, the capacity of 


he one great drawback 
number of furnaces are 
be put in blast on the 





production is in excess of any probable legitimate de- 
mand. 


Tue Frencu Coat Traps.—This trade remains dull. 
Colder weather has, however, i the demand. 
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STAVE-JOINTING MACHINES. 
By J. Ricwarps. 


In examining the inventions relating to particular 
processes or operations it is curious to note how 
such inventions are sometimes multiplied without 
any apparent object except novelty. A marked 
instance of the kind exists in the various machines 
which have been proposed and patented for jointing 
the edges of staves for wooden vessels, 

The operation of jointing staves is but one among 
many required in the manufacture of cooper ware 
by machinery, yet it will be safe to assume that 
the inventions or patents relating to this particular 
operation are three times as many as for any other, 
mainly, no doubt, because the process is one which 
admits of great variation in the appliances for pre- 
senting, guiding, and cutting away the wood. e 
joints between the staves of a cylindrical vessel are 
always in a plane passing through its axis, and such 
joints can, of course, be p by moving the 
staves in a straight line in contact with plane cutting 
knives, provided the staves when so treated are 
forced into the form they assume when erected in 
a vessel, that is, if a stave is bent to its finished 
shape the edges will fit upon a flat plane. This 
fact for some reason seems to have been overlooked 
or neglected in the many inventions relating to 
jointing ; otherwise, for the thinner kind of staves 
at least, there would certainly have been a greater 
number of machines operating on this A mgs. which 
will be further noticed in its regular order and in a 
future place. 

One of the earliest stave-jointing machines 
patented in Great Britain is illustrated in Figs. 1 
and 2, showing a top and side view of an invention 




















described in patent No, 6752, dated 1835. The 
stave a is placed on a table e attached to the bar or 
guide c, which is directed in its course by means of 
pins sliding in the two ves at o andi. The 
surplus wood is sup to be cut away by a 
circular saw as shown, ome edge of the 
stave curved as seen in the plan. Ir respect to 
this machine it need hardly be said that joints thus 
made would not fit, and that on the whole it isa 
bungling affair operating on but one edge at a time 
and occupying a great deal of room. 

In Figs, 3 and 4 is shown an invention of 1851, 


4. 








taken from patent No. 13,687. This may be regarded 
a8 a considerable advance on the former machine, 
inasmuch as both edges of the stave are prepared at 
one time, and although the joints made are not 
true in a theoretical sense, they are as nearly so as 
in the case of some modern machines now in use 
and to be hereafter noticed. In the sketches annexed 
@ is a table or carriage hung on the two links ¢ c, 
which to form a common vessel would, however, 
require to be much longer than shown in the dia- 
gram. The edges of the stave ¢ are cut to 


knives being supposed to correspond to radial lines 
from the centre of a vessel for which the staves are 
intended. In moving the iage forward or back 
it is raised or lowered as the length of the links 
¢ c may determine, and as the end of the stave’ap- 
proaches the planing knives it is made narrower as 
the space between the two diminishes. The links 
c ¢ must of course have a er equal to the radius 
of the bulge of the vessel, and aside from the incon- 
venience which would arise from this length varying, 
there would be an objection from the great len 

of links sometimes required, 

Fig. 5, taken from patent No. 2092 of 1853, and 
Figs. 6 and 7 from No, 3129 of 1860, are what may 
be called radial saw jointing machines, an example 
of which was exhibited in the late Exhibition 
at Philadelphia by F. Arbey, engineer, of Paris. An 
example of a different modification is also to be seen 
in the Royal Arsenal, Woolwich. 


Fig. é. 





Fig.5 merely shows the position of the jointing 
saws cc and a section of a stave a between; ¢ isa 
carriage or support beneath the stave. Referring 
to this figure it may be remarked that some very 
successful machines operating on this plan have been 
constructed in America for use in preparing the 
staves of what is there called tight barrels, those for 
holding liquids. The pieces are moved on a carriage, 
and the position of the saws, as to the width of the 
stave, is varied as occasion may require. The staves 
being riven or split out are of course very irregular 
as to width, so that the adjustment referred to has 
to be quick and ready, generally performed by a 
treadle operated by the foot of an attendant. e 
objections to machines of the kind are that they 
operate slowly, and are apt to leave the joints 
rough. 


In Figs. 6 and 7 we find the radial swing carriage 


Fug.G. 
"@% 
@ } 


( 

















again, pivoted at a and provided with an adjustment 
which is intended to provide for staves of different 
width. Two circular saws ¢e¢ are set at an angle 
eg ees A corresponding to the radius of a vessel, 

ut fixed in respect to adjustment for different dia- 
meters, The stave c is clamped by a screw, as shown, 
and then passed between the two saws. 

The jointing machine at the Royal Arsenal before 
refe’ to is an elaboration of the mode of operating 
shown in the present figures, The radial swing 
bracket or carriage s, instead of representing as here 
the spoke of a wheel, becomesin the arsenal machine 
a wheel in fact. The periphery is polygonal, and 
on the flatted spaces the staves are clamped by auto- 
matic mechanism, so that the work goes on almost 
continuously, and in amount performed will far 
exceed the demands of any coopering works. 

In Fig. 8 is shown a plan of a jointing device 
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dating from 1858; a is a stave to be jointed, s a 
iage moving on the flat ways m, but free to deviate 
sidewise as the curved guide bar c may determine, 
The carriage s being moved past the saw ¢, the stave 
or staves at gare cut on their edge to a curve corre- 
sponding to that of the guide c. 
Machines of this kind are at the present time em- 
ployed for jointing the stavés for cheap barrels, such 


by | as those used for cement and similar dry substances. 





the two conical planing blocks s 8, the angle of the 
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being at a right angle with the face or flat ofthe 
staves; in other words, the section of staves so 
jointed is rectangular, and not bevelled to fit on the 
outside of the barrels. 

In Fig. 9 and the detail Fig. 10 is represented 
a mode of jointing which, aside from the means em- 



































ployed to cut away the wood, is by no means an im- 
ay one, A number of staves, as shown atain 
th figures, are clamped in a strong frame, and 
beside g set in an “a position as shown in 
Fig. 9, are bent to the form they will have when 
erected, as explained by Fig. 10, The opinion just.ex- 
poset in respect to this mode of jointing has re- 
erence to the perfection of the work done and not 
to the operative value which a ine thus ar- 
ranged would have. It is evident that staves to be 
treated in this manner would require to be parallel, 
or nearly so, in their thin sections, and there would be 
a further difficulty in bending a large number at one 
time, as shown in Fig. 10. e force required .for 
this purpose would of course have to equal the sum 
of the resistance of all the staves, and require 
mechanism other than that indicated in the diagram. 
In respect to a reciprocating saw for removing the 
wood, such a ae would not at this time be thought 
of. i ives would be used instead. 
In the di Fig. 11 is seen an arrangement to 
pe ~_— cutters 1 different widths of staves, 
e pivot at a representing an imagin centre of 
the vessel to be made, ‘The mode of ‘cuniing by 
means of moving the handwheel and nut at ¢ up or 
down on the screw c will be clearly understood 


the di The stave shown in the section at 
mis sup to be carried forward by appliances 
which cause it to deviate from a horizontal 


plane, and thus produce the required to form 
the bulge, or as it is termed in America the ‘‘ bilge” 
of the vessel. Such i under various forms 


will be met with in future lagrores. 
In Fig. 12, from a patent of 1859, is shown what 





seems to be the first attempt to provide for the 
adjustment of conical planing blocks instead of the 
staves to form the taper or bulge. Remembering 
the old proposition in mechanics that ‘when two 
bodies are to be moved relatively, move the lightest: 
one,” it seems strange that in cases ly ex-. 
— and one yet to be referred to, that the 

ventors did not think it easiest and best to 
move the cutters instead of the stave to form 
the bulge. It is however not long since there was 
much prejudice — the plan of moving the 
bearings of spin in wood - cutting ines, 
and it was thought that to secure proper working, 
such bearings should be rigidly attached to, or form: 
part of the main framing. It might also have been 
argued that as the staves had to be moved longitudi- 
nally at any rate, it was best to combine this 
end movement with a lateral one to produce the 





The joints are of course not perfect, the edges 





bulge ; but this is now a matter of no consequence, 
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and if we follow back a a class of inventions in 
search of what may be called rational conclusions, 
we soon come to a period when chance seemed to be 
the main element. 

Referring now to Fig. 12, a isa rotary spindle 
carrying planing knives ¢ at its top, ¢ is a section of 
a stave, and m a counterweight to balance the 
spindle a2. The lever » when connected by proper 
mechanism with a carriage on which the stave was 
moved, would raise the spindle a as the cutters came 
to the bulge, and then lower it again to taper the 
other end; the conical form of the cutters produc- 
ing the proper angle for the joint and also the 
required taper each way, form the centre of the 
stave, The dotted lines indicate the range of move- 
ment. 

Figs. 13 and 14 show an example from a patent 


Fig | 


of 1869. The carriage a, Fig. 13, seems a formidable 
kind of affair to move a single stave ; it is mounted on 
the undulating ways as shown, the stave c passing 
between the two planing cutters set at an inclination, 
as shown in Fig. M4. 
Aside from the questionable mechanism employed 
for moving the stave, the machine here shown bears 
some ogy to a modern one hereafter to be 
noticed, In this remark, however, there is no in- 
tention to point out precedents, which can go for but 
little insuch cases, unless specific mechanism is taken 
into account. The reader has no doubt before this 
concluded that in so far as principles or *‘ modes of 
rating” aré concerned 4 plentiful supply have been 
ady noticed, and that the wanting element, if any, 
has been a good plain arrangement for practically 
“ppiyin the ideas embodied in the several machines. 
e agrans Figs. 15 and’16 show the mode of 

















operating in what is called the “‘ Woodley and 
Anderson machine,” a modern one, the date of which, 
however, we cannot now fix, In these machines the 
staves are slid along a bed » by nieans of a chain 
provided with teeth, which push the stave forward 
with a positive movement. 

Two planing blocks cc are set in a diagonal posi- 
tion to suit the diameter of the vessels to be made, 
the swing frames ¢¢ in which the bearings are placed 
being hung on a pivot above, and adjusted by a right 
and left threaded screw and the links, as shown in 
Fig. 15. All the cutting mechanism and details for 
its adjustment are mounted on the sliding frame s, 
which moves up and down on the standards ii, This 
frame s is moved | baw cams mm operated by the 
shaft o, Fig. 15. is shaft is connected by means 
of positive gearing with the feeding chain, which 
moves the staves so as to produce a coincident move- 
ment, and makes one revolution for each tooth in 
the chain or for each stave that passes through. 

A query. will arise in respect to this manner of 
pperesing sa to how the staves are to be guided 

ugh the machine. On.the.bo:tom they must 
slide.on the table or, bed #, and the edges being 
acted upon by the cutters, and irregular both before 
and after being cut, it leaves only the flat.top sur- 
por pe the staves available for oviding.. The. rear 
ends of course would be guided by the driving teeth, 
but not the entering or forward end, In a machine 
examined by the writer, a ribbed or serrated bar of 
metal pressing on the top of the staves was relied on 
for guiding, and in the case of the staves which 
shiy-straight and parallel there seemed no dificalty 

y straight ere seemed no difficult, 

in effectin ore garns & Hie wey, 

In Figs. 17 and 18 we have another exam 
gonal cutters moved up and down to form 


e of dia. 
bulge , 





the stave a being moved on a carriage, as shown at ¢, 
Fig. 17. A guide or forming bar ¢ moving with the 
carriage moves the cutters 00 +o down as the 
stave passes along, determining the bulge as in other 
cases heretofore noticed. In respect to this method of 
operating it may be claimed that the positive guidance 
of the staves secured by the reciprocating carriage will 
enable rough or irregular pieces to be properly 
jointed, and that the mechanism is less complica 
than in the machine last described. This remark, 
however, should be qualified:by saying that a-com- 
parison in the respect named should take into con- 
sideration what kind of mechanism is employed for 
operating the carriage in Figs. 17 and 18. On this 








int the writer’s present knowledge does not enable 
im to judge, but for operating on ordinary staves, 
if the carriage was properly mounted for the pur- 
pose, it it could very well be moved by hand. This 
would however depend on. whether the movable 
cutter frame was counterweighted, and the amount 
of frictional or other resistance it offered in follow- 
ing the guide bar on top. 

e remarks here and elsewhere in respect. to the 
operation of the various. machines illustrated, are in 
no way made to compare their relative merits or 
efficiency, but to point out such operative conditions 
as ee diagrams and mere description alone might not 
explain. 

n Figs, 19 and 20 is shown the mode of jointing 


Fig 73, 


a 


staves some time since illustrated in ENGINEERING, 
among a complete cooperage plant for making small 
barrels. In this operation the staves are bent to 
the form they will have when in a completed vessel, 
as shown at a, Fig. 20, and when thus bent are 
moved in a straight line between the two conical or 
tapering cuttersee. The angle of these cutters 
corresponds to radial lines from the centre of an 
intended vessel, and the joints produced are correct 
in every way. It may be pointed out that. the 
conical form of the cutter blocks accomplishes the 
same thing as the diagonal spindles elsewhere shown, 
and is much more simple as an expedient to form 
the bevel. The operation is not necessarily slower 
than in the case of other machines before noticed, 
while the mechanical details of a machine to operate 
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on this method are fewer in number, and more|] 


simple than when the cutters and their spindles are 
moved at the same time with the staves to be jointed. 

This completes the devices to be noticed wherein 
staves and common planing knives are employed to 
shape the staves. ere are others, but either not 
distinctive or without operative value. 

Next we come to what is commonly called wheel- 
jointing machines, a class which are almost exclu- 
sively employed-in America for the stronger or 
stiffer kinds of staves, such as are used for vessels 
to hold liquids or heavy substances, 

For the most part such machines are constructed 
on the plan shown in Figs, 21 and 22, that is, with 


a dished wheel, the concayi 
approximately to the bulge of the vessels, . 

ese wheels are made of a diameter large 
cnonge: b cut. the whole length of the staves with 
lon, i 
as 


of which corresponds 


own in Fig. 22. The amount of bulge in the 


ted | as kerosene, oils, t 





ves, which poajoct testy through the face, | i 


staves can be regulated by changing the position of 
the table a beneath the stave ¢. By inclining this 
table downward toward the wheel the ends of the 
staves are made narrower, and the bulge increased. 
Such machines, it need hardly be explained, do not 
make perfect joints, but the work is good enough 
for most cases, and for any kind of vessels not 
subjected to internal pressure, or to hold such liquids 
entine, benzine, &c. There is 
in favour of this method some advantages which go 
to compensate for the want of theoretical exactness, 
The machines are extremely simple, not liable to 
derangement, and inexpensive, all desirable features 
in cooper machinery, which is generally entrusted 
to the care of attendants less skilled than in the 
case of other kinds of wood-working machinery. 

In Figs. 23 and 24 is shown another form of 





what is called ‘‘ wheel-jointing machines,” a refine- 
ment on the method just described, inasmuch as the 
work performed, or rather the result produced is 
theoretically correct. In this case ¢ is a joint- 
ing wheel or disc similar to the one just described, 
except that its face instead of being concave is 
flat. The staves a to be jointed are bent and 
fastened to a swing bar c, which is mounted on 
pivots at i, ina plane corresponding to the face of 
the disc e. By swinging this frame c from one side 
to the other, bringing both ed of the stave a 
alternately in contact with the knives 0, the form 
given is precisely what is wanted to fit into a vessel 
the radius of which equals that of the swing 
bar ¢, provided, of course, that the stave is bent 
before jointing to suit the bulge required. 

In respect to machines operating on this plan it 
may be remarked that, although slow in their per- 
formance when compared with the dish wheel and 
some others, they are nevertheless extensively em- 
ployed. The long knives cutting diagonally across 
the edge of the staves leave a true smooth surface, 
free from those undulations which are sure to be 
left in rapid working with the‘ planing ‘cutters de- 
scribed in former machines, The rapidity of cutting 
is in favour of the wheel machines, but the adjust- 
ment of the staves especially in the machine last 
described consumes more time. 

One thing to be remarked in the case of the wheel- 
jointing machines, perhaps their principal feature, 
is that they joint staves regardless of width. This 
is the principal reason for so generally using such 
machines in America, where, as before mentioned, 
the staves are nearly always riven or split out 
from the timber, and consequently of varying width. 
For common barrels, those employed in packing 
flour for example, the staves vary from 2 in. to 3}in. 
in width, and no two are of the same width unless 
by accident. 

Finally, in this long list of machines directed to a 
simple and single operation we come to what may be 
called ‘‘ guillotine” machines, in which a direct- 
acting knife cuts away the edge of the staves at one 
operation, the bulge being determined by the in- 
clination of the staves in respect to the knife. 


Fig ~~ - 
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taken from a patent No. 1335 of 1868. Here e is a| of composition, but must pass on to his first chapter, | Mr. Burgh, however, does not explain whether these 
stave or pile of staves to be operated upon, a is a| to which he gives the interrogative title ‘‘ What is | two powers help each other or w they fight it 


reciprocating knife actuated by the link i and the 
crank c. The knife, as shown, is made angular on 
the edge to secure a shearing cut. 

The diagram, it should be explained, varies greatly 
from the most common form for such machines, 
which, as a rule, are operated by a treadle, and the 
stave moved instead of the knife; the latter 
being firmly fixed to the framing, and one stave 
at a time jointed by being carried upward past the 
knife on a table connected with a treadle. 

In some cases, for the thinner kinds of staves, 
there are provided devices for bending the piece to 
its finished shape before the knives act. 

In the fifteen or more: machines and modifica- 
tions of machines which have been noticed, it can 
scarcely be maintained that they re 
from a lower to a higher grade. It.is true that the 
mechanism im ; the proportions, fitting, and 
sO on, sataclinnlomors, tin so far as modes 
of operating. ameyeoncerned a_few) ofthe first 
may be: said to comprehend nearly all which follows, 
The incentives 4omadify machines witheut: having 
any real operative gain in view. are many,:and while 
this kind of invention. is steadily diminishing as-it 


must do with experience and an increased power.of; 


discerning of what is useful and what.is: noty.still 
no small share of the changes which each year brings 
about are directed to novelty rather than utility. 

It is not, however, .the purpose) to bring this 
charge.against. the long list.of inventions.for stave 
jointing, although it wilbin cases apply, but. 
one thing may be safely said,. that there..are but 
few. cases wherein so much modification has in the 
end attained so little. The amount..of wood to. be 
displaced, the adjustment and guidance of material 
and implements, expense, complication, with other 
conditions taken into account, it may be fairly as- 
sumed that no really satisfactory machines for joint- 
ing have been produced. 

Some of the machines last noted are constructed 
to weigh several tons and at a cost equal to that of 
a large wood-planing machine, while the material 
to be displaced does not exceed what a small sash 
moulding machine has to perform, 
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Pocket-Book on Compound Engines. By N. P. Burau, 
.E., M.1,M.E., &c., Marine Consulting Engineer, Pre- 
sident of the Institution of Marine Engineers. London: 

Charles Wilson. - 
WE have had to thank Mr. Burgh for many 
hearty laugh, and our. indebtedness. to him in this 
respect. has been considerably augmented by the 
book now before us. It is much to be regretted 
that no means exist by which it could be insured 
that works like the present should only fall into the 
hands of those who can appreciate them at their 
proper value, If this desirable end could be attained, 
we amongst many others should gladly welcome the 
advent of Mr. Burgh’s mirth-moving volumes ; but 
unfortunately such books get into the ion of 
those who innocently turn to them for information 
instead of amusement, and who are thus led to 
waste many valuable hours with results which are 
much to be deplored. Hence comical as Mr. Burgh’s 
writings generally are, their publication has a 
graver aspect, and it is our duty to deal with them 
seriously, and to expose their fallacies, 

In his preface to the book now under notice, Mr. 
Burgh expresses his ‘ belief that this work is the 
** most valuable I have written.” It is quite pos- 
sible that. this ‘‘ belief” may be well founded, for we 
find on examination that pages 230 to 264 are de- 
voted to tables of areas and circumferences of circles 
in which we have not noticed any blunder ; whether 
there are $4 consecutive pagesin any of Mr. Burgh’s 
other works of which the same may be said, is open 
to considerable doubt. Mr. Burgh also informs us 
in his preface that the formule which he gives are 
‘* founded on results absent from dispute, so that 
‘“‘the future engine can be safely designed from 
“ them, without doubt of the present results.” Here 
we again agree with Mr. Burgh. Of course, the 
‘* present results” which he mentions can have 
nothing todo with the ‘future’ engine, and can 
only be the results accruing to those who may at- 
tempt to use his formule. What these results would 
be will be more evident presently when we come to 
explain what the formule in question are. 

@ must not, however, linger over Mr. Burgh’s 
preface although it contains some smanchaho guns 





nt a progress | “ 





‘* steam ?” e reply to the query thus proposed 
involves a difficulty which our author explains as 
follows: ‘‘ Taking this subject as steam proper, we 
‘‘ should be contented by stating that steam is heat, 
‘¢ water and air, but unfortunately steam is not made 
‘¢ ¢ proper,’ so we have, therefore, to deal with what 
‘¢ is produced asa total.” To meet with this assertion 
on the first page of the book is somewhat trying, 
and the reader who has been shocked by the infor- 
mation that ‘‘ steam proper” is “heat, water and air” 
is not reassured by learning on page 2 that the 
*‘ total” above mentioned (or steam ‘not made 
‘¢ ¢ proper,’” as Mr. Burgh elegantly puts it), *con- 
‘ sists of heat, water, air to equal steam, then. steam 
‘¢ produces pressure from which temperature,is rea- 
ised, ucing thereby radiation, which is another 
‘¢ name for cooling, causing liquefaction or satura- 
© tion inthe cylinders, often termed condensation.” 
Further we are supplied with the wonderful infor- 
mation that ‘“‘this condensation gives out-friction, 
‘¢ that effects the piston speed, aniuneincandtba in- 
‘* dicated horse power” ! ; 

Mr. Burgh, however, returns:to the»‘* What is 


steam ?””. question, and favours his. readers with the 
following additional explanation: ‘‘ Steam,” he 


says, ‘fis an-elastic gas of more or less»density 
nstituents 


‘¢ according to the proportions of its co 
‘* as, for example, shouldgthe heat be-reduced by 
$* cooling, the same q of water is increased 
Sin its effect, and thus icity is reduced,. the 


ig cera water in .steam being in all cases a 
‘+ known constant; whilexthe presence of heat, is, 
‘‘ more or less,..increased or reduced by cireum- 
‘+ stances,”, After thiguwe are able to. read calmly 
Mr. Burgh’s explanationsof what steam does when 
it ‘‘ elasticises ”—a fine word this—from a volume of 
500 to one of 15,000, an expansion which our author 
somewhat singularly considers to be equivalent to 
‘¢ ] to 3,” and we even fail to be surprised on learn- 
ing that after the “ elasticising,” ‘‘ the water is the 
‘* game, the heat is the same, and the air is the same, 
‘‘ supposing nothing to be lost.” A perusal of these 
sentences, moreover, quite peegaron us for the in- 
formation that what Burgh’s means.‘ by lique- 
‘“‘ faction is thatthe waterand air-amalgamate an 
‘+ formmore water,” a phenomena, a&.curious as it 
would be:to find Mr. Burgh amalgamating with 
something and forming more sense, 

Mr, Burgh’s second chapter.is devoted to ‘‘ The 


_Action of Steam in the Qylinders.of Compound En- 


gines,” anda. very: ising, chapter it.is. The 
f initial steam,” be info rms us, ‘‘ is the scientific 
¢ term for the new steam which enters the cylinder 
“ fromthe ‘timeof ‘lead’ to the:{.cut off,’ ” and he 
then to. state that ‘+'This. bulk.of. steam, 
4+it mast “be. remembered, is. the total indicated 
‘* power.of the whole of the stroke of the piston in the 
‘‘ small cylinder and the whole of the stroke’of the 
\« larger cylinder—if only two cylinders are.used ; but 
‘if a third, then the power of the steam extends to 
“‘@ third stroke of the piston.” Readers who may 
be somewhat ‘‘fogged” at the above sentence, 
and who may fail to the singular fact. of the 
“ initial steam” being the “total indicated power,” 
are, perhaps, scarcely likely to be enlightened by 
the further information which Mr. Burgh inflicts on 
them that: ‘‘ The first motion then is direct for the 
‘* piston, the second motion is vibratory for the con- 
‘¢ necting rod, and the third motion is rotary or re- 
‘‘ volving for the crank pin. The initial steam 
“‘ commences with the first motion, and the elastic 
‘‘ force operates with the main portion of the 
“second, and about three-fourths of the third 
“motion. The travel of the crank pin in relation 
“to the vibratory action of the connecting rod 
‘¢ governs the development of the initial steam in- 
“versely.” Even the assertion that ‘ the motion of 
‘‘ the crank pin governs or affects the length pro- 
“ portion of its connecting details, and, therefore, 
‘the action of the steam is subservient to that 
‘¢ fact,” can scarcely be considered to make matters 
so plain as is desirable in what its author calls a 
‘* practical work.” 

t has been usual to consider that the motion of 
the crank pin was due simply to the pressure of 
steam on the piston, but Mr. Burgh explains the 
motion thus: ‘ The initial steam,” he observes, 
‘© on entering the cylinder will impel the piston 
‘¢ direct on to the crank pin; but the centrifugal force 
‘and the momentum will cause the crank pin to 
‘¢‘ move either way as the case may be.” is is 
kind of the ‘ centrifugal force and momentum,” 
and we trust that their labours will be appreciated ; 


d | fails to render this 


out and the strongest wins ‘‘as the case may be.” 
The extracts just given from Chapter II. are all 
from the first three pages of that chapter, but they 
may be taken as fair samples of the whole. To go 
through the whole chapter in detail would be weari- 
some—even the fact of two of its pages being printed 
upside down failing to break its monotony—and we 
shall therefore take leave of it by quoting its final 
sentences, which read thus: ‘‘ The final effort of the 
‘* steam on the low-pressure cylinder has next tobe 
‘‘ explained. On the valve opening the exhaust 
“ —_ the exhaust steam ‘rushes’ to the condenser, 
“ because a vacuum is formed, and thus a ‘ space’ 
** admissible for the steam to enter. Obviously, 
‘¢ therefore, there is no back ure in the low- 
‘* pressure cylinder with a condenser. We mention 
“ this fact as an axiom for the benefit of young 
‘* engineers.” We most sincerely pity all ‘+ young 
— who may study Mr. Burgh’s ‘‘ axioms.” 

hapter III. treats of the ‘ Relative Positions of 
the Cylinders of Compound Engines,” and it is a 
harmless one, being merely a brief and very incom- 
plete recapitulation of the various arrangements 
proposed or used from time to time. Chapter IV. 
bears the promising title: ‘‘ How to Design a 
Compound Engine ;” but the tyro who refers to it 
will somewhat disheartened to find the opening 
sentence read thus: ‘ CYLINDERS AND VALVES,— 
“+ Having settled the diameter of the cylinders for 
‘* high and low pressure steam, next settle the length 
“ of crank pins, width of. cranks, and length of in- 
‘‘ termediate shaft-bearing, because those dimen- 
‘* sions determine the distance between the centres 
‘* of the cylinders, to a great extent, particularly in 
‘* moderate sized engines.” These points which heis 
thus told to “settle” being just the points which 
he desires to know how to settle, we fear that the 
young designer who refers for information to the 
chapter under notice will turn from it without that 
feeling of thankfulness to the author which Mr. 
Burgh would no doubt like to cultivate if he knew 
how, Even the information which Mr, Burgh 
vouchsafes further on, that ‘the return-action 
‘* typeis dying an natural death comparatively,” 
apter a valuable one. 

‘¢ How to Indicate a Compound Engine ” is what 
our author proposes to teach in Chapter V. The 
indicators, he informs us, ought to be fitted to the 
ends of the cylinders for the reason that: “ If we 
‘* suppose ourselves looking at the ‘line’ of: motion 
‘‘ of steam when doing duty in the cylinder, we 
‘* shall see that the steam has a tendency to force 
‘s off the cylinder ends.” Whether from this we are 
to understand that Mr, Burgh believes that the steam 
presses against the ends of the cylinder only it is 
difficult to say. As regards the length of the indi- 
cator diagram he observes that: ‘* About five inches 
‘is the usual limit. But with engines running at 
‘* high velocities—say from 350 to 500 revolutions 
‘¢ per minute—four to three inches are the better 
‘“‘ lengths,” We recommend this information to the 
attention of Mr, Thornycroft, who, notwithstandin 
his extensive experience in indicating high-spe 
engines, has evidently—supposing Mr. Burgh to be 
right—much to learn, 

‘“‘ The Analysis of the Indicator Diagram” occupies 
‘Mr. Burgh’s attention in Chapter VI., and hare 
we are made aware of the fact that the only 
reason for raemerem 3 more than one cylinder ina 
compound engine is, ‘to allow ‘time’ for the 
“ elastic force of the steam to expend itself.” We 
are also informed that ‘‘the distance should there 
‘* be any, between the two lines of contact” of the 
diagrams may be considered as back pressure; but 
the additional information as to how the distance 
‘“‘ between” the ‘two lines of contact” is to be 
measured, is unfortunately omitted. Some of our 
readers may, perhaps, be surprised to know that in 
an indicator diagram ‘the compression and lead 
‘+ portion is usually a square, if allowed in theory ;” 
but they may be reassured by Mr. Burgh’s further 
observation that ‘in practice the bottom corner is 
“ very often knocked off.” We regret to learn, too, 
that ‘the initial steam line, although angular in 
‘¢ practice, does not compensate in loss for the fully 
‘¢ developed expansion line.” We are not perfectly 
clear as to what this means, but. we fear it indicates 
a wrong behaviour—not to say wickedness—of the 
“ initial steam line,” which Mr. Burgh will do well 
to see to, and we are strengthened in this opinion 
because Mr. Bur onto observe that on ac- 
count of this behaviour of the initial steam line, 





and “to make matters balance, therefore, it is wise 
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** 40 consider all the back pressure shown in the 
“ di , and to deduct that back pressure from 
“the areas of the diagrams; because, if not so 
“done, the mean pressure as recorded will include 
** the back pressure, and therefore the indicated horse 
** power will be made out to be more than it really 
“ a We own that this sentence somewhat 
uzzles us, as we fail to see how back pressure can 
be included in the areas of di s as ordinarily 
measured, and we are not enlightened by learning 
that the back pressure above referred to is “ that 
‘¢ portion above the atmospheric line that is between 
** it and the exhaust line of the high-pressure cy- 
*¢ linder,” and “also the whole of that portion be- 
‘¢ tween the two diagrams when they do not piece 
“* together.” Mr. Burgh seems determined to make 
the most of the loss between the two diagrams, 
and his ingenious efforts in this direction do him 
credit. 
Chapter VII., although fortunately brief, is ex- 
ceedingly trying—albeit comical. In it Mr. Burgh 
treats of ‘ ‘he Value of a Unit of Heat in Steam in 
‘« Compound-Engine Cylinders,” and commences by 
saying: ‘‘ We have now to discuss the formation of 
‘a unit of heat; the sum of that formation; and, 
** lastly, the value of it.” Our author does not dis- 
a the hopes raised by this introduction : 
*+ The formation of a unit of heat in steam,” he ob- 
serves, ‘“‘is the amount of heat absorbed by the 
‘‘ water and air proportionately, and the form or 
‘‘ shape of that unit is a series of globules which 
*‘ contain the heat which set them in motion.” 
This perspicuous statement is followed by equally 
valuable gems, Dr. Joule earning our commisera- 
tion by being credited with the extraordinary dis- 
covery, ‘‘ that the effort required to raise one pound 
‘* of water at one degree of temperature one foot 
** high, was equal in effect to the falling of one 
** pound weight 1390 feet deep.” This will be news 
for Dr, Joule, and we commend it to his notice; 
probably he will be surprised to learn. how difficult 
a “pound of water at one degree of temperature” 
is to lift. 

The chief difficulty in giving a fair idea of the 
arrant nonsense which Mr. Burgh presumes to put 
into print is the large space required for quota- 
tions. Chapter VIIL., for instance, should, to do 
Mr, Burgh full justice, be quoted entire. Our space, 
however, will not permit this, and we must content 
ourselves with some brief extracts. The title of 
the chapter is, ‘‘ The Loss of the Heat in the 
** Steam in Compound-Engine Cylinders,” and it 
consists of an attempt to explain a wonderful dis- 
covery which Mr. Burgh apparently thinks he has 
made. Commencing by describing in very singular 
language the manner in which the indicated horse 

ower of a compound engine is ordinarily calcu- 
ated, our author observes: ‘“‘ We find in practice 
*¢ that it is essential to take each cylinder and mean 
** pressure as a combination exclusively ; that is to 
‘‘ say, the mean pressure of the high-pressure cy- 
*‘ linder belongs to its area; and the mean pres- 
** sure of the low-pressure cylinder belongs to its 
“area. But mark this! the two separate exclu- 
‘sions we have just alluded to results (sic) in a 
“ given speed of piston. Now if that speed is a 
* resultant, said to be from combined forces, we 
“have a right to consider those forces as combined 
*‘ and not separately.” ‘This remarkable statement 
of principles, or whatever the author chooses to 

it, is intended to prepare the reader’s mind for 
the still more remarkable discovery of Mr. Burgh’s, 
that the foot-pounds of work to be done per minute 
should be divided by the collective areas of the high 
and low pressure cylinders multiplied by the piston 
speed in order to obtain the mean pressure required to 
develop a given power! ‘ This mean pressure,” says 
Mr. Burgh, “ is in fact the collective power required 
** to work the engine as it should be, but we find in 
‘* practice that the actual pressure required, is often 
‘more than three times the theorevical pressure.” 
Mr. Burgh is further kind enough to inform us that 
he “ has a this subject a great deal of conside- 
‘‘ration during the last five years,” and that his 
conclusion is ‘*that fwo-thirds of the heat in the 
‘+ steam is lost by imperfections of proportions, 
‘* radiation, and liquefaction.” Whether the “im- 
perfections” are in the heat of the steam or in the 
engines is, however, not clear, and the matter can 
scarcely be said to be elucidated by the further 
statement that: ‘ Our firm belief is, that this great 
** loss that we allude to, is as much due to the sub- 
** elasticity of the steam as it is to any of the other 
*“* causes we have mentioned.” If we were to state 
what owr “ firm belief” is, we fear that Mr. Burgh 
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would not regard it as complimentary. In taking 
leave of the chapter we may put on record the sin- 
gularly ingenious term “lineal foot-area in square 
** inches” which is Burghian English for the collective 
area of two cylinders of a compound engine multi- 
plied by the piston speed in feet per minute. 
Chapter IX. is entitled ‘Formule to obtain the 
‘¢ Value of a Unit of Heat in Steam in Compound- 
‘Engine Cylinders” and it is devoted to showing 
how to calculate a certain ‘‘ constant” in which Mr. 
Burgh has faith. This constant is obtained as fol- 
lows: The weight of steam used per stroke (our 
author says per “‘ revolution”; but in his rule he 
has omitted to multiply by two) is multiplied by 
the temperature of the steam (Mr. Burgh says 
“sensible temperature of that pressure in foot- 
‘‘ degrees”) at the initial pressure in degrees Fah- 
renheit, and the total indicated horse power is 
then divided by this product. The result, says our 
author, ‘‘ equals the initial heat constant — value C,” 
and he is so pleased with this absurd “ constant” 
that he actually devotes thirty-six pages of his 
pocket-book to examples of the above calculation 
worked out at length! It is scarcely necessary to 
observe that Mr. Burgh’s ‘‘ constant” is absolutely 
meaningless, as apart from the sensible temperature 





of the steam being no measure of the quantity of 
heat used, the constant is, other things being equal, 
simply inversely proportional to the number of 
strokes made per minute for a given piston speed. 
The whole affair is in fact so utter an absurdity 
that it is difficult to understand how it can have 
been brought forward even by Mr. Burgh. — 

Our author is, however, not content with one 
“constant” but actually distinguishes himself by 
bringing forward another, to the calculation of 
which he devotes Chapter X. The title of this 
chapter is, ‘‘ Formule to obtain the Loss of Heat in 
the Steam in Compound-Engine Cylinders,” and 
the rules which it contains are so exceedingly 
comical that, great as is the length to which thi 
notice has extended, we cannot resist quoting one in 
full. Here it is: ‘The mean pressure in the high- 
‘¢ pressure cylinder H, added to the mean pressure 
‘in the low-pressure cylinder L, equals the work- 
“ing mean pressure W. The area of the high- 
“« pressure cylinder D, added to the area of the low- 
‘“« pressure cylinder E, equals the collective area A. 
“The collective area A, multiplied by speed of 
“ piston S, equals the surface of exertion Y. Next, 
“ fndieated horse power P, multiplied by 33,000 
“ K, equals motive power V. The motive power Vv, 
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“divided by the surface of exertion Y, equals 
“the theoretical mean pressure Z. The working 
‘“‘mean pressure W, divided by the theoretical mean 
‘* pressure Z, equals the steam constant C.” It would 
be difficult to imagine anything more elaborately 
ridiculous than this rule. Mr. Burgh’s ingenuity 
in adding the mean pressures in the two cy- 
linders together and calling the sum the “ work- 
ing mean pressure” is worthy of special recognition, 
while his fertility of invention is shown by his 
introduction of the term “ surface of exertion” to 
express what he had previously characterised as 
‘lineal foot area in square inches.” To impress 


this ‘ constant” No.2 on his unfortunate readers 
our author devotes nineteen pages of his book to 
examples of his calculations worked out in full, a 
mercy for which we feel thankful when we consider 
that in place of “ examples” these pages might have 








contained more “ rules,” an alternative too dreadful 
to regard with calmness. 

We regret that the demands upon our space will 
not permit us to extend our review of Mr. Burgh’s 
book much further. ‘The chapters already criticised, 
however, fairly represent those which succeed them, 
and we find for the most part simply absurdity 
fellowing absurdity. In Chapter XI. for instance, 
amongst ‘“‘ memoranda, rules, and tables” we find 
Mr. Burgh treating of what he is pleased to term 
‘‘ permanent load,” this he explaining meaning the 
weight of ‘all details set in motion by the steam 
‘‘ pistons.” Not content with this statement, how- 
ever, he proceeds to give the following extraordinary 
rule: “Rule for permanent load.—Add together 
‘“‘the weights of the details mentioned in pounds ; 
“‘ multiply that sum by the stroke of the piston in 
*‘ feet equals the load at rest.” ‘To most people the 
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absurdity of this rule would be unapproachable ; but 
it is nothing to Mr. Burgh, who proceeds to improvd 
upon it as follows: ‘‘ Momentum load.—This loae 
‘‘is the permanent load set in motion, therefore 
“divide the permanent load by the number of 
‘“‘ strokes per minute, equals the momentum or re- 
‘‘ ciprocating load.” Any comment on these ‘‘rules” 
would be superfluous. Even when Mr. Burgh 
comes to simple tables he does not fail to distin- 
guish himself, for under the heading “ weights and 
‘¢ measures” he informs us that ‘‘ 22.00 cylindrical 
‘‘inches=] square foot,” and that ‘‘ French likes 
“* (sic) x .2202=imperial gallons,” while in a table 
of ‘‘constants” which he gives, one column is 
mysteriously headed ‘ Area of cylinder’s diameter 
‘in inches.” The information that a ‘‘ diameter” 
has an area will be novel to many, 

We have said at the commencement of this notice 
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that Mr. Burgh’s books have proved a source of 
much amusement to us, as well as to many others, 
but we cannot shut our eyes to the fact that their 
publication has a more serious aspect. Those who 
understand the subjects of which Mr. Burgh attempts 
to write will have hearty laughs at his expense, an 
will be so far rewarded for their expenditure on 
his volumes, but we must not forget that these 
volumes also fall into the hands of those who read 
them for information. To such would-be students 
a book like that now under notice is capable of 
doing serious mischief not only by the dissemination 
of absurd doctrines, but by creating the distaste 
for knowledge which is sure to ensue from clumsy 
and ae teaching—or attempts at teaching. 
Viewed in this light the publication of Mr. Burgh’s 
pocket-book is a grave evil, worthy of most hearty 
condemnation, and it is for this reason that we have 
devoted considerable space to its review. To quote 





the work as we have done is to condemn it 
thoroughly. 
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THE PENNSYLVANIA RAILROAD. 
No. VIII. 
PERMANENT Way, SIGNALS, &c. 

Wir the exception of some branch lines and 
sidings, steel rails are employed exclusively upon the 
Pennsylvania Railroad, and the iron and steel 
sections of 1869 have been gradually replaced by 
heavier sections of 60 Ib.and 64 !b., until the stan- 
dard section 7 d last year both for iron and 
steel weighs 67\b. per yard. This section and its 
fastening is shown in Fig. 1 of our two-page 
engraving. The rail is flat-footed, 44 in. wide 
at the base, with rounded ends } in. thick and 
a ms up to § in. at the point where it is 
rounded into the web; the latter is ,°, in. thick at 
top and bottom, and } in. thick in the middle. The 
depth of the rail is 44 in, and the width 2} in. at the 
top, increasing by a taper to 2, in. at the bottom. 
In a section now being tried, the top of the table 
is flattened to approximate it to the form to which 
it becomes worn under traffic. Sufficient time for 
testing the advantage of this form has not yet 
elapsed; it appears doubtful however whether it 
will be sufficiently great to warrant its increased 
introduction, The form of the fishplates is also 
shown inthesection. One of these is of the common 
section, y in. thick, curved inside, and formed with 
a flat portion on the back for the round ends of the 
bolts to take a bearing; the other fish is extended 
down over the foot of the rail, and finishes with a 
flat base 14 in. wide; the thickness of this lower 
part is Y, in, The fish bolts are 3 in. in diameter, 
and are secured by hexagon nuts. No rails are 
made by the company, who purchase from a variety 
of manufacturers. English makers at one time 
supplied nearly the whole demand, but of late 
years the amount imported has decreased, until at 
present American steel rails are almost entirely 
used. The following has recently been adopted as 
the standard specification by the company : 


As it is the desire of the Pennsylvania Railroad Com- 
ny to have on the roads under the'r control none but 
rst-class tracks in every respect, and as the rails laid down 
on their tracks form an important part in the achievement 
of this result, the Pennsylvania Railroad Company have 
found it necessary to make certain demands, in rd to 
the manufacture of their steel rails, with which the dif- 
pone rolling mills and rail inspectors will be required to 
comply. 

1. That the steel used for rails shall be made in accord- 
ance with the ‘‘ pneumatic process,’”’ and shall contain not 
less than thirty-one-hundreths nor more than fifty-one-hun- 
dredths of one per cent. of carbon. 

2. That a test bar 1 ft. long and 3 in. square is to be taken 
from the head of a rail made from each charge. This bar 
is to be supported at each end, leaving a space of 8 in. 
between bearings, and by a sudden pressure on the centre 


of the bar, deflected to an angle of 80 deg. from a straight 
line. This angle will be made the limit between good 
and bad tests. If the bar bends 80 deg. without breaking, 
the charge will be considered good ; if the bar breaks before 
bending, or shows signs of fracture at this angle, two more 
bars will be tested ; if both these stand the test, the charge 


d| will be considered first-class steel; but if one of them 


breaks, the charge will be rejected and called second-class 


steel. 
8. The result of the test of each charge of which the 
Pennsylvania Rai Company are to receive rails, and 


of which an official record is kept at each mill, is to be exhi- 
bited to the rail inspector. 

4. That the number of the charge and ‘place and year of 
manufacture shall be marked in plain figures and letters on 
the side of the web of each rail. 

5. That the section of the rails rolled shall correspond 
with the respective templates issued by the Pennsylvania 
Railroad Company, showing the shape and dimensions of 
the different rails adopted as their standards. _ 

6. That the space between the web of the rails and tem- 
plate representing the splice bar, shall not be less than } in. 
nor more than ¢ in. 

7. That the weights of rails shall be kept as near to 
standard weights as can be demanded after complying with 
Section 5. 

8. That circular holes, 1 in. in diameter, shall be drilled 
through the web in the centre thereof, at equal distances 
from the upper surface of the flange and lower surface of 

he head, and 334 in. from the end of the rail to the centre 
of the first hole, and of 5in. from the centre of the first 
hole to the centre of the second hole. 

9. That the lengths of rails at 60 deg. Fahr. shall be kept 
within 4 in. of the standard lengths, which are 30 ft., 
274 {t., and 25 ft. That not more than 10 per cent. of rails 
of the latter length shall be delivered in any one contract. 

10. That the rough edges produced at the ends of rails 
by the saw shall be well trimmed off and filed. 

11. That rails are so straightened that they will insure a 
perfectly straight track. 

12. In order to get the exact length as mentioned in No. 9, 
it is necessary that the rails should be cut off as near a 
uniform temperature as practicable, that the blooms should 
not be detained in the process of rolling, and should go to 
the saw at a uniform temperature. 

The causes for a temporary rejection of the rails are : 

a. Bad straightening. 

b. Imperfect ends (which after being cut off would give 
a perfect rail of one of the standard short lengths). 

c. Missing test reports. 

d. A variation of more than one-quarter of an inch from 
the standard length. 

The causes for a permanent rejection of a rail are : 

e. A bad test report, showing a deficiency or excess of 
carbon. 

f. The presence of a flaw of one-quarter of an inch in 
depth in any part of the rail. 

g. The presence of such other imperfections as may in- 
volve a possibility of a rail breaking in the track. 

h. A greater variation between the rail and the splice 
bar than is allowed in Paragraph 6. 

The standard sections of permanent way are 
shown in Figs. 2, 3, and 4, which show a section 
at a rail a a type of transverse section of a gravel 
ballasted road, and a similar section with broken 
stone ballast. As will be seen from Fig. 2, the 
sleepers (7 in. by 8 in.) are placed 10 in. apart in 
the clear at the rail joint. The stiffened fishplate 
is held down by cramp spikes, and the bolt holes 
in the fish are 5 in., 8 in., and 5 in, apart, the total 
length of the fish being 24 in. 

Fig. 3 is a cross section for gravel ballast. The 
width of formation from slope to slope is 31 ft. 4 in.; 
the formation level is made up to a height of 8 in. 
under the middle of each line of road, the space be- 
tween being left flatas shown. The ballast is laid 
with side slopes of 2} to 1; between the sleepers it 
is made up flush with the upper surface in the 
centre, and curved off on each side as shown, Under- 
neath the sleepers there are 12 in. of ballast. 

Fig. 4 is a similar section with stone ballast. The 
sleepers are here laid in the ballast, with their upper 
surfaces flush with the top; 12in. are left in all 
cases between the underside of the tie and forma- 
tion. All dimensions are marked upon these sections, 
which renders further description unnecessary. 

The following is the standard specification for 
sleepers : 

1. All ties must be be made of green or living timber of good 

uality and free from decayed knots or other unsound parts. 
= oak and rock oak will be the only kinds of timber ad- 
mitted. 

2. Ties must be 8} ft. long, 7in. thick, and not less 
than 7 in. wide, to be hewn on two sides with straight 
faces, of an even thickness, cut off square at each end, and 
stripped of the bark. No variation will be allowed in the 
length and thickness given above. No sawed or split ties 
will be received. 

3. They must be delivered on the line of railroad, stacked 
up in neat square stacks of fifty each, with alternate layers 
crossing each other, on ground which is as high or higher 
than the grade of the road, and in such a position as to 
admit of their being inspected and counted. 

4. Ties delivered at suitable and convenient places will be 
inspected, and bills made for all received to the 15th of 
each month. The payments will be made on or about the 
15th of the succeeding month 





» The following are the standard specifications for 





superstructure, road-bed and ballast, side drains 
and inspection: 

Superstructure.—1. The track must be on good surface ; 
on straight lines the rails must be on the same level, and on 
curves the proper elevation, as set down in the table, must 
be given to the outer rail and carried uniformly around the 
curve. This elevation sbould be commenced from 100 ft. to 
150 ft. back of the point of curvature, Saeees on the 
sharpness of the curve, and increasing uniformly to the 
latter point, where the full elevation is attained. The 
same method should be adopted in leaving the curve. 

2. The track must be in good line. 

3. The splices must be properly put on with the full 
number of bolts, nuts, stop washers and stop chairs. The 
nuts must be screwed up tight. 

4. The joints of the rails must be exactly midway be- 
tween the joint ties, and the joint on one rail must be op- 
posite the centre of the other rail of the same track. In 
winter a distance of five-sixteenths of an inch and in 
summer one-sixteenth of an inch must be left between the 
ends of the rails to allow for expansion. 

5. The rails must be spiked both on the inside and out- 
side of each tie, on straight lines as well as on curves. 

6. The cross ties must be evenly and properly spaced, 16 
ties to a 30 ft. rail, with 10 in. between the edges of bearing 
surface at joints, with intermediate ties evenly spaced a 
distance of not over 2 ft. from centre to centre, and the 
end on the outside on double track, and on the _— hand 
side going north or west on single track, must be lined up 
Pp el with the rails. 

7. Uhe ties must not under any circumstances be notched, 
but should they be twisted, must be made true with the 
adze, and the rails must havean even bearing over the sur- 
face of the ties. 

8. The switches and frogs must be kept well lined up and 
in good order. Switches must work easily, and safety 
blocks must be attached to each switch head. 

: The switch signals must be kept bright and in good 
order. 

Road Bed and Ballast.—1. The ballast must be broken 
evenly, and not larger than a cube that will pass through a 
2} in. ring. There must be a uniform depth of at least 
12 in. of clean broken stone under the ties. The ballast 
must be filled up evenly between but not above the top of 
the ties, and between the main tracks and sidings, 
where there are any. In filling up between the tracks, 
large coarse stones must be placed in the bottom in order 
to provide for drainage, but care should be taken to keep 
the coarse stone away from the ends of the ties. At the 
outer ends of the ties the ballast must be sloped off evenly 
to the sub ties. 

2. The road-covering planks must be securely spiked : 
the planking should be ? in. below the top of the rail, and 
==. from the gauge line. The ends and inside edges of 
planks should be bevelled off. 

Ditches.—1. The cross section of ditches at the highest 
point must be of the width aud depth as shown on the 
standard drawing, and ed parallel with the track so as 


to water freely during heavy rains, and thoroughly 
drain the road bed. 

2. The lines must be made parallel with the rails and well 
and neatly defined. 


3. The necessary cross drains must be put in at proper 
intervals. 

4. Earth taken from ditches or elsewhere must be 
dumped over the banks, and not left at or near the ends of 
the ties but distributed over the slope. Earth taken out 
of the ditches in cuts must not be thrown on the slope. 

5. The channels or streams for a considerable distance 
above the road should be examined, and brush, drift, and 
other obstructions removed. Ditches, culverts, and box 
drains should be cleared of all obstructions, and the outlets 
and inlets of the same kept open to allow a free flow of 
water at all times. 

Policing.—1. The telegraph poles must be kept in proper 
position, and trees near the telegraph line must be kept 
trimmed to prevent the branches touching the wires during 
high winds. 

2. All old material, such as old ties, old rails, chairs, car 
material, &c., must be gathered up at least once a week, 
and neatly piled at proper points. 

3. Briars and undergrowth on the right of way must be 
kept cut close to the ground. 

4. Station, platform, and the grounds about station must 
be kept clear and in good order. 

Fig. 5 is a plan showing a standard type for a 
three -throw switch, crossings, &c. The former 
consists simply of 25 ft. of loose rail, hinged to the 
main rail, and thrown to and fro with a lever. The 
Table on the following page gives the leading dimen- 
sions of the points, crossings, &c. 

The Wharton switch, so largely used on the 
Pennsylvania Railroad, is illustrated by the Figs. 6 
and 7. The switch rails and movable guard rail 
connected together, are arranged so that when not 
in use they are moved out of the way, so as to be 
clear of the wheels. When closed, as in Fig. 6, 
the guard rail draws the wheels on the opposite side 
away from the main rail, so as to insure the point 
of the switch being cleared by the flanges. By this 
means the wheels are forced by the ej rail 
against the main rail, and the tread is brought upon 
the switch rail which at the end is flush with the 
main rail, but which gradually rises, so that the 
wheel is lifted, and in about 4} ft. it is high enough 
to clear the flange of the main rail, The pointed 
switch rail has, as shown, a guard rail rolled upon 
it, and is extended beyond the end of the opposite 











































































































Fes. 23, 1877.) 


ENGINEERING. 





145 





TasiE No. V.—Leading Dimensions of Standard 
Points and Crossings. 


























E E 
ae ; 
a Sa als a 2 
Description. | 238 / OS 3 Be 
eee| BE | Ee | 36 
a7 | 3g” a n 
ft. in. | ft. in. | ft. in.| ft. in 
Length of switch 24 0; 24 0 
From point of switch 
to point of frog ...| 95 0) 76 0 76 0 
From point to point 
of frogs on adja- 
cent lines of the 
pair of tracks . aps al oe 21 2 
Length of frog... ...)| 15 0) 15 0 8 0; 15 0 
Width of space be- 
tween tracks mea- 
sured from inside 
to inside of adja- 
cent rai mai < sh 7 5 7 5 7 5 7 5 
Length of loose rail . sia ons 25 0 
From point of switch 
to end of Ist frog... 32 0 
From point of switch 
to end of 2nd frog. 52 0 
Length of straight 
rail from point of 
frog to commence- 
ment of curve 26 0; 24 0; 21 2] 21 2 
Number of ties... _ 72. _ 57. 6 | 
in. in.} in. in.| in. in.| in. in. 
Size of ties 7x10; 7x10) 7x10/ 7x10 
ft. in.| ft. in.| ft. in.| ft. in. 
Maximum length 17 0| 17 0/] 26 0; 2 9 
Total feet run ... 842 0 654 6) 746 8/1181 9 





switch rail, so that it may have sufficient strength 
to carry the weight of the train as soon as the latter 
leaves the main track. A crankis placed ateach end of 
the longitudinal shaft of the operating apparatus, one 
placed at such an angle to the other, that while the 
pin holding the switch is in the dead centre, or 
slightly below it, the crank at the opposite end is at 
such an angle as to be easily acted on by the movable 
guard rail by means of its connecting rod. By this 
arrangement, when the switch is in use, any lateral 
pressure against it tends to hold it in position, since 
the tendency is to pregg the operating lever firmly 
on the sleeper upon which it rests. If, however, the 
switch has been accidentally left closed, the first 
wheels of a train running in the direction marked 
by the arrow, press laterally against the guard 
rail, and thus acting on the sensitive crank, to 
which the latter is connected, the ——_ is 
released, and the switch is thrown over, clearing the 
line. The rails forming the switch are of Bessemer 
steel. 

The safety switch is illustrated by Figs. 8 and 9. 

When the interlocking system in connexion with 
the safety switch is used, a point lock is employed, 
and the spiral spring shown in the illustration is 
omitted. 

For facing points the high signal and lamp shown 
in Figs. 14 to 18 are em ered: The sienquuant 
of this signal is so clearly shown in these figures as 
need little explanation ; it will be seen to be of a very 
simple character, 

he cost of the safety switch is 105 dols, ,and that 
of the Wharton switch is 106 dols. 
_ The standard crossing in use on the road is shown 
in Figs. 10 to 12. It is made by the Pennsylvania 
Steel Company, under the name of the “spring rail 
or main line frog.” The price is 60 dels. St is 
15 ft. long, and is made of steel rails weighing 67 lb. 
per yard for main lines, and 601b. for branch lines. 
he rails are rivetted on a wrought-iron bed-plate, 
and the two pieces of rail are dovetailed together, 
and secured from separating by two heavy mortice 
rivets. The spring or moving wing rail is kept in 
place by a cross bar passing through a slot in the 
guard end, and is pressed closely to the side of the 
point by india-rubber springs in iron housings 
(Fig. 12), except when pushed open by the wheels 
in passing into the side track. 
tely, however, the Railroad Company has com- 
menced to manufacture these crossings themselves, 
—— they are doing ” a cost of from 50 to 55 dols., 

owing a saving of from 10 to 20 cent, o 
those purchased. - “— =~ 
® The standard crossing for sidings is the pattern 
known as the ‘‘steel rail stiff frog.” An iliustra- 
tion of this is shown in Fig. 13. It is made of 
67 Ib. steel rail, and costs 40 dola, This crossing is 
also used for yard and shop purposes, and is found 
to answer extremely w The two pieces com- 


posing the point are dovetailed together, and the 





entire space between the point and wing rails is 
filled with cast-iron blocking, which extends nearly 
the whole length of the crossing, and fits the rails 
perfectly, bearing on the flange and underside of 
the head the entire length. The different parts are 
bolted together as shown. The crossing rests on 
wrought-iron bedplates, and the point and wing rails 
are drilled for fishplates as shown in Fig. 13. 

On page 123, Figs. 19 to 28, is shown in full de- 
tail the standard signal tower in use on the Penn- 
sylvania Railroad, and also in the perspective sketch 
on page 122, which gives as well the bridge across 
the track, and the signal lamp in the centre. The 
tower is a light-framed timber structure about 12 ft. 
square, and 15 ft. from the ground level to the 
upper floor in which the operator sits, and which 
contains the requisite telegraph and other signalling 
apparatus. From the level of the first floor the 
tower is made octagonal, and is of a very neat, in- 
deed of ornamental, design. The figures show 
clearly the details of construction, and from them 
it will be seen that the building rests upon a dwarf 
stone wall, on which the bottom sills are placed. 
These signal towers for the whole of the line are 
made in the carriage shops at Altoona, 


nal, Figs. 14 to 18, the ordinary form of switch is 
shown to a larger scale than on Fig. 5. It is simply 
the type known here as the contractor’s switch, 
sliding in a chair provided with stops that check the 
movement of the loose rail when thrown over or 
brought back. The motion is effected by a lever 
connected with the handle that occupies a horizontal 
position, when the switch is thrown over. The end 
of the lever is formed with a socket in which the 
loose rail rests. A second lever, also attached to the 
loose rail, is connected to a crank placed on the ver- 
tical shaft carrying the lamp and discs, so that when 
the main line is closed the signals may be thrown to 
danger. The height of the signals from the under- 
side of the rails to the centre of the discs is 15 ft. 8 in., 
and to the bottom of the lamp 17 ft. 5 in, 

On the main line of the Pennsylvania Railroad, 
feed-water troughs are laid in the track on Rams. 
bottom’s system, so as to save the time that would be 
wasted in stopping at watering stations, By this 
means the express trains between Philadelphia and 
Pittsburgh, need only make two stops, one at Harris- 
burg afterarun of 105 miles, and again at Altoona, 
135 miles further. Fig. 41 shows a transverse 
section of one of these tanks. They are generally 
about 1200 ft. long, and are made of + in. boiler 
plates stiffened with angle irons at the sides, and 
}4 in. from the bottom, and half-round irons along 
the top. The width of the tank is 19 in., and the 
depth 6 in. These tanks are spiked loosely to the 
cross ties to admit of expansion and contraction. 
Fig. 35 shows a general plan of a portion of the 
tank, including the means adopted for preventing 
the water from freezing in winter. This is effected 
by turning steam into the tanks from a boiler placed 
in a shed beside the'track. Steam from this boiler 
is led through a 2-in. pipe into another at right 
angles running down the centre of the track and 
parallel to the troughs. From this main, branch 
pipes 1 in. in diameter are led off at intervals of 
about 40 ft., and are admitted into the side of the 
trough, as shown in the section Fig. 36, Valves for 
shutting off the steam at any desired point are in- 
troduced as shown. The pipes are enclosed in boxes 
6 in. square inside for the large diameter, and 4 in. 
square for the smaller ~- Figs. 39 and 40). These 
boxes are placed at least 18 in. underground to 
check condensation. The valves are all enclosed in 
suitable boxes provided with lids. Figs. 37 and 38 
are respectively a plan and section showing the ends 
of the tank, which are curved to avoid any damage 
being done to the feed trunk of the tender. ‘Lhe 
perspective view on page 122 shows the standard 
arrangement of water tanks, boiler-house, &c, 
Annexed are the regulations and rules of the com- 
pany referring to the repair and maintenance and 
arrangement of permanent way, telegraphs, and 
points and crossings : 

I.—Ru.zs ror FoREMEN OF RoaD REPAIRS. 

1. Foremen of road repairs report to and receive their 
instructions from the supervisor. . : 

2. They have cha of the repairs on their respective 
sub-divisions, ill be held responsible for the condition 
of the road, and the watching necessary to secure its safety 
at all times. 

3. They are required to pass over the whole extent of 
division at least once a day to observe particularly the con- 
dition of the main track, sidings, road-bed, bridges, culverts, 





pee yaniean a water-courses, &c., and execnte such re- 
pairs as may k onern ‘ 
4. They will enenge all work personally, and will see 





Referring for a moment to the standard high sig- | saf 


- yan employed under them faithfully perform 
eir duty. 

5. They must keep a record of the time of the men and 
the material used, and report the same in the manner and 
form directed by the supervisor. 

6. They may discharge or suspend from duty any 
employé under their charge, but must report the case 
promptly to the supervisor for his approval. They must 
not = oy more than the regular force allowed without his 
consen 

_ 7. They will give particular attention to the surface and 
line of the track, especi at the joints, see that it is spiked 
properly, and kept in true gauge, and that the cross ties are 
e re . , and tamped to a uniform bearing. 

8. They must remove all defective materials from tho 
tracks, and all times maintain it in safe condition for the 
passage of trains. , 

9. They must see that the road-bed is kept in perfect 
order, that cuts are sloped, embankments widened, and the 
necessary ditches made to afford thorough drainage. 

10. They must carefully observe the signals carried by 
trains, and be sure that trains running on the same 
schedule have passes before obstructing the track. 

11. They must never obstruct the track in any way 
whatever without first conspicuously displaying a danger 
signal at least 900 yards in both directions on single track, 
and 900 yards in the direction trains are expected on double 
track. Special trains or engines may pass over the road at 
any time without previous notice, and foremen must always 
be prepared for them. Anything that interferes with the 
e passage of trains is an obstruction, and must not be 
attempted without using the above precaution. 

12. me ¢ must not run their hand cars within twenty 
minutes of the time of any passenger train, nor run in the 
wrong direction on double track, and always run with 
great caution, keeping a s look out for work or other 
extra trains. They will, under no circumstances, allow 
their hand car to be used, except they accompany it, nor 
run it on Sundays, or after k, without special per- 
mission of the division superintendent. Hand cars or 
trucks, when not in use, must always be kept locked and 
secured in such a position that they cannot drift on to the 
main track. 

13. iiney ane permitted to use the track in making repairs 
to within twenty minutes of the time of passenger trains, 
and ten minutes of the time of freight trains, but invariably 
under cover of a r si » which must be placed at 
least nine hundred yards in both directions on single track, 
and nine hundred yards in the direction trains are expected 
on double track ; and if it cannot be seen by the foreman 
at the point where he is at work, a man must be placed in 
charge of it. 

14. They must see that watchmen attend to their duties 

by frequently visiting them at night, and promptly dis- 
c e them if found negligent. 
_ 15. They must keep a - watch at Yeo where obstruc- 
tions are likely to occur, and carefully examine the slopes 
of cuts and remove promptly any rocks, stumps, or masses 
of earth that are liable to fall or slide. 

16. They must take every precaution during heavy rains 
and storms to prevent accident ; all hands should be placed 
on duty, and every part of the division closely watched. 

17. They must not allow old rails, cross-ties, &c., to be 
scattered 7 | the road, but have them cleaned up promptly 
and piled. scrap iron and other movable track ma- 
terial should be taken to their head-quarters. 

_18. They will remove all combustible material from the 
vicinity of the track and not permit rubbish to accumulate 
near bridges and buildings, and will promptly extinguish 
any fires that may occur along the line of the road. 

19. They will watch the telegraph line, especially after 
storms, keep the poles in proper position, reset them when 
necessary, unite the wires when broken, and render any 
assistance required by the line repairman. They must 
promptly report to the division superintendent any de- 

ment of the wires. 

. They must see that the water stations are in order, ~ 
that the supply of water is kept up, and me ng ed inspect 
the head of the pipe and clear it from brush, leaves, &c., 
when necessary. 

21. They are required to assist in removing broken cars 
left upon the road, and will render prompt assistance in all 
cases of accident or delay to trains. 


II.—RuLzs ror Switch TENDERS. 
1. Switch Loong o de road are — ns — of 
supervisor, those in the are under the direction o: 
the yard despatchers. 

2. ry are responsible for the safety of trains passin 
the switches under their charge, and the duties althoug 
simple, require the closest attention, as any neglect may 
cause serious accident. 

8. They must keep the switches locked right for the 
main track, except when passing trains to or from the op- 
posite track or siding. 

4. They must always be on the watch for approaching 
trains, and give the safety signal if all is right. 

5. They must carefully examine the condition of the 
switches, keep them clear of snow or other obstruction, and 
promptly report to the foreman of road repairs any defects. 
6. When day and night switchmen are employed they 
must not leave their posts until relieved by each other ; the 
one going off duty must inform the one coming on when 
trains that are due have not passed. 


Il].—Rvuues ror Line REPAIRMEN. 

1. Line irmen report to and receive their instructions 
oe The nin y Raney ot ition, the wi 

® m in proper position, the wires 
co Gym fan ee et ree der | 
make all necessary repairs. When assistance is requi 
oF mgen Se Sepgnen. 68 sean Serie 

5 us' over road frequently closely 
observe condition of the line and examine 
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nexions at the offices. They will report each morning the 
part of the road they will be on during the day. 

4. They must always be provided with a full set of tools, 
and ready to respond immediately to any orders they may 
receive. 

5. They must supply the operators and foremen of road 
repairs with wire, insulators, &c., and instruct them in 

rd to splicing the wire and making other repairs. 
. They will promptly report to the division operator 
anything that comes under their observation that may in- 
terfere with the proper working of the line. 








FOREIGN AND COLONIAL NOTES. 

Coral Growth round Submarine Cables.—A remarkable 

iece of coral has been taken from a submarine cable, near 

ort Darwin, Australia. It is of the ordinary species, 
about 5 in. in height, 6 in. in diameter at the top, and about 
2in. at the base. It is perfectly formed, and the base 
bears the distinct impression of the cable, while a few 
fibres of the coir rope used as a sheath for the telegraph 
wire still adheres to it. As the cable has been laid only 
four years, it is evident that this specimen must have grown 
to its present height in that time ; this seems to prove that 
the growth of coral has been much more rapid than scientific 
men have hitherto admitted. 

Pennsylvanian Rivers. — Philadelphia egy to ask 
Congress for an appropriation of 1,000,000 dols. to improve 
the navigation of the elaware and the Schuylkill rivers. 

Belyian Coal Exports.—The exports of coal from Bel- 
gium declined last year to 3,810,000 tons, as compared with 
4,063,000 tons in 1875, and 3,900,008 tons in 1874. 
Although 1876 was undoubtedly a dull year, it will be 
seen that the export coal trade of Belgium is still very con- 
siderable. 

American District Telegraph Company. —This company 
was organised in New York, in June, 1872, with a triple 
purpose, viz., to furnish protection against burglars, to give 
warnings of fire, and at a small expense to bring messengers 
for any occasion within ready cali. The company com- 
menced business in 1872 at a single office in Broadway with 
55 instruments in cireuit and three messengers. In May, 
1873, it had 1206 working instruments and 205 messengers ; 
and now in 1877, it employs more than 4000 instruments and 
about 500 boys. During the year ending October, 1876, 
1,150,000 messages were delivered ; the present daily aver- 
“ge is about 4000. The company has 25 district stations in 

ew York. 

The First Steamer on the Mississippi.—The first steamer 
placed on the Mississippi was called the New Orleans ; she 
was put on the route between Natchez and New Orleans, 
in December, 1811. The passage down occupied from two 
to three days; the passage up from seven to eight days. 
The New Orleans waited from four to five days at each end 
of her route, making about twelve trips per annum. 


New York City Railroads.—The number of passengers 
conveyed annually over the New York city railroads is esti- 
mated at 165,000,000: 

Pig Iron in the United States.—The production of pig 
iron in the United States in 1876 is estimated at 2,050,000 
tons. The corresponding production in 1875 was 2,166,581 
tons. 

New South Wales Railways.—Two fresh extensions of 
railways in New South Wales have been opened for traffic. 
One of these extensions from Bathurst to ) — eee adds 27 
miles to the Great Western Railway of New South Wales, 
the length of which is now 172 miles. Another extension to 
Benalong adds 14 miles to the Great Southern Railway of 
New South Wales, which now extends 208 miles in the 
direction of the Victoria border. The yy! extension 

s through some fertile country. The line is tolerably 
evel, those being few heavy cuttings, except at the main 
camp, 15 miles from Bathurst. There is a large culvert 
at ly Creek, six miles from the terminus; there are 
also several sharp curves. 

Port Adelaide.—Messrs. Simons, of Renfrew, are stated 
to be building a steam dredge for the use of the South 
Australian Company at Port Adelaide. The company is 

tly extending its wharf accommodation at Port Ade- 
fride, and as the trade of South Australia increases, the 
directors propose to form a new dock at the fort by bring- 
ing into profitable use a large amount of waste land be- 
longing to the company, and ge the river. The 
dredge will enable the company, with greater speed and at 
less cost, to deepen the stream in front of the new wharves, | 
so as to insure sufficient water for vessels of 2000 tons 
burden to float at all states of the tide. The berths at the 
existing wharves are also to be deepened. 


| side to Wortley, which was made in the time of the 


STANDARD SIGNAL LAMP; 




















PENNSYLVANIA RAILROAD. 


(For Description, see Page 144 ) 












































































































































WE annex an engraving of a neat little machine 
constructed by Messrs. Thomson, Sterne, and 
Co., Limited, of Glasgow, for sharpening taps. 
As will be seen from our illustration the machine 
consists of a bed having mounted on it two sliding 
heads, between which the tap to be sharpened is 
held. The sharpening of the tap is effected by a 
small consolidated emery wheel driven at a high 
speed by friction gear, as shown, the wheel being 
kept wet by a small stream of water, so that the 
temper of the tap is not drawn. Considering the 
waste of time involved in the use of drill taps and 
rimers, and the readiness and rapidity with which 
such tools can be sharpened by the machine illus- 
trated, the latter deserves to be extensively used. 








An Ancrent [Ron WorKs.—Amongst the old iron 
works to be met with in the Yorkshire district are 
those of Messrs. Thomas Andrews and Co., Wortley, 
near Sheffield. These works are supposed to have 
been established at the time of the Roman occupation, 
large quantities of scoria having been found in the 
adjacent woods. It is said that the road from Greno- 


first Lord Wharncliffe, owes its durability to the 
circumstance that its substratum consists chiefly of 
this half-fused iron ore. On the forge wall may still 
be seen a sculptured representation of a tilt hammer 





Pennsylvanian Coal.—The production of Schuylkill coal 
in 1850 was 1,782,936 tons, against 827,823 tons in the 
Wyoming region. In 1870, the Schuylkill region produced 
3,853,016 tons, or an increase of 116 per cent., while in 
the same year the production of the Wyoming region had 
grown to 7,825,128 tons, or an increase of of 833 per cent. 

Cost of American Coal Mining.—In 1873, the Philadel- 
— and Reading Coal and Iron Company expended 2.51 

ols. per ton in raising each ton of coal produced by it. 
In 1874, the corresponding cost was reduced to 2.44 dols. 
per ton ; in 1875, to 1.87 per ton; and in 1876, to 1.35 dols. 
per ton. 

Northern Pacific Railroad.—A committee of the United 
States House of Representatives appointed to consider the 

neral question of Pacific saints has to 

avourably upon a Senate Bill extending the time for com- 
= construction of the Northern Pacific Railroad 
or cin years. The company is, however, —— to re- 

- survey of the route through Idaho before July, 


report | rail 


with initials and the date 1713 beside it, that being 
jthe date at which the works were e and im- 
roved. y to the antiquity of the works, and 
Cearin date anterior to this, is the following inscrip- 
tion which is still legible on a gravestone in Wortley 
churchyard: ‘‘ Here lies the body of Francis Askew, of 
Upper Forge, hammerman; died October 24, 1669.” At 
| the beginning of the present century the works were owned 
Mr. James Cockshutt, at one time a r of Craw- 
8 = Cockshutt laid down one of the first grooved rolling 
} mills and puddled his iron into blooms, and was one of the 
| pioneers of improvement in the manufacture of iron. The 
ortley Iron Works were in extended in 1825, and in 
1855 and 1868 were further and, in fact, thoroughly 
remodelled by the present proprietors. Some of the first 
way axles used at the commencement of the railway 
system were made at the Wortley Works, and this class of 
manufacture has been continued ever since. The works 
are now laid out with all the most modern appliances for 
turning out railway axles and all the best classes of wrought 
scrap iron. 


toeti 











TAP GROOVE SHARPENING MACHINE. 


CONSTRUCTED BY MESSRS. THOMSON, STERNE, AND CO., ENGINEERS, GLASGOW. 
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RAILWAY MANAGEMENT IN New SoutH WAtss.—A Bill 
has been introduced into the New South Wales islature 
to provide for the better management of the railways of 
that colony. The Bill provides for the appointment of 
three commissioners @ governor in council, to whom 
it is proposed to confide the entire management of the rails 
opened or to be opened for traffic. They will have power to 
regulate the running of trains, the scale of charges, the con- 
duct of traffic, and everything else — to carry out the 
ny “ay for which railways exist, and to provide y 
‘or the safety and convenience of the public. In order that 
some check may be kept on the p ings of the com- 
missioners, it is intended that they shall present to Parlia- 
ment tabulated returns of an elaborate description every 
quarter, and also an annual report giving a account 
of the work performed. 
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DIRECT-ACTING STEAM PUMP. 
CONSTRUCTED BY MESSRS. JOSEPH EVANS AND SONS, ENGINEERS, WOLVERHAMPTON. 


































































































































































































yy} 

















1Ecen 





Ix the course of our account of the show of the Royal 
Agricultural Society held at Birmingham last summer, 
we noticed briefly some direct-acting steam pumps exhi- 


bited there by Messrs. Joseph Evans and Sons, of Wol- 
verhampton, some of these pumps being specially de- 
signed for pumping thick liquids, such as tar, &c. Of 
pumps we now give engravings, our 
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umping tar, ammoniacal liquor, and water respectively. 
The tar and liquor pumps ere fitted with speed indica- 
tors for registering the number of revolutions, and also 
with the reversing arrangement which forms one of the 
chief features of the design. 

Referring to our engravings it will be seen that the pump 
and steam cylinder are placed horizontally with the crank- 
shaft between them, the crank being driven by a block work- 
ing inacrossslide. The steam cylinder is fitted with an ordi- 


nary slide valve, while the pump—which is double-acting 
—instead of having ordinary valvesis provided witha piston 
valve of the same diameter as the pump piston. Bec- 
tion of the pump showing the arrangement of the piston 
valve and suction and delivery passages is given in 
Fig. 3, and from this it will be seen that the es are 
direct and of large area. The piston valve of the pump has 
neither lapnor lead, it being driven by an eccentric situated 
at right angles to the crank, and thus it acts equally well 
in whichever way the pump is run, the effect of reversing 
the direction of motion, however, being of course to re- 
verse the suction and delivery. This fact Messrs. Evans 
and Sons turn to account when dealing with tar or liquids 
which are apt to clog the passages. Thus the eccentric 
for driving the slide valve of the steam cylinder is not 
fixed to the crankshaft, but derives its motion from the 
latter through a stud entering a slot in a boss on the 
eccentric, as shown in Fig. 5. A handwheel fixed on 
the eccentric enables the latter to be turned round on the 
shaft into the position required for forward or backward 
gear, the stud driving the eccentric in either direction. 
In the event of the suction passages getting blocked, the 
pump is stopped, the eccentric reversed, and the pump 
run for a few revolutions in the reverse direction, the 
result being that what was formerly the suction pipe 
becomes the delivery, and any obstructive matters which 
may have accumulated in the former are driven out. 
This,having been effected the eccentric is shifted again 
into its proper position for going ahead and the pumping 
is resumed. 

Messrs. Evans and Sons have fitted up one of these 
reversing pumps for pumping alternately six different 
fluids, the clearing of each pipe in turn being effected by 
the reversal of the pump and the next fluid to be raised 
being instantly connected to the pump by a proper ar- 
rangement of pipes and cocks. frosty weather the 
pipes are also cleared 'by reversing the pump so as to 
prevent congelation in the pipes or passages. 

The pump we illustrate has an 8 in. water cylinder and 
12 in. stroke, and with water it has been run at a speed’ 
of 150 double strokes per minute, giving a piston speed 
of 800 ft. per minute. Owing tothe smooth action of the 
piston valve and the large area of the passages these 
pumps can be run at ahigh speed without inconvenience, 
and thus they are able to do a large amount of work for 
their size. 





FRICTION GEAR. 
To THE EpIToR oF ENGINEERING. 

S1r,—On page 124 of oe last week’s number you de- 
scribe an ment of friction gearing which you can- 
not think is novel yet do not recollect having seen. 

I have seen an arrangement similar to it ten ago 
in a pottery, where it was used for the purpose of throwing 
by steam power (an operation requiring a very variable 
speed, previously done by hand). The driving plate A is 
of cast iron, about 30 in. in diameter, and the driven pulley 
B about 7 in. The pulley B is made of brown paper 
in layers held together by bolts and a plate on each side. 





The spindle C is fitted with feather keys, the pulley B 
ing onde to slide up and down by a lever under the con- 
trol of the foot of the workman. e process of ng 
is as follows: A eo Aes clay is thrown upon the plate 

(say to form a wash-basin) and is worked up by the hands 


of the operator to the desired form, the being re- 
duced as the article increases in diameter, the final touches 
being given by thin steel templates. 
Yours A 
HI. 


G. F. 
50, Race-common Road, Barnsley, Feb. 20, 1877. 





THE NEW PATENT BILL 

To THe EpiTor oF ENGINEERING. ; 

S1r,—Your leading article in last week’s number on this 

—— meet the approval of all practical inventors 

manufacturers. I penpenely comer e two classes, for 

they mutually depend upon each other, and their interests 

are 3 sip om identical, whatever Mr. Samuelson may say 
to contrary. 

I have no intention of tonshing ox the legal aspects of 
the Bill. Patent Laws, as Mr. Bramwell once re- 
marked, have always been considered as the property of 

wyers and not of manufacturers, and one of 
results is the ¢ Bill. I should however as a 
tentee myself hil e to offer a few observations on this 
+ “atrocity.” First, who wants a new Bill at all? 
Certainly not manufacturers, certainly not patentees them- 
selves. All the public m held on 
the potent qnection, oO ete aka maliaien 
‘consider ’”’ Bi upon . as is w 
inst them was the all but unanimous result 
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It deat sie proposal to reduce the fees one-half 






















































148 





ENGINEERING. 


[Fus. 23, 1877, 





, and under the present law would robably 


seems 

double the number of applications at once, but as e one- 
half of the above applications are now according to the 
Attorney-General not novelties, looking upon it as a question 
of chance, I prefer paying the larger sum now required, 
with a reasonable chance of getting a patent, than to pay 
the reduced amount with the above odds that I don’t get a 
patent atall. If a man chooses to spend his spare money in 
indulging in excisable luxuries, which perhaps do not do 
him much good, but do not necessarily therefore injure the 
ope. does the Chancellor of the Exchequer object? No, 

e accepts the consequences in the shape of increased 
revenue ; then why interfere with the patentee, who, instead 
of havniga spécialité for sherry ; has instead a spécialité 
for ‘‘ patents ;’’ in this case also the revenue is materially 
assisted. 

Again, it is urged that for want of proper examination 
much injustice is done ; if this were so, the natural sequence 
would be much litigation, but with only nine cases carried 
to a ‘‘ primary”’ decision in the courts of law and equity in 
England in any one year, I think the most ardent advocate 
for examination must doubt its necessity. Again, if, as I 
maintain, neither manufacturers, patentees, nor the public 
want anything better than the Act of 1852, if it were only 
carried out, who wants a change? unless it be the lawyers ; 
it cannot be that any one looks forward to the loaves and 
fishes of office. The clause ‘‘ the Commissioners shall not 
be paid” settles that ; more uninteresting work cannot be 
imagined, and, after all, services for which _ pay nothing 
are generally of proportionate value, and this value if not 
paid for in money must be paid for in some other way, such 
as social status or honours; but I do not think that 
members of our profession of a class who would command 
confidence would care to accept an office which would add no 
additional lustre to their reputation, and where injustice 
would certainly be done, by reason of the impossibilty of 
their finding time to do the work propel. But apart from 
the fact that the Bill is neither wanted by manufacturers, 
patentees, nor the public, there is a wide-spread feeling that 
the effect of the Bill, if not the aim of it, will be to abolish 
patents altogether. That this is the wish of the Upper House 
is certain. Unfortunately it is a subject which, although 
of national importance, does not command popular interest, 
and the House of Commons only reflects the national in- 
difference on the matter. The result will be, that unless 
some united movement is made by patentees and others, 
and that soon, patentees will awake some morning to find 
the Bill passed through a House full of members far more 
anxious to settle whether it was a scarecrow or a Bulgarian 
which was ‘‘ patent’’ to Canon Liddon, than to listen to a 
purely technical debate on a subject the merits of which 
they have never studied, simply because the present Act 
has answered its purpose. 

I do not presume to occupy your valuable space on 
technicalties, but as one of a numerous class of patentees, 
viz., those who live by their inventions, I can only say that 
I have ever found manufacturers my best friends, and that 
they are so is due to the fact that the public reap a benefit 
by supporting enterprising manufacturers in turn. 

In conclusion I would refer your readers to the exhaustive 
paper by Mr. Bramwell on this subject before the Society 
of Arts as giving a correct impression of the practical 
working of the present law. I think the resolution I had 
the honour of moving at the meeting of the Institution of 
Mechanical Engineers in 1875 sums up the whole matter : 
that resolution was as follows ; 

‘* That inasmuch as the changes in the law proposed by 
the Bill now before Parliament differ smanterialty Som the 
recommendations of the Royal Commission of 1865, and of 
the Select Committee of 1872, it is expedient that no 
legislation on the basis of the Bill now before the Parlia- 
ment should take place without special reference to a 
Select Committee.’’ d what I said then of the Bill of 
1875 I say now of that of 1877. 

Your obedient servant, 
LPH H. TWEDDELL. 

14, Delahay-street, Westminster. 


MACHINE TOOLS AT THE PHILADELPHIA 
EXHIBITION, 
To THE Epiror oF ENGINEERING. 

Srr,—Your article on the exhibit of wood-working ma- 
chinery at Philadelphia, which ap in your last num- 
ber, contains a sketch and description of a variable frictional 
feed for band and other sawing machines, which the writer 
seems to claim as a novelty emanating from the firm of 
Messrs. Richards, London, and Kelley. A device of this 
nature has been frequently employed by English makers of 
weod tools, and the precise arrangement alluded to—viz., 
that in which the driven disc is the movable one—I saw in 
use ina sawmill at Norwich fully ten years ago, andI have 
no doubt it is still at work. 

Your readers will find an excellent illustration of the 
same gear, as applied to a band saw with 66-in. pulleys for 
cutting heavy timber, by Messrs. A. Ransome and Co., of 
Chelsea, in your number for December 31si, 1875. 

Yours obedienily, 
Grorer BakEr. 

66, Sydney-street, Brompton, Feb. 21, 1877. 


THE ORIGIN OF MOTION, 
To tHe Eprror oF ENGINEERING. 

Str,—In a recent number of your valuable paper (Feb- 
9th) a Mr. Sheward has taken the trouble “‘ to furnish 

us with the dangers we are ex to, if accepting the un- 
tenable position your contributor accepts relative to the 
absolute zero of temperature.” Allow me to express my 
gratitude to Mr. Sheward not only for his pointing out to 
us so imminent a danger, but also for having furnished us 
with so much really ‘“‘ original’ information. Does Mr. 
Sheward really think he has advanced something against 











by his statements? I fail to see any logical connexion be- 
tween Mr. Sheward’s examples and the above theoretical 


facts. 

A man drinking a pound of “ice-cold water’’ would be 
able to raise two 8l-ton guns “‘if he could apply the 
energy” contained inthe water. Hicheret aqua. Surely, 
if we could apply all the energy surrounding us, we were 
able to execute marvellous things. Perhaps Mr. Sheward 
remembers from his school days the saying of Archimedes, 
‘**Give me a fixed point and I shall move the earth out of 
its position,’ but this point lacking the earth remains un- 
disturbed in its orbit. 7 

Quite a surprising fact Mr. Sheward has revealed in his 
example respecting Arctic Le pay What he means to 
say by stating that they should not have felt cold, seeing 
that they were surrounded by 338 deg. of absolute heat, is 
to mea mystery. If Mr. Sheward had calculated in the 
same manner the heat in the human body, he would have 
seen that the difference between the temperature of the 
body and that of the surrounding air is the same, whether 
the temperatures be counted from the ‘‘ absolute zero’’ or 
otherwise, and this difference it is that makes us feel cold 
or warm. If all heat could be taken out of the human 
body, then the above absolate heat of 338 deg. would be 
heat to our nerves. Perhaps a very commonplace example 
will make matters clearer to Mr. Sheward. It is well 
known that the atmospheric pressure upon the surface of 
the human body amounts to something like 17 or 18 tons 
(I do not remember the exact quantity just now), a pressure 
quite sufficient to crush ‘‘ the human form divine’’ to atoms. 
What would Mr. Sheward say if somebody would advance 
this fact as a proof against the existence of atmospheric 
pressure? But in fact it is quite the same with his example 
of the Arctic temperature. 

Passing the paragraph about ‘‘ potential en 
to the point where M 
chemical properties of the ether.’’ That is quite the same 
as if he required to ‘“‘touch light.” Mr. Sheward says, 
**we know there is hydrogen,’’ but how do we know this? 
Only by the effects of it. Certain effects always recur under 
certain circumstances, and we call the material substrate 
of these effects, hydrogen, oxygen, &c. The real matter 
is always concealed from our Wrect conception ; the ether 
is another instance of that, the only difference being that 
it requires somewhat more reasoning to form a conception 
of the ether from the evidence of our senses than it is the 
case with hydrogen. Let Mr. Sheward inquire a little 
into the origin of all human knowledge, before he ventures 
to express such vague doubts. Perhaps he would not object 
to Hume? 

The most unfortunate of Mr. Sheward’s examples is that 
—— to the moon. Says Mr. Sheward : ‘‘ Our satellite, 
set free from the power of the sun’s gravity, would obey 
only its tangential force ; this we know does not happen.” 
Really not. But is Mr. Sheward aware of the fact (not 
dispu by the theory of ether) that the chief force 
regulating the moon’s motion is the attraction of the earth? 
Thus even if the earth did prove an obstacle to the sun’s 
gravity, our satellite would not ‘‘ “7 its tangential force,”’ 
indeed far from it. Perhaps Mr. Sheward on future occa- 
sions will take the trouble to peruse some popular text-book 
of science before he brings forward another statement of 
equal absurdity. 

The remainder of Mr. Sheward’s letter gives further 
evidence of the remarkable notions of the author. ‘‘ Does 
the great heat not affect the medium ?”’ asks Mr. Sheward, 
innocently. That resembles the question, ‘‘ How much 
the volume of an atom of hydrogen is increased by raising 
its temperature from zero to 100 deg. ?”’ or ‘‘ whether the 
yellow colour is y yellow, even in the darkness ?”’ 

‘* Pray let your contributor, in his zeal for scientific pro- 
gress, be careful how he uses the mighty power of the press, 
or Day may be seriously retarded.’ 

i , allow me to state that Iam no blind believer 
in the theory of ether as it is now; certainly it requires 
yet to be developed in its details, but I am convinced that 
it is a step in the right direction, and that in one form or 
another it will become the foundation of a future system 
of science, which will embrace all now scattered branches 
of natural ay By discussion science is advanced ; 
but only when discussion is conducted on scientific prin- 
ciples real good may ensue ; by bringing forward such absurd 
statements as Mr. Sheward has presented us with, no ad- 
vancement can be expected. 

Apologising for having so much trespassed upon your 
valuable space, 
I am, Sir, yours most obediently, 

L. Hasnis. 


»’’ I come 


Prague, February 13, 1877. 


“THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.” 
To THE EpITor or ENGINEERING. 

I HAVE read Mr. Messenger’s letter, and am pleased to 
learn that he is gradually becoming conversant on the sub- 

ject of single-acting engines. 

He first confesses his blunder relative to the construction 
of the Clough motor, and it is tifying to find your 
correspondent so remarkably candid. I may, however, 
again correct him by observing that I never hinted that it 
was possible to work this cess of engine with variable 
points of cut-off, my remarks on such results being solely 
applicable to the Brotherhood or‘‘ Octagon’’ principle. 

t is impossible to understand why the designs of Messrs. 
Clough and Willans shouldbe in any way distorted by having 
a connecting rod four or five times the length of the stroke, 
indeed, such engines when so will be far more 
compact than the ordinary type. I again affirm that ander 
these conditions, the thrust on the sides of the cylinders will 
be infinitesimal, and consequently phantom leakages of 





I now approach the all-important link motion 





the theory of ether or even against the ‘‘ absolute zero” 





This mechanism Mr. Messenger seems to ‘‘ swear 


pistons may be al er di ed. : 
at 
, 


r. Sheward wants to know “the | M 


any rate he holds it up as something superior, and i 
evidently delighted with its sethenmenes.” tn the first 


place the a valve as by Brotherhood, 
ves off better results than is attainable from the action of 
he link, inasmuch that the latter assumes a “ wiredraw- 


ing”’ influence when working in high grades of expansion, 
consequent upon a ual closing of the ports, whereas 
in the former the velocity of the periphery of the valve 
remains constant, no matter how the reversing lever may be 
set, and which has most assuredly a greater than three 
solitary notches as Mr. Me: r erroneously ines. 

heartily concur with Mr. West concerning the merits of 
the link motion, marine engine builders especially being 
well aware of its peculiarities, which they invariably avoid 
by employing supplementary eccentrics or other equivalent 
means 


eans.- 

Our river friend asserts that the lead of rotating valves 
varies in exact proportion to the period of cut-off. If this 
were so we should have most wonderful indicator diagrams, 
and I question whether any engine would ever have seen 
daylight if subject to such miserable conditions of steam dis- 
tribution. 

In conclusion I would suggest, with all due respect to Mr. 
Messenger, that Mr. Brotherhood supplies him with a 
full-size tracing, showing complete sections of the valve 
gear, or it might be preferable to furnish him with a wooden 
model. If this can be a he will then discover that 
the lap of the valve is not permanent, but may be altered at 
pleasure, and the degree of expansion varied as with ordi- 
nary engines. 

W. WaALxkzs. 


Maskill-street, Bury, February 20, 1877. 


To THE EDITOR OF ENGINEERING. 
S1r,—I beg for short space to reply to such parts of Mr. 
essenger’s communication in your last issue as refer to 
my previous letter. On January 30th, Mr. Messenger’s 
le (published in your issue of February 2nd) contained 
the following words : ‘‘I do not see how any of them can be 
made to fulfil the duty in an efficient manner of the ordinary 
slide valve in other engines worked by the link motion, 
that is, to properly distribute the steam in any other grade 
of expansion than that at which they may be set to work.” 

I still hold my opinion that the above words express that 
the link movement does gd distribute the steam, and 
hence my assertion that Mr. Messenger believed in its per- 
fect efficiency. If Mr. Messenger withdraws his state- 
ment, as quoted above, I am satisfied, but the error is in 
his phraseology, not in my interpretation. 

I will only further trespass on your valuable space to 
say that I see no danger in Mr. Willans’ engine to make 
me ‘‘ repent my _rashness”’ in offering to run my own 
alongside of it. Does Mr. Messenger think that the evolu- 
tion of a compound engine from a simple engine, and that, 
too, done while the engine is running, is attended with 
such risk as to make it unsafe for me to be present at so in- 
teresting an experiment ? 

However, as he concludes by saying that the trial 
“ would be sure to be conducted so as to satisfy every one 
concerned,” I will end by saying that I am ps | to hear it, 
and shall do my best to further its success. 

I am, Sir, your obedient servant, 
; D. K. West. 

Crown-place, Kentish Town Road, N.W. 


To THe EpITor oF ENGINEERING. 
Srr,—In reference to the recent letters which have ap- 
in your columns, from Messrs. Messenger, Wi » 
and West, which I have read with pn we interest, I quite 
— with these gentlemen as to the desirability of bringing 
about a competitive trial between the various engines of 
the type under discussion. 

With reference to Mr. Messenger’s letter of the 30th Ja- 
nuary, I should like to ask. that gentleman t= your 
medium, if by the ‘‘ more efficient and economical small 
high-speed engine’’ he refers to, he means one constructed 
in accordance with ‘‘ Messenger and Churchward’s patent,”’ 
specification No. 211, 19th January, 1876 ; and if it is his 
intention to enter one of these engines for competition, as 
upon examining the specification I find that as far as the 
arrangement is concerned, it has such a close resemblance 
to Mr. West’s, that a competitive trial between these two 
engines with a view to ascertain the relative useful effect 
developed by each would be especially interesting? It is to 
be hoped that other makers will also come forward and en- 
—- the movement now set on foot, and that thus some 
reliable data may be obtained to guide purchasers in the 
selection of the most suitable and economical engine. 

T am, Sir, your obedient servant, 


A. Pope. 
February 21, 1877. 











AMERICAN PaTENTs.—The receipts of the United States 
Patent Office in 1876 amounted to 757,987 dols., while the 
expenditure was 612,552 dols. In 1875, the receipts were 
743,453 dols., while the expenditure was 721,658 dols. 


+ increase of 


KryHam Yarp.—In consequence of the 
eyham Yard of 


work thrown on the factory department at 
late years by the introduction of iron y+ it has been found 
aheclately necessary either to increase the establishment at 
Keyham factory, or to transfer some of the work hitherto 
done by the factory to the chief constructor’s department. 
The Admiralty has decided to adopt the latter course, an 

to transfer such work as the fitting of iron water-tight bulk- 
heads, Downton pumps and sluice valves, the ng of 


Muntz metal bolts for composite gunboats, and the ng 
iring of coal tanners, ‘Go the department of the 








and repairing 

chief constructor ; for this purpose the millwrights’ shop 
at Devonport with a staff of workmen, 
is to be transferred to the of the chief constructor. 


The change is to be brought into operation forthwith. 
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THE PENNSYLVANIA RAILROAD: DETAILS OF 
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NOTICES OF MEETINGS. 

THE INSTITUTION oF CIVIL ENGINEERS.—Tuesday, February 
27th, at 8 p.m. Discussion on ‘‘ The Sewage Question.” 

Civil AND MBCHANICAL ENGINEERS’ SOCIETY. — Thursday, 
= wi paper by H. Adams on “ Joints in Woodwork,” illus- 

ra 8. 

INSTITUTION OF SURVEYORs.—Monday evening. February 26th, 
when a paper will be read by Mr. J. Lucas, F.G.S., entitled 
“Hyd ecology ; one of the Developments of Modern Practical 
Geology.” The chair to be taken at eight o'clock. 
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REPORT OF THE ROYAL COMMISSION 
' ON RAILWAY ACCIDENTS. 
_ IN our last impression we dealt with the first por- 
tion of the above report, and we now resume the 
subject at the point at which we were obliged to 
discontinue it, viz., the recommendation of the 
Commission with regard to the insufficiency of ac- 
commodation for traffic at joint stations and over 
sections of line traversed by different companies. 
The last recommendation which we noticed was 
that in every case where Parliament sanctions the 
intrusion of one company upon the line of another, 
the responsibility of maintaining the railwa: pre- 
mises, and of making future extensions, if such 
should become necessary, ought to be definitely 
fixed ; and power given by the Act to any company 
under such responsibility to compel any other com- 
pany using its line to contribute to the expense of 
the necessary works, or to submit to arbitration in 
the matter. 
But, it is remarked, these provisions will have no 
caring upon cases already in existence, The con. 
dition of the Huddersfield station as disclosed in the 
report made by Colonel Yolland to the Board of 
‘Trade in 1870, is cited as an instance in point. It 
18 considered that immediate legislative interference 
is desirable, and it is recommended that powers 
shall be conferred on the Board of Trade to enable 
that department to enforce the execution of neces- 
oy works wherever the deficiency of station and 
€ accommodation is such as to endanger public 
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safety. ‘‘The continuance of the state of things 
supposed is a direct violation of the obligations con- 
tracted by the companies in —— parliamen 

sanction for their undertakings, and therefore a fit 
case for parliamentary interference.” And here the 
Commission is decidedly of opinion that the rail- 
way companies affected under these powers should 
have a right of appeal. The question whether such 
—— should be to the Railway Commission, to 
that tribunal reconstituted, or to a special tribunal 
to be established for the purpose, ‘ possessing ade- 
quate scientific, technical, and practical know- 
ledge,” had best be left, it is thought, to the deci- 
sion of those who will have to give effect to the 
recommendation. It is very properly remarked 
that it is essential to the success of the proposal 
that the tribunal, whatever its form, should be such 
as to command the confidence of both the public and 
the railway companies. Having regard to the fact 
that these powers, if conceded, must produce, in 
many instances, considerable extension of works and 
properties, it is proposed that the Board of Trade 
shall be empowered, where the value and interests 
involved are inconsiderable, to authorise the ui- 


dia | sition of additional lands, as can be done at present 


under the eighth section of the Railway Clauses 
Act, 1863. And that ‘‘ where the value exceeds a 
maximum beyond which Parliament may deem it 
unwise to entrust absolute authority to an executive 
department,” it is considered that the Board of 
Trade should be empowered, on the application of 
the company, to grant a certificate for the acquisi- 
tion of the land in the manner provided by the 
Railways Construction Facilities Act, 1864, and that 
where the owners of the land are opposed to its dis- 
posal, the case should be dealt with in the manner 
rovided by the Railways (Powers and Construc- 
tion) Act, 1870. The fact that an application to 
Parliament will still be necessary in many cases to 
enable the companies to acquire additional lands, so 
far from being an objection to this pao will, it 
is thought, tend to remove one of the difficulties 
felt in recommending it; namely, the danger lest 
the companies, when thus acting under compulsion, 
should carry out needed improvements with funds 
withdrawn from other necessary purposes. 
In considering the question of inter 
in trains, Captain Tyler’s report for 1871 is taken as 
showing what had been done up to that date. It is 
regretted that the evidence brought before the Com- 
mission is such as to indicate that the only advance 
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¥: | made in the last five years has been to disparage the 


systems of communication formerly approved, 
without affording any satisfactory substitute. The 
consequence is that the Board of Trade is now un- 
able to sanction any of the systems which have been 
submitted to it by the companies. The importance 
of establishing a ‘‘ proper communication between 
passengers and guards, and between guards and 
drivers” is recognised ; and it is recommended that 
the provisions of the Act shall be continued, but 
with amendments in two respects. First, that the 
20 miles’ limit shall be reduced to eight miles, ‘the 
exception being extended to include also all 
trains which stop at every station; and, secondly, 
that the proviso requiring that the Board of Trade 
must sanction the means of communication to be 
adopted by the companies shall be rescinded, as it is 
disapproved by the Commissioners.” 

The result arrived atin this case is not one likely 
to give satisfaction, we fear, either to the public or 
to the railway companies. We know quite well 
that the ‘‘ cord” communication, which was pro- 
visionally sanctioned by the Board of Trade, has 
proved a failure. But we have been given to under- 
stand that the electrical communication in use on 
the South-Eastern Railway has fbeen, on the con- 
trary, successful. A very portion of the 
report is devoted to the consideration of this 
question, although the fact that it awaited the con- 
sideration of the Commission, must have been 
evident to each member of it. We are not prepared 
to confirm the view taken by it of the worthlessness 
of this means of communication, but on the — 
we look to it for a solution of those difficulties whic 
have beset other appliances. But if it is a fact that 
the Board of Trade views this question in the light 
represented in the report, how comes it that the 
London, Brighton, and South Coast Railway is 
permitted to make use of it, for we assume, 
course, that the Board of Trade is aware that com- 
pany has already fitted up the majority of their 
express and fast trains with the electrical communi- 
cation ? 

The first of the two exceptions taken by the Com- 


tary | see no advan 


of | have been favoured by the leadin 





mission is one very naturally looked for, at least so 
far as the abolishment of the 20 miles’ limit, for we 
whatever in its reduction to an eight- 
mile limit, or its application to every train which 
does not stop at every station on its journey. Such 
an arrangement would be of little service to railway 
—— and none at all to the public. There are 
but few trains except those on some of the metro- 
politan branches which it would affect. The cost 
of fitting the carriages for working these trains 
would, in comparison to that for fitting the rest of 
the stock, be scarcely felt; whilst it would intro- 
duce an exception which would be excessively in- 
convenient in making a and on occasions of 

ressure. The 20-mile limit should in our opinion 

e abolished, and the application of whatever system 
may be adopted thus left applicable to every train 
and to every coach. It should be borne in mind 
that occasions may, and no doubt will, arise in which 
there will be an absolute necessity to stop a train 
even in midsection between signal box and signal 
box. Such a case would be the breaking of an axle 
or the tyre of a wheel. In either case this might 
occur sufficiently distant from the driver to prevent 
his obtaining, personally, timely notice of it, but 
passengers in the carriage to which it did occur 
would not be long in finding it out, and a ready use 
of a reliable communication would be of the utmost 
value. Having in view such a case we cannot but 
dissent from the opinion shadowed forth in the re 
ceding extract, indicating that the driver should be 
dependent for his communication upon the guard 
only, that is, that the communication from the 
passenger should be limited to the guard, In such 
a case every second is material, and there should be 
no retransmission of the signal. The communica- 
tion should be with the guard and driver both, then 
both will hear the alarm and both can attend to it. 
The days of the old mechanical hand brake are 
numbered. The probability is that the brakes of 
the future will be under the direct control of the 
engine driver, and to him should be made the signal 
which calls for the stoppage of the train. 

We now come to the question of brake power, with 
regard to which the report says, ‘‘Our own in- 
quiries confirmed the impressions which the inspect- 
ing officer’s investigations of accidents led us to 
form, that not only was there generally an insuf- 
ficiency of controlling power in trains, but also that 
the distance within which a train running at high 
speed could be stopped by the brake power ordi- 
narily in use was not ascertained with any approach 
to accuracy, -We therefore applied to the railway 
companies to institute a definite series of experi- 
ments, to test the amount of control given by the 
brake power ordinarily applied to their trains, and 
the effect of various systems of improved or con- 
tinuous brakes, Several of the leading companies 
willingly responded to our suggestions, and the ex- 
periments were carried out with great care and at 
considerable cost, on a selected portion of the Mid- 
land Railway, near Newark, under the supervision 
of Mr. Edward Woods, M.I.C.E., and Colonel 
Inglis, R.E., assisted by a detachment of Royal 
Engineers, under Lieutenants Scott and Sankey. 
From these experiments it appears that the amount 
of hand brake power ly supplied with the 
trains of the respective er failed to bring 
up the London and North-Western train within 
2374 ft. ; that of the Caledonian Company within 
3190 ft.; that of the Midland within 3250 ft.; that 
of the Great Northern within 3576 ft.; and that of 
the Brighton within 3690 ft., the speed of the trains 
varying from 45.5 to 48.5 miles per hour. These 
trains were in the most complete order, and the 
guards and driver had notice of the exact spot at 
which the signal to stop would be given. A large 
addition must therefore be made to these distances 
in practice, and unless much greater control is ob- 
tained over trains by additional brake power, it is 
clear that to insure safety the distant si must 
be, for a level line, carried back to the distance of 
amile. But from the valuable report prepared b; 
Mr. Woods and Colonel Inglis,” .... “it ise 
dent that there are ample means of controlling 
trains within much less distance by some of the 
various systems alreddy in use; and we are con- 
firmed in this opinion by a consideration of various 
‘communications, plans, and models with which we 

manufacturers 
and patentees of continuous brakes.” 

The Commission, however, abstains from recom- 
mending any one brake in particular, for the reason 
that some are probably better adapted than others to 
the special circumstances and requirements of par- 
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ticular railways. Captain Tyler’s remarks on the 
subject in his general report for 1874, also provide 
a further reason for this course, In these remarks, 
which are reproduced in full in the report, Captain 
Tyler indicates the principles which should govern 
such a brake—viz., cheapness in construction, sim- 
licity in action, ease of adjustment, freedom from 
fre uent repair, non-liability to get out of order, 
saglicstion at the will of the driver, and availabilit 

in each in the event of a train becoming sud- 
denly divided, ‘‘ with those numerous other pro- 
perties that a good brake ought to possess,” The 
report proceeds, ‘‘ We therefore confine ourselves 
to expressing our decided opinion that no train can 
be considered properly equipped which is not fur- 
nished with sufficient brake power to bring it, at the 
highest speed at which it will be running upon any 
gradients within its journey, to an absolute stop 
within 500 yards. e have satisfied ourselves that 
either by an adequate proportion of hand brakes, or 
by the application of some one of the sytems of 
emacstel or continuous brakes, there are ample 
means of accomplishing this object with certainty 
and safety; and we recommend that this be made 
obligatory by statute, and that sufficient powers be 
conferred on the Board of Trade to enforce com. 
pliance with it.” Great importance is attached to 
‘what has been urged by many of the witnesses” 
examined, “ especially the engine-drivers,” that a 
large proportion of the brake power should be 
under the control of the driver, ‘* who is generally 
the first to become aware of apprehended danger.” 
‘¢ No matter how small the interval of time required 
for the driver to attract the attention of the guard, 
it may be of vital moment in the case of a train 
travelling even at the moderate speed of thirty miles 
an hour, as every second which elapses brings it 
44 ft.nearer to the point of danger.” Brakes upon 
engines are recommended, In conclusion, it is con- 
sidered that the counter-balancing advantages of 
increased brake power are so great that no conside- 
rations of laxity in duty arising from an increased 
sense of security, or of risk or injury to passengers 
from a sudden application of powerful brakes, 
ought to avail to depreciate the importance of the 
recommendations of the Commissioners in this 
matter. 

The conclusions arrived at by the Commission 
in respect of brake power, have been, we have no 
doubt, pretty fully anticipated. We have ourselves 
dealt thoroughly with the question from time to 
time, and our readers are thus in possession of even 
later information on this subject than that con- 
tained in the report with which we are now deal- 
ing. The official brake trials at Newark and their 
results were fully described by us at the time the 
experiments were made, and the conclusions we then 
drew from these trials have been corroborated by 
later experiences. It is, however, satisfactory to 
find that the views of the Commission as a body 
are mainly in accord with those to which we have 
so frequently given expression. In fixing the limit 
within which a train shall be brought to a stand, 
at 500 yards uxder all circumstances, they have 
adopted a well-defined standard of efficiency capable 
of ready application, and it is to be — that their 
recommendations may speedily have effect. 

In dealing with defects im rolling stock, permanent 
way, and works, it is noticed that those accidents 
caused by defects in rolling stock are usually ex- 
ceptionally serious in their consequences. It is not 
anticipated that immunity from danger from the 
failure of axles or tyres will ever be attained, 
but, although no positive recommendation on 
the int is made, it is considered that the 
wheels of all rolling stock for passenger trains 
should be so constructed that the tyre would not 
fly off in the event of fracture. The question is 
commended to the railway companies ‘in the hope 
that they will ere long adopt some continuous 
fastening of the tyres upon their wheels.” 

The mede of praise vouchsafed to ‘“‘many of the 
companies” for the much attention paid by them 
to the construction and maintenance of their per- 
manent way has unfortunately to be qualified in 
the usual manner, for it is observed “that excep- 
tional cases have occurred in which companies have 
proved themselves si ly remiss in keeping the 
permanent way of their lines in proper order.” 
** Moreover, we find from the most recent, as it is 
also the most glaring, case which has been brought 
to our notice, namely, that of the Bristol and Exeter 
section of the Great Western Railway Company, 
that a line may continue to be in a thoroughly 
dangerous condition without attracting the atten- 





tion either of the board of directors responsible for 
its maintenance, or of the Government inspecting 
officers, until the occurrence of some catastrophe, 
such as the Long Ashton accident of last July.” 
“The temptation to a misplaced economy is so 
strong, the danger of neglect is so great, and it is 
80 diffealt for the general public, and yet so easy 
for the railway company itself, to discover the real 
state of the line,” that it is thought stringent 
measures should be adopted to enforce the duties 
of companies in this respect. Accordingly it is re- 
commended that on complaint being made to the 
Board of Trade that a line is out of repair, the 
Board may—do what it has already done—direct an 
inspection of the line, and, if necessary, prohibit 
trains from travelling at a rate of speed beyond that 
to be specified by the order of the Board. 

Under the head of Appellate Tribunal the Com- 
mission considers the subjects which would come 
under its decision. These are, orders for the execu- 
tion of works to increase the accommodation for 
traffic ; compulsory adoption of the block system ; 
the interlocking of ~_ and signals, and the re- 
striction upon speed when lines are out of repair. 
And in all cases where new works or appliances are 
required, not merely as to the requirements them- 
selves, but also as regards the terms imposed. 

In dealing with the question of level crossings, the 
practice of carrying one line of railway across an- 
other upon the same level is deprecated ; and it is 
regarded as a source of danger which ought not in 
future to be sanctioned by the Legislature. It is 
further recommended that all junctions shall be 
worked upon the block system, ‘“‘and the point 
of contact made a block station for both” (see 
Junction Working, vol. xxii., p. 519, in which we fully 
explained the advantage of this method) and that 
this should be accompanied by arrangements for in- 
terlocking the signals at the crossing, and blocking 
back both lines for an adequate distance. And it 
is recommended that the Board of Trade should 
require this to be done under the powers to be 
vested in that department under the introduction of 
the block and interlocking systems. 

Of the other points, dwelt upon in the Commis- 
sioners report, we shall have to defer consideration 
until next week. 





THE PATENT BILL AND PRELIMINARY 
EXAMINATION. 

ALTHOUGH our views on the subject of preliminary 
examination of applications for Letters Patent are 
well known, we think it advisable, at this critical 
time, to recall them distinctly to the recollection of 
our readers. We say, then, that any preliminary ex- 
amination of applications for Letters Patent that may 
be instituted should not extend beyond the questions 
whether the specifications are clear, and whether 
the invention is open to objection, either as being 
contrary to public morals, or wanting in novelty, 
— ing to prior publications in the Patent 
Office; that an adverse report (except on the 

und of fraud by the applicant, or of the invention 
eing contrary to public morals) should not dis- 
entitle an applicant to a patent; and that, inasmuch 
as the publication of an adverse report would, in 
nine cases out of ten, render a patent, though granted, 
commercially valueless, no reports of examiners or 
other officials should be open to the public, but in 
lieu thereof the applicant should be required to insert 
in his specification an acknowledgment of the ex- 
istence of the prior matter found and pointed out by 
the Patent Office officials, with a clear statement of 
what he nevertheless claims. Let it be remembered 
that these are not mere theories hastily put forward. 
They are proposals the result of very mature con- 
sideration, and have been discussed and approved 
by a very large number of thoroughly competent 
persons, on various occasions, They were unani- 
mously —— at a special meeting of the Insti- 
tution of Mechanical Engineers in 1875, and again at 
a special meeting of the same institution, held last 
ear, to consider the Lord Chancellor's Patent Bill. 
imilarly they have been considered and approved 
twice by the London Association of Foremen Engi- 
neers and Draughtsmen, by the Manchester Associa- 
tion of Employers, Foremen, and Draughtsmen En- 
gineers, and by the influential Patent Law Committee 
of the Association for the Reform and Codifica- 
tion of thé Law of Nations, to say nothing of the 
numerous petitions in which they have been recom- 
mended. 

Therefore we commend these suggestions to the 

attentive consideration of members of Parliament 


who are wishful that the country should have a 
really good Patent Law, and not one which will, 
like the present law of Prussia (about to be entirely 
altered and improved), drive inventors away in 
disgust, by rendering possible the refusal of patents 
for really valuable inventions like the Bessemer 
process, the Siemens regenerative furnace, and 
many others we could mention. 

The proposed plan would constitute a com- 
romise which we feel assured would prove satis- 
actory to all parties. It would provide examina. 
tion which so many wish for, and it could not en- 

danger the interests of inventors in the manner of 
which so many are in dread when preliminary ex. 
amination is talked of. It would be of great 
service alike to inventors and the public. And in 
order that any one may see at a glance how simply 
and readily it may be embodied in the Bill now 
before Parliament, we will now give that portion of 
the Biil relating to applications, their examination 
and the sealing of patents, side by side with the 





same portions of the Bill with our suggested altera- 
tions, premising that the latter are in italics. 


BILL AS AT PRESENT. 
Application: Proceedings 
thereon : 


7. An application shall be 
made by the applicant filing at 
the Patent Office an application 
and declaration, and a specifi- 
cation describing the nature of 
the invention (in this Act re- 
ferred to as the provisional 
specification). 

Notice of the application (but 
not the provisional specification 
itself) shall be published by the 
Commissioners. 

8. The use and publication of 
the invention, after the applica- 
tion and within a period of 
twelve months from the date of 
the application, shall not pre- 
judice the grant of a patent for 


the invention (which protection . 


from the consequences of use 
and publication is in this Act 
referred to as provisional pro- 
tection). 

9. On the filing of the applica- 
tion the Commissioners shall 
refer the case to an examiner. 

The examiner shall report to 
the Commissioners his opinion: 

(1). Whether the invention is 
@ proper subject for a 
patent within the Statute 
of Monopolies (a) : 

(2). Whether the title of the 
invention and the pro- 
visional specification are 
properly framed and 
sufficient. 

The report of the examiner 
shall be open to the applicant, 
but shall not be made public by 
the Commissioners. 

10. Not less than three months 
before the end of the period of 
provisional protection, the ap- 
plicant may file at the Patent 
Office a further specification, 
particularly describing and as- 
certaining the nature of the in- 
vention and in what manner the 
same is to be performed (in this 
Act referred to as the complete 
specification). 

Tt he fails to do so, he shall be 
deemed to have abandoned the 
application, and it shall not be 


further proceeded on; and the f 


provisional protection shall 
thereupon cease, 

11, On the filing of the com- 
pete specification the Com- 
missioners shall make public 
the application, and the docu- 


BILL AS PROPOSED TO BE 
ALTERED. 
Application: Proceedings 
thereon 


7. An application shall be 
made by the applicant filing at 
the Patent Office an application 
and declaration, and a specifica- 
tion describing the nature of 
the invention (in this Act re- 
ferred to as the provisional 
specification). 

Notice of the application (but 
not the ee Pee specification 
itself) shall be published by the 
Commissioners. 

8. The use and publication of 
the invention, after the applica- 
tion and within a period of 
twelve months from the date of 
the application, shall not preju- 
dice the grant of a patent for the 
invention (which protection from 
the consequences of use and 
publication is in this Act referred 
to as provisional protection). 


9. On the filing of the appli- 
cation the Commissioners shall 
refer the case to an examiner. 

The examiner shall report 
to the Commissioners his 
opinion whether the title of 
the invention and the pro- 
visional specification are pro- 
perly framed and sufficient. 

The report of the examiner 
shall be open to the applicant, 
but shall not be made public 
by the Commissioners. 


10. Not less than three months 
before the end of the period of 
provisional protection, the ap- 

licant may file at the Patent 

fice a further specification, 
particularly describing and 
asce the nature of the 
invention and in what manner 
the same is to be performed (in 
= Act referred to as the com- 
plete specification). 

If he fails to do so, he shall be 
deemed to have abandoned the 
application, and it shall not be 
urther proceeded on; and the 
provisional protection shall 
thereupon cease. 

lL. On the filing of the com- 
plete specification the Com- 
missioners — ne te 
applicati a provis 
pa tee tion but not the other 





ments relating thereto, including 
the provisional specification, the 
report of the examiner thereon, 
and the complete specification. 

12, On the = of the 
om specification the Com- 

oners shall again refer the 
case to an examiner, 

The examiner shall report to 
the Commissioners his opinion, 
whether the complete specifica- 
tion is in conformity with the 
provisional specification, and is 
properly framed and sufficient. 

If, on the examiner consider- 
ing the case for the purpose of 
80 reporting thereon, it appears 
to him, having — to former 
specifications and other docu- 
ments in the Patent Office, and 
to publications known to him, 
that the invention is open to ob- 
jection on the ground of want of 
novelty, he shall report to the 
Commissioners accordingly. 


documents relating to the appli- 
cation. 


12, On the pubiestion of ~ 
rovisional specification 
mmissioners shall again refer 
the case to an examiner. 

The examiner shall report to 
the Commissioners y —— 
whether the complete spec’ 
tion is in conformity with the 
provisional specification, and is 
properly framed and clear (0). 

If, on the examiner consider- 
ing the case for the purpose of 
so reporting thereon, it appears 
to him, that the invention is 
contrary to public morals, or 
that having regard to former 
8 cations and other docu- 
ments in the Patent Office, and 
to publications known to him, 
the invention is open to ob- 
jection on the ground of want of 
novelty, he shall report to the 
Commissioners accordingly. 





(a.) This involves all the 
issues, novelty, utility, &c., and 
cannot be properly gone into 
before the grant. 


(b.) It is impossible to judge 
hath the let 


is sufficient, because nO ¢x- 
wetiner ean know whether or not 
it discloses all the inventor uses. 
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The Commissioners shall then 
make public the report of the 
examiner. 


13. After that report of the ex- 
aminer the Commissioners shall 
refer the case to the law officer. 


The law officer shall, if re- 
quired, hear the applicant and 
any person entitled, in the 
opinion of the law officer, to be 
heard in opposition to the grant. 

The law officer shall report to 
the Commissioners his opinion 
whether a patent may be allowed 
for the invention or not, 





The Commissioners shall then 
make public the report of the 
law officer. 


14, After the report of the law 
officer, the applicant may within 
the prescribed time give notice 
atthe Patent Office of his inten- 
tion to further proceed with his 
application. 

f he does not so. give notice, 
he shall be deemed to have aban- 
doned the application, and it 
shall not be further proceeded 
on; and the provisional protec- 
tion shall thereupon cease. 

Sealing. 

15. If the law officer reports 
in favour of the application, the 
Commissioners shall, on the 
notice to proceed, prepare and 
submit to the Lord Chancellor a 
patent, with a warrant for the 
sealing thereof. 

16. If the a ue sapeets 

inst the application, the ap- 
plicant may Motition the Lord 
Chancellor for the grant and 
sealing of a patent. 


17. Any person may petition 
the Lord Chancellor against the 
sealing of a patent. 

18. A patent shall not be sealed 
after the expiration of the period 
of provisional protection, 

A patent shall not be sealed 
unless a request for the sealing 
‘hereof is made within three 
months after the date of the war- 
rant (if any), or unless (in the 
absence of a warrant) a petition 
for the sealing thereof is pre- 
sented within three months after 
the publication of the report of 
the law officer, 

Every patent shall be dated the 
day of the application; but it shall 
not for the t 


The report of the examiner. 


shall be open to the applicant 
but shall not be made public by 
the Commissioners. 

13. After that report of the 
examiner the Commissioners 
shall refer the case to the law 
officer. 

The law officer shall, if re- 
quired, hear the applicant and 
any person entitied, in the 
opinion of the law officer, to be 
heard in opposition to the grant. 

The law officer shall report to 
the Commissioners his opinion. 1. 
Where the application has been 
opposed on the ground of fraud, 
whether, regard being had to the 
evidence adduced, a patent may 
be allowed for the invention or 
not. 2. Whether the invention is 
contrary to public morals. 3. 
Whether any, and if so, what, 
prior matter found and pointed 
out by the examiner ought to be 

ioned in the complete specifi- 
cation, so as to clearly defire the 
applicant's claim. 

The Commissioners may then 
require the applicant to amend 
his complete specification, in ac- 
cordance with the report of the 
law officer, but shall not make 
public that report. 

14. After the report of the law 
officer, the ey may within 
the prescribed time give notice 
at the Patent Office of his inten- 
tion to further proceed with his 
application. 

f he does not so give notice, 
he shall be deemed to have 
abandoned the application, and 
it shall not be further proceeded 
on; and the provisional protec- 
tion shall thereupon cease, 


Sealing. 


15. If the law officer does not 
report as —— against the 
Mentton ” t om 








shall, on the notice to proceed, 
prepare and submit to the Lord 
Chancellor a patent with a war- 
rant for the sealimg thereof. 

16. If the law officer r 
against the application on the 
ground of its being fraudulent or 
contrary to public morals, or if 
the applicant objects to amend his 
complete specification as required 
by the Commissioners, he (the 

ppli ') may petition the Lord 
Chancellor for the grant and seal- 
ing of a patent. 

17. Any person may petition 
the Lord Chancellor against the 
sealing of a patent. 

18, A patent shall not be sealed 
after the expiration of the period 
of provisional protection. 

A patent shall not be sealed 
unless a request for the sealing 
thereof made within three 
months after the date of the 
warrant (if any), or unless (in 
the absence of a warrant) a 

tition for the sealing thereof 





s presented within three months | P' 


‘er the report of the law o, . 
ay patent shall be fited 
the day of the application; but 
it shall not be competent for the 





to take any proceeding in. respect 
of an infringement committed 
before the publication of the 
complete specification. 

19. Every patent shall be 
sealed, or impressed with a 
stamp as prescribed, and, when 
so sealed or impressed, shall be 
deemed to be sealed with the 
Great Seal of the United King- 
dom, and shall have effect 
Gronghont the United King- 

om, 


others where 
miners would 


facts prove that the 
that the result : 


our illustration, adopting 








we quote from Professor 


p to take any meme | 
in respect of an infringement 
committed before the publica- 
tion of the complete specifica- 
tion. 

19. Every patent shall be 
sealed, or impressed with a 
stamp as prescribed, ani, when 
so sealed or impressed, shall be 
deemed to be sealed with the 
Great Seal of the United King- 
dom, and shall have effect 
throughout the United King- 
a 


om. 

On the sealing of the patent the 
Commissioners shall make public 
the complete specification. Should 
the applicant abandon the appli- 
cation, or should a be 
refused on the ground of fraud 
or because the invention ts con- 
trary to public morals, the com- 
plete specification shali be re- 
turned to the applicant, and not 
made public. 


_ Such being the proposed changes, the next ques- 
tion that will naturally arise in the minds of those 
to whom the suggestions are new is, ‘“‘ But how do 
you propose to carry them out ?” 
to illustrate by reference to a well-known case— 
that of Betts’ patent for capsules, 
many other cases in mind that could be adduced in 
illustration—such as Kay’s patent for flax-spinning, 
Palliser’s patent for lining guns, and a multitude of 
here the inventions have been apparently 
80 far anticipated that the most competent of exa- 
ould assuredly have 
the question of novelty pure an 


This we proceed 
We have very 


“pe adversely on 
simple. And yet 


a have been in error and 
; wo ve been seriously de- 
trimental to the public interest. To proceed with 


Betts’ case, as to which 


Goodeve’s abstract of 


eports | produced. 


patent cases. It will be known to many that Betts’ 
patent was the subject of dispute in Betts v, Men- 
zies and other cases : 

‘The patent related to a method of plating lead with 
tin, in imitation of tinfoil. For this purpose, ingots of 
lead were cast in plates about 30 in. long, 3 in. wide, } in. 
thick. These strips were reduced by ro to about } in. 
in thickness. The tin was also cast and rolled into strips 
about one-twentieth the thickness of the lead, and of equal 
breadth therewith. A strip of tin was then folded over a 
strip of lead, so as to cover it completely on both sides, 
and the compound strip was passed between rolls and sub- 
jected to a very considerable pressure. The two metals 
united perfectly by molecular cohesion, and their relative 
thicknesses were preserved during any subsequent lamina- 
tion by rolling between polished rolls. When the materi 
was reduced to the substance of tinfoil the lead remained 
perfectly coated with tin, and the surface had a brilliant 
metallic lustre. If preferred, the lead could be coated on 
one side only. After describing the process of manufacture 
and the precautions necessary for success, the specification 
stated : ‘ For the manufacture of capsules the material so 
fr is cut into discs of the uired size, and the ma- 
nufacture is conducted as described in the specification of 
a patent of 16th March, 1843, No. 9665, to J. T. Betts. I 
am aware that it has been proposed to cover lead with tin 
by applying the tin, when in a state of fusion, to the lead 
when adequately heated, but the adhesion of the two metals 
in my new material is produced by the agency of mechanical 


pressure.’ 

‘* Defendant contended that the invention had been anti- 
cipated by a prior patent, viz., that of 4th May, 1804, to 
T. Dobbs, No. 2761, for ‘a new article of trade, which I 
denominate Albion Metal, and which I apply to the making 
of cisterns, linings for cisterns, covering and gutters for 
buildings, boilers, vats, coffin furniture, worms for distil- 
lers, and such other things as are required to eofa 
flexible, a wholesome, or a cheap metallic substance.’ The 
specification stated: ‘I take a plate or ingot of lead and a 
plate of tin, of equal or unequal thicknesses, and laying 
them ther, their surfaces being clean, pass them be- 
tween the rolls of a flatting or collin ill with what is 
technically termed a hard pinch, soas to make the metals 
cohere. If after the first passage the plates do not suffi- 
ciently cohere, I pass thema second or third time or more 
between the rolls, until a sufficient d of cobesion is 
After a plate of lezad had been coated on one 
side with tin, it might, if desired, be doubled with the lead 


useful, if not necessary, to have the rolls and the metals 
hot when the cohesion of the metals is to be effected by 
their passage between the rolls.’ 

Now we do not hesitate to say that had we been 
charged with the duty of examining Betts’ applica- 
tion and reporting as to the novelty of his invention 
under such provisions as those of the Bill now 
before Parliament, and judging from specifications 
alone, we should unquestionably have reported 
adversely. Yet practical experience proved that 
Betts’ invention was one of great importance—and 
the House of Lords decided —and as we think 
rightly decided—that his patent was a good and valid 
atent. 

Lord Westbury said : 


‘‘ The answer of the learned judges to the second ques- 
tion involves two conclusions, which are extremely ma- 
terial to the Patent Law. One is, that even if there is an 
identity of in two specifications, and (remember- 
ing that those specifications described external objects). 
even if the language is verbatim thesame, yet if there are 
terms of art found in the one specification, and also terms 
of art found in the other qpecibestion, it is impossible to 
predicate of the two with certainty that they describe the 
same identical external object, unless you ascertain that 
the terms of art used in the one have precisely the same 
signification and denote the same external objects at the 
~~ of one specification as they do at the date of the 
other. 
‘In all cases where two documents profess to describe 
an external thing, the identity of signification between the 
two documents containing the same description must belon, 
to the province of evidence, and not to the province o 
construction. 
‘* T pass on to the next conclusion, which is also of great 
importance to the law of patents, because it results from 
that ne that an antecedent specification ought not to 
be held to be an anticipation of a subsequent discovery, 
unless you have ascertained that the antecedent specifica- 
tion discloses a practicable mode of producing the result 
which is the effect of the subsequent very. 
‘* Here we attain at length to a certain, undoubted, and 
useful rule. The effect of that opinion I take to be this, if 
our lordships shall affirm it, that a barren general descrip- 
ion probably containing some suggested information or 
involving some speculative theory cannot be considered as 
anticipating and as therefore avoiding for want of novelty 
a subsequent specification or invention which involves a 
P truth productive of beneficial results, unless you 
ascertain that the antecedent publication involves the 
same amount of practical and useful information. 
“* Now it will be evident upon a comparison of these two 
specifications that the one was a mere general suggestion 
while the other is a specific definite practical invention. It 
is possible that a suqpevtion such as that contained in the 
one may lead to the very of the invention contained in 


the other. But it is this latter alone which really does add 


to the amount of useful knowledge, it is the latter alone 





which by its practical operation confers a benefit upon 
mankind within the meaning of the Patent Law. 


‘* In the present case there was not only no evidence to 
show that that which is contained in Dobbs’ specification 
was capable of practical operation, but in reality that con- 
clusion was negatived by verdict of the jury.”’ 

This being so, and as, although Dobbs’ specifica- 
tion had existed some forty-five years, such capsules 
as described by Betts were not in the market prior 
to Betts’ patent, though afterwards almost univer- 
sally adopted, it becomes self-evident that the refusal 
of a patent to Betts’ would have had the effect of de- 
laying the commercial introduction of a most useful 
article, for it would not have been considered worth 
while to take all the risk and bear all the cost inci- 


terial | dental to such an introduction without the protection 


of a patent. 
Now, in senna se such a case as the above the 
provisions of the Patent Bill as altered by us, we 


should proceed as follows. The complete speci- 
fication having been filed, the examiner would 
see that the claims were in general terms covered 
by the provisional specification, and that the 
title agreed with that of the application. He 
would then search out the things most nearly re- 
sembling Betts’ invention. Coming across Dobbs’ 
specification, instead of reporting that Betts’ appli- 
cation ought to be refused, he would simply report 
that Dobbs’ yr gan eco contained a description of 
something t seemed to anticipate Betts’ 
invention, Thereupon Betts would be shown the 
report, and would be told that if he still persisted 
in his application he must alter his complete 
specification by introducing a distinct reference to 
Dobbs’ prior specification, and a clear statement of 
what he relied upon as the difference between his own 
and Dobbs’, Thereupon Betts would insert something 
after the fashion of the paragraphs printed in italics 
in the following, which, excluding the words in 
italics, is a copy of the concluding portion of Betts’ 
specification. 

_ ‘I am aware that it has been proposed to cover lead with 
tin, by applying the tin when in a state of fusion to the 


side inwards and rolled as before, so as to produce a plate ; 
: age . lead when adequately heated, so that the adhesion of the 
of lead coated on both sides with tin. N.B. It will be capone 4 ni dd be produ i’b ey of heat with com- 


plete fusion of the tin, but the adhesion of the two 
me in my new material is produced by agency of 
mechanical pressure. I am also aware that in the specifica- 
tion of Dobbs, No. 2761, dated the 14th May, 1804, it is 
proposed to unite plates or ingots of lead and plates y 
tin of equal or wnequal thicknesses by passing them throug 
rolls to make them cohere, but inasmuchas that specification 
gives no specific directions as to thickness, any at t to 
cw out the proposal by following that specification 
would almost inevitably result in failure. By my inven- 
tion, by using thin plates as described, I concentrate the 
whole pressure on a single line of particles, thus causi 
a perfect wnion, so that the compound plate will roll out 
extreme degrees of thinness, and preserve the relative propor- 
tions of the two metals. And I wish it to be understood that 
I do not claim the exclusive use of the several processes 
hereinbefore described or referred to of casting, cutting, 
rolling, except when the same are employed for the 
ya of my said invention, and I hereby declare that 
claim as the invention intended to be secured by the said 
Letters Patent— 

‘* Firstly. The manufactures of the new material, lead 
combined with tin on one or both of its surfaces, by rolling 
or other mechanical pressure, as herein described. 

Secondly. The manufacture of capsules of the new 
material of lead and tin combined by mechanical pressure, 
as herein described. ”’ 


Having thus set forth our recommendations, and 
explained their practical application, we may in con- 
clusion give the following summary of advantages 
claimed for the proposed system : 

1. Uniformity of practice notwithstanding change 
of officers. 

2. Simplification of the duties of officers, 

3. No patentee could deceive the public about the 
extent of his invention. 

4, If the invention really amounted to nothing, 
the applicant, being compelled to define it in the 
manner proposed, would abandon the application or 
patent on finding he had nothing to claim. 

5. If, though seemingly trivial—so trivial, indeed, 
that the examiner, having the option, would cause 
the application to be rejected by the law officer— 
the inventor nevertheless believed his claim to be 
new, he would be able to stand or fall upon it, purely 
on its own merits, without being unduly prejudiced 
by publication of official opinions, which, as the cases 
cited show, would often be erroneous. Mr, Bram- 
well, speaking at the Society of Arts, forcibly 
pointed out how many serious mistakes the most 
competent persons have made in their judgments 
as to inventions. 

6. In case of litigation, the point at issue would, 
under the proposed practice, lie within the nar- 





rowest limits, on the faces of the specifications them - 
selves, and the patentee could not (as now) shift his 
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und. Thus the time occupied by, and the cost of 
termining cases, would be enormously reduced. 

In fact, it is believed that the validity or inva- 
lidity of a patent could be determined at least as 
quickly and cheaply as could the appeal of an ap- 

licant to the Lord Chancellor, as proposed in the 
ill as it now stands. 

7, It stands to reason that with a bad case the 
patentee would not attempt intimidation, as is some- 
times possible with a patent the specification of which 
contains ambiguous claims. If he essayed to proceed 
at law, his case would be speedily disposed of. 

8. The vague specifications and claims on which 
patents are now based would be abolished, thus 
effectively disposing of the main complaints of some 
manufacturers who have expressed opinions against 
patents. 


CENTRIFUGAL FORCE v. UNBALANCED 
FORCE. 
By Rost. D. Napier, 

At the meeting of the British Association in 
Glasgow in September last, Professor Tait gave a 
lecture on ‘‘ Force,” in which he spoke of “ centri- 
fugal force” and ‘accelerating force” as being 
‘‘ absurdities.” Some time afterwards another 
eminent scientist, writing in a scientific journal, 
stated that centrifugal force had for years been 
givenjup in books of science. If the latter statement 
were true, then such books for instance as the late 
Dr. Rankine’s mechanical and engineering works are 
not books of science, as they define and make use 
of the term without any hint about the possible 

hantom nature of the force implied by it; and if 

rofessor Tait is correct, then Sir Isaac Newton 
held views on this subject which were not only 
erroneous, but positively absurd; this, to say the 
least of it, is what most persons would be surprised 
to learn. It will very generally, I think, be admitted 
that Newton understood the science of dynamics 
about as well, and was about as unlikely to use in- 
correct or inappropriate phraseology with regard to 
itas any one since his time ; and I think on exami- 
nation we ‘shall find that ‘centrifugal force” is 
neither ‘‘an absurdity,” nor an erroneous notion, 
nor an inappropriate phrase, 

The general statement that “centrifugal force” 
has been given up in books of science is not true, 
but it appears,to have been given up in some books 
of science. That being so, and the doctrine that 
centrifugal force is an imaginary quantity having to 
some extent been accepted by thinkers on the subject, 
it becomes worth while to examine the arguments 
or evidences on both sides of the question. 

In advocating the existence of centrifugal force 
one may be placed between the horns of a dilemma 
of very formidable appearance, and yet one which 

robably never occurred to the mind of Sir Isaac 
Newton, or if it did he probably saw his way out of 
the difficulty so easily that he did not think it worth 
while to notice it, since he appears to have adopted 
the idea and the name of centrifugal force without 
giving any hint about the possible fallacy of the one 
or the inappropriateness of the other, 

The dilemma referred to may be put in the 
following form: If there is such a force as centri- 
fugal force, which is equal and opposite to centri- 
petal force when a body is moving in a circle, then 
the direction of the motion of a body may be altered, 
while all the forces affecting it balance one another ; 
for if the body is moving at a uniform rate there 
can be no forces acting on it otherwise than at right 
angles to the direction of motion, and these by 
supposition balance each other. Again, if variation 
of the direction of motion of a body may take place 
while all the forces affecting it are balanced, so also 
may change of velocity under similar conditions ; 
for change of direction is in reality change of velo- 
city at right angles to the actual direction of motion 
at any instant, Again, if it has to be admitted that 
in some cases the rate or direction ot the motion of a 
body may be altered, while all the forces affecting 
it are balanced, we cannot stop short of the con- 
clusion that this is always the case, and that in fact 
the forces affecting any body are always balanced 
whether its motion is uniform or variable. 

The dilemma then resolves itself into this; that 
either there is no such force as centrifugal force or 
else there is no such thing in nature as an un- 
balanced force ; one or the other must be given up. 
At first sight this seems to be almost conclusive 
against the existence of centrifugal force, but I 
nevertheless contend that the anti-centrifugalists 
have cut away the horn of the dilemma that should 
have been left ing, aud are now revolving 








round the wrong one like flies round a candle, so 
absorbed by its attractive power that they fail to 
recognise the counteracting centrifugal force. 

On the one hand we must deny the existence 
of a force of which the effects are as manifest and 
palpable as those of any other force; or, on the 
other hand, we must conclude that whether a body 
is moving at a uniform or variable rate the forces 
by which it is affected always balance one another. 

Before beginning to discuss the main argument 
against the existence of centrifugal force, I wish to 
dispose of a so-called argument which to some minds 
appears to be a very powerful one, though it is 
based on a complete confusion of the ideas of force 
and motion. 

The argument is that there cannot be any force 
properly called centrifugal, for if the centripetal 
force suddenly ceases to act, as for instance by the 
breaking of a cord which was causing a body to 
move in a circular path, the body does not fly off 
radially but in a tangent to the curve. From the 
report I have seen of the lecture by Professor Tait, 
I cannot say that he used this argument in direct 
terms, but I think part of it cannot bear any 
other meaning ; however that may be, I have seen 
the argument used by at least one first-class and 
well-known mathematician and by numerous other 
persons of smaller calibre. If it had not been for 
this I should not have felt justified in taking time 
to refute so absurd an argument. 

In order to show its absurdity it is only necessary 
to carry it out to its legitimate conclusion thus : 
the body does not fly off radially, therefore there was 
no outward radial force at the time of the break- 
ing of thecord; the body does fly off tangentially, ¢here- 
/ore there was a tangential force existing ; but if the 
body was moving at a uniform rate there could be 
no tangential force, for if there had been it must 
have been either.increasing or decreasing the velocity. 
That the body flies off in a tangent is conclusive evi- 
dence that that was its direction of motion at the time 
the centripetal force ceased to act, but it does 
not furnish the shadow of evidence as to the forces 
that were acting the instant before it did so. 

To produce velocity both time and force are 
required, and assuming that centrifugal force exists 
at all, it is the resistance arising from a body being 
forced out of a straight line, just as centripetal force 
is the force pulling it out of a straight line, and the 
instant the one ceases so does the other, when 
the body at once moves in a straight line, for 
the element of time is wanting to allow of radial 
velocity being produced, The crucial question is 
whether an unbalanced force is a possibility. If that 
question can be answered definitely one way or 
the other it must settle the whole matter. 

In statics we know that every force must be 
opposed by an equal and opposite force, or by forces 
whose resultant is equivalent to that, at least I 
presume this will not be disputed, That is to say if 
A presses against B with a given force, then B will 
press against A with an equal force. In dynamics 
we assume that a force may act on a body without 
being opposed by an equal force, and that the result 
is motion imparted to the body. I shall endeavour 
to show by reasoning and examples that when motion 
is being produced there is a resisting force which 
limits the rate at which velocity may be produced by 
a given accelerating force, and that these two forces 
are equal. Ifit be objected that there would be no 
effect if the resisting force were equal to what may 
be called the acting force, my reply is that this view 
of the case overlooks the circumstance that the 
resisting force arises entirely from the fact that the 
result is actually taking place. 

A very clear illustration of my meaning may be 
seen in the case of aship going forwards at a uniform 
speed. It is manifest that the sum of the forces 
driving her forwards is exactly equal to the resis- 
tance, or the sum of the forces acting in opposition 
to her motion, and yet she continues to plough her 
way through the water, for the forces that are 
opposing her motion exist entirely in virtue of the 
fact thatshe is going ahead, If the ship were made 
fast by a rope while the same force continued to drive 
her ahead, the strain on the rope would be exactly 
equal to the forces opposing her motion when 
she was free to move; but inasmuch as the 
strain on the rope is not due to the ship going ahead 
there is nothing but a statical result, 

On the same principle centrifugal force is the re- 
sistance against alteration of the direction of motion, 
and arises entirely from the fact that the alteration 








We must always bear in mind that we know 
nothing whatever about force but by its effects, of 
which the fundamental one is the sensation of 
pressure, without which it would be as impossible 
for us to form au idea of force as it would be for a 
man born blind to form a conception of colour, 
But having by means of sensation acquired an idea 
of what force is, we can in various ways estimate 
the relative magnitude of different forces by com- 
paring the effects produced. And whenever we 

nd an effect produced which, according to our ex- 
perience, force and nothing but force produces, I 
think we are justified in assuming that a force 
must have existed to produce the effect. Then, if 
we can show that resistance against change of 
velocity produces effects which nothing but force 
produces, we must come to the conclusion that re- 
sistance to change of velocity is a force, and if so 
that it is equal to the force producing the change. 

Take the following case. If a piece of heavy 
material, say a piece of lead, weighing 10]b., is 
placed in the scale of ari accurate spring balance, it 
will press down the scale till the pointer indi- 
cates 101b. I think it will not be disputed by 
Professor Tait, or perhaps any one else, that the 
pressure exerted by the lead on the scale isa force 
downwards on the scale; for if not, what took the 
scale downwards till the pointer indicated 10 lb. ? 
I donot say that that force is the force of gravity of 
the lead, for the same reason that when a weight is 
suspended on a chain the force exerted by the first 
link on the second is not the force exerted\by the 
second on the third, but the one is the measure of 
and arises directly from the other; in like manner 
the pressure on the scale is the measurement and 
effect of the gravitating power of the piece of lead, 
and is all we know about that power. 

Suppose now I wish to try experimentally what 
the effect of rapidly descending will have on the 
force of gravity, and I take the spring balance and 
piece of lead and go down a mine with it. When I 
am descending at full speed I find the pointer 
indicates exactly 10 lb. as it did before. A little 
while afterwards I experience a sensation as if I 
had suddenly grown heavier, and on looking at the 
spring balance I find that the lead appears now to 
weigh 12lb. Of course the explanation is that the 
rate of descent is rapidly decreasing, and not that 
the lead had grown heavier. What then is the 
additional pressure on the scale? Is 10 lb. of the 
total pressure a force downwards on the scale, and 
2b. of it not a force? Ten pounds of it is admitted 
to be a force and to be the measurement of the force 
of gravity of the lead, and 21b. of it is the measure- 
of—what? Of the resistance which the inertia of 
the weight opposes to the reduction of its velocity 
of course; but how can it produce this downward 
pressure on the scale if it be not a force? On com- 
mencing to reascend we get the same result; the 
force producing velocity upwards is exactly balanced 
by the resistance to the production of velocity, but 
the velocity keeps increasing all the same. 

I will take one more case, but more apropos to the 
question of centrifugal force. Suppose a weight to 
be fitted to the arm of a wheel so that it can slide 
freely out and in on it, and let it be prevented from 
flying off the arm by a rim on the wheel; also let 
& spring be interposed between the weight and the 
rim. 1 will further suppose that when the weight 
is as far from the centre as it can go the radius to 
its centre is 1 ft, If there is no power applied to 
the wheel the weighted arm will naturally find the 
lowest point and will press with its own weight, say, 
10 lb., on the spring which will press with a force 
of 10 lb. onthe rim. It will be impossible, I think, 
for any one to deny that the pressure on the rim is 
a force acting downwards on it, and therefore in a 
radial or directly outward direction from the centre. 
If we now now put the wheel in motion and make 
it run at about 54 revolutions per minute, then each 
time the weight passes its lowest point, the pressure 
on the spring and therefore on the rim will be equal 
to 20 lb. Will half of that pressure be a force and 
half of it not a force, or will half of it be a down- 
ward force and half of it bean upward force? I see 
no escape from this absurdity but by admitting the 
existence of centrifugal force and the non-existence 
of unbalanced force. 

Let the wheel be placed horizontally, and be 
driven at the same speed as before; the force 
exerted on the spring will now be 10 lb, constantly. 
Is any one justitied in saying that in this case the 
spring is forcing the weight towards the centre, and 
deny the right of another to maintain that it forces 





is taking oe ; and also on the same principle it is 
equal to the force which is producing the alteration. 





the rim outwards? This is the ground that the 
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anti-centrifugalists take ; they would say that the 
rim presses on the spring, and the spring on the 
=a forcing it out of a straight line. This is 
true enough, but the converse is also true, that the 
resistance being moved out of a straight line 
produces the pressure on the spring, and makes it 
press on the rim. It would be possible, however 
erroneously, to take the former view of the matter 
to the exclusion of the latter in such a case, as for 
instance the moon revolving round the earth, where 
the centripetal force exists totally irrespective of 
the motion of the body, and is the originating cause 
of the curvilinear path. But if we are entitled to 
think in this manner, we are equally entitled to say 
when the force is entirely due to the motion that it 
is entirely centrifugal, and that there is then no 
centripetal force. Both views are equally wrong, 
and the only legitimate view seems to me to be the 
old-fashioned one, that when a body is moving in a 
circular path, the centrifugal force is equal and 
opposite to the centripetal force. Take the case of 
the common ball governor of an engine. If there is 
no such force as centrifugal force, what makes the 
balls fly outwards? the force of gravity is pulling 
them out of the straight line, but surely the centri- 
fugal force sends them out till gravity equalises the 
outward and inward forces. 

To me the statement that a force cannot act 
without having an equal force to act against is more 
like an axiom than a proposition requiring to be 
proved, for if it were otherwise it seems evident 
that a force could act on a vacuous space, which is a 
manifest absurdity. But it may be asked in the 
case for instance of gravity producing motion in a 
mass, what is the resisting force? Is inertia a 
force? Certainly not; but it is that quality of a 
mass which limits the rate at which motion can be 
imparted to it with a given force; which in fact 
prevents it from acquiring infinite velocity in an 
instant, and makes it possible to apply force to a 
body free to move. ‘The resisting force only comes 
into existence when change of velocity begins to 
take place, and lasts only as long as change of velo- 
city is taking place, in a similar manner to centri- 
fugal force in relation to change of direction; and 
also in a similar manner to the case of the resisting 
forces to the motion of a ship. The latter is a case 
of uniform motion, and the former of variable 
motion, but the principle is the same. My conten- 
tion is that if we remove the support on which a 
mass has been resting, we that instant bring an- 
other resisting force into play. The one may be 
called a statical force, and the other a dynamical 
force, the latter being the result of unbalanced 
statical forces. We cannot form a conception of 
this resisting force, but neither can we of the force 
of gravity, though the latter we consider the most 
natural thing in the world, just because we have been 
used to see and feel its effects. 

From what has been said it will be seen that if 
centrifugal force has to be given up, then the impact 
of a cannon-ball on a target is not a force, and the 
pressure of the exploded powder on the ball in the 
gun is not a force. These, and the great majority 
of what we have been accustomed to call forces, 
must stand or fall with centrifugal force. 








THE Istumus or DARIEN.—There is an expectation that 
work upon an interoceanic ship canal across the Isthmus 
of Darien connecting the Atlantic and Pacific oceans will be 
commenced within the next two years. The cost of the 
canal by the route selected will be about 100,000,000 dols., 
and the execution of the works will extend over at least ten 
years. 





THE SvuEz CaNnAL.—The number of vessels which passed 
through the Suez Canal in Jan was 139, as compared 
with 142 in January, 1876, und 128 in Jani , 1875. The 
transit revenue collected in January peta on to 111,6001., 
as compared with 110,895. in January, 1876, and 91,6841. 
in January, 1875. The income of the canal is thus still 
gradually increasing. 





VicToRIAN RAILways.—The Victorian Government has 
postponed until the next session of the Victorian Parlia- 
ment, the prosecution of a Bill for the establishment of 
300 miles of new railway in Victoria. One reason which 
induced the Victorian Cabinet to pursue this course was 
the fact that the necessary surveys were not! finally 
completed. During the recess of the Victorian Parlia- 
ment, these surveys are to be proceeded with with energy. 
It appears from the speech of His Excellency "the 
roguing the Victorian Parliament, that 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, b= ne are 
South Yorkshire and nn my Miners.—The whole of 
these men, numbering altogether about 35,000, have 
to} accept a reduction in wages to the extent of 64 per cent. 
from next month’s first pay-day. 


Rotherham, Masborough, and Holmes Coal Company.— 
The report of the directors of this limited company states 
that during the ome 31101. have been spent on wagons, and 
15901. on new coke ovens, besides 22751. on the workings of 
the High Hogles pit. A new gasometer has been erected 
and charged to revenue. The report of Mr. Jeffcock, the 
engineer, is appended and states that the colliery is in 
order. The quantity, of coal raised during the year from 
the Barnsley seam was 156,910 tons, and from the High 
Hogles seam 57,408 tons, making a total of 214,318 tons. 
The High Hogles pit is now producing 300 tons daily. The 
cost of the new works, including the building of 20 new coke 
ovens, new railway wagons, &c., reached 6976/. Both pits 
have often been stopped during the year, ly owing to 
bad trade and partly by last year’s strike of the men. 


The Sheffield Tr ys Company.—The half-yearly 
report of the directors of this company recommends a 
dividend at the rate of 6 per cent. The Hillsborough 
section of the new lines now in course of construction is 
expected to be completed for traffic early in May next, and 
arrangements are being made for the requisite stabling, 
&c. The directors further state that the company now 

ssess 113 horses, 12 double-horse cars, and 8 single- 

orse cars, and work 4% street miles of double tramways. 


Sheffield Corporation and Steam Tramway Engines.— 
At the latest meeting of the Sheffield Town Council, the 
recommendation of the roy mpd Commitee, that steam 
engines should be allowed to be used on the local tramways, 
was negatived after a long and excited discussion. This was 
in the face of the fact that the experimental trials had been 
so wholly successful that the Tramways Company had 
given notice to the Local Government Board for permission 
to use them. 


Midland Iron Company’s LExtensions—The annual 
report of the Midland Iron Company (Limited), Mas- 
borough, shows a loss of 6241. on the year’s trading. The 
new hoop mill has been completed and has been worki 
satisfactorily since Sestouher last. The cost of this mi 
was 55001. The charges for maintenance and repairs have 
been unusually heavy on account of many alterations and 
improvements in the old works. 


Midland Institute of Engineers.—On Wednesday after- 
noon last a general oanes the members of this Institute 
was held at Barnsley. he following gentlemen were 
elected members: Mr. James Lumley, C.E., Bradford ; 
Mr. C. E. Seward, Strafford Collieries; Mr. A. Swift, 
Monkton Main Colliery. A paper Lape nome: by Mr. R. 
Russell, C.E., ‘‘On the Flockton Seam of Coal,’’ was read 
by the assistant secretary and was ordered to be printed. 
Mr. J. Warburton’s paper, ‘‘ Considerations on Atmo- 
spherical Influence in Connexion with Colliery Explosions,”’ 
was held over. Discussion was then resumed on the paper 
by Messrs. Wilson and Miller on ‘‘ A Heavy Outburst of 

from the Floor of the New Oaks Colliery,’ in the 
course of which it was now freely admitted that there was 
no doubt about the occurrence, which was [deemed wholly 
exceptional nevertheless. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron ee there was a 
fair average attendance on ’Change at Middlesbrough, but 
again the market was flat and scarcely any business was 
transacted. The quotations were again based on No. 3 
Cleveland pig iron selling at 45s. per ton. This nominal 
price, as we pointed out last week, does not indicate what 
rates are realised in actual sales, the fact being that at 
present nearly all buyers succeed in obtaining special 
arrangements according to the time of delivery of their 
iron. Makers’ stocks continue to increase. 


The Finished Iron Trade.—The finished iron trade re- 
mains in a depressed condition and there are no signs of 
improvement. There is not such a good inquiry for uote 
and bars as there has been for the pastfew months. Many 
of the iron works in the North remain closed and are not 
likely to be reopened for months to come. 


Shipbuilders and Engineers.—On the Northern rivers 
shipbuilders are beginning to find that inquiries for new 
steamers are not so numerous, and some of them fear that 
by the time the orders on hand are completed there will be 
considerable difficulty in obtaining work to keep their 
establishments fully occupied. Of course these remarks 
apply equally to marine engineers. Meanwhile it is some 
consolation that in the midst of bad trade these two im- 
portant industries are brisk. 


Messrs. Bolckow, Vaughan, and Company.—It iscertainly 
cheering to learn that at a directors’ meeting of Messrs. 
Bolckow, Vaughan, and Co., of Middlesbrough, held the 
other day in London, it was resolved to pay'a dividend on 
1876 of 74 per cent. per annum, including interim _ in 
October last. Messrs. Bolckow, Vaughan, and Co. are 
in the happy position of having collieries and ironstone 
mines with which to supply their blast furnaces and iron 
works with raw ard» 








NOTES FROM THE NORTH. 
Giasaow, Wednesday. 
Glasgow Pig-Iron Market.—On Thursday last the pre- 
iling price for warrants was from 56s. 7d. to 56s. 6d. cash. 
The warrant market. was less firm on the following day and 
prices receded 2d. per ton, partly in consequence of the re- 








ceipt of unfavourable political news, and they closed for the 
week at 3d. under the ing quotations of the 
oro Business opened in the forenoon at 56s. 6d. cash 
and 56s.74d. one month, but sales afterwards took place at 
56s. 5d. and 56s. 4d. cash, the forenoon market closing with 
buyers at 56s. 3d. cash and 56s. 44d. one month, seller's ask- 
ing 14d. per ton more. No business was rted in the 
afternoon, and are remained as at the close of the fore- 
noon market. _Flatness was the rule on reece he see 
when business was done in warrants at 56s. 3d. to 56s, 3}d. 
cash, the market closing with buyers offering 56s. 2d. cash 
and 56s. 8d. one month, sellers asking 1d. per ton more. 
The afternoon market was quiet, but no business was re- 
ported—buyers offering 56s. 3d., sellers asking 56s. . 
cash. Yes y’s forenoon market was steady, and a fair 
anennt 4 panes was ~ in bowramy: | at 56s. 3d. cash, 
closing wi ers over, buyers offering the same price with 
one month to pay. The market coulunal steady in the 
a ee —< prices wan age ey oe ig 
. and buyers o . 14d. easier 
again prevailed to-day. ) Bat was done during 
forenoon at 56s. 1}d. cash, the market closing with buyers 
at that price, sellers 56s. 2d.cash. Business was also done 
in the afternoon at 56s. 1d. eight days, buyers remaini 
at that price, sellers 56s. 14d. cash. It must be admitted 
that a fair amount of business is being done for home con- 
sumption, but coastwise shipments have been kept back by 
the uninterrupted stormy weather. The demand for the 
Continent is still quiet; there has been more disposition 
shown during the past week, however, to operate for spring 
shipments. Several special brands are firmer in tone, the 
ers holding out for their official prices. With regard 
to warrants it should be mentioned that the market con- 
tinnes to be largely oversold in anticipation that t 
holders will become sellers at lower prices. The deliveries 
into store are now showing a tendency to fall off, the in- 


crease last w only 836 tons. Last week’s ship- 
ments amounted to tons as against 4637 tons for 
ag gee | week of last year. One blast furnace has 
just been re ighted ‘at Dalmellington Iron Works, Ayr- 
shire, thereby bringing up the number in blast throughout 
Scotland to 119, which is the same as at this time last 
year. 


Manufactured Iron.—There is still a good demand for 
manufactured iron. Ship plates, in consequence of an in- 
creased production in the North of England, are rather 
easier in price. Other descriptions remain unchanged. 
The mills are generally well a though order books 
are not as well filled as they have been within the last few 
months. One establishment in Lanarkshire is now 
better employed than at any previous time during the last 
two years. 


Progress of Glasgow Harbour.—There has just been 
issued a remarkable photographic album, containing plans 
of Glasgow Harbour in 1800, 1840, and 1875, together with 
a longitudinal section of the river from Glasgow to Port- 
Glasgow, showing the depths and the levels of high and 
low water in 1758, 1824, 1839, 1853, 1861, and 1871 re- 
spectively. The interesting plans in question have been 
executed by Mr. Annan, Glasgow, from the large cartoons 
ae ee by Mr. Jas. Deas, the Clyde ineer, for par- 

iamentary purposes. Altogether, the album, which is 
more than 2} ft. long by about 9 in. broad, is extremel 
valuable as showing at a glance the extraordinary growt 
of the river and harbour since last century, and serving as 
an admirable companion to Mr. Deas’s book on the “‘ River 
Clyde’’ recently published by Mr. Maclehose. The various 
plans are coloured very carefully, and are remarkable for 
the distinctness with which everything is set down. Mr. 
Deas supplies the prin a of statistics illustrative 
of the rapid growth of the harbour as regards depth, area, 
extent of quayage, and revenue : 


Year, Year, Year, 
1800, 1840, 1875. 
Length of quayage of 
Glasgow Harbour ... 382lin. yds. 1973 lin. yds. 6708lin. yds. 
Area of waterspace ,,, 4 acres 23 acres 92 acres 
Depth at high water, say 10 ft, 16 ft. 24 ft, 
» low ¥ 6 ft. 10 ft, 13 ft. Gin, 
Area of quay space .,, _ _ 42 acres 


» Sheds on ayes _ - gees 
Revenue of Clyde Trust 33197. 16s. 1d. 46,5367, 14s, 196,826/. 18s, 10d, 


Institutron of Bagingere and Shipbuilders.—The usual 
monthly meeting of this Institution was held last night 
—Mr. Andrew Brown, Renfrew, one {of tae vice-presi- 
dents, in the chair. A discussion took place on the ques- 
tion of safety valves, which was raised by a short paper by 
Mr. James Nasmyth, read at the preceding meeting, on his 
spherical seated ene safety valve. Mr. 

Russell, Motherwell, described a form of valve which 
had made many years ago, and Mr. John Mayer described 
Findlay’s new patent safety valve which he had lately seen 
in use at the Corporation Gas Works, Paisley. Mr. 
MacColl, Mr. Thomas A , the Chairman, and other 
members also took part in the discussion. Mr. Laurence 
Hill, C.E., subsequently described some experiments which 
he had instituted on the question of the priming of steam 
boilers. His communication was criticised at some length, 
and a hope was expressed that he would continue his ex- 
periments. A vote of thanks to Mr. Hill closed the pro- 





NOTES FROM THE SOUTH-WEST. 
MM thshire Railway.—Sati rogress has 
hom uoee. with the works for a deviation of | this railway, 
and for a junction with the Great Western Railway at 
Waterloo. Thecompletion of these works by July next 
may be reckoned on, 


Swansea.—During the past week there have been some 


appreciable consignments of patent fuel the Graigola 
erth Fuel Company, and coal > show a tendency 
0 improvement. Among the foreign shipments have 
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been 1746 boxes of tin plates Jones Brothers, 
t of boxes by Messrs. Phillips 
and Rees. The question of charges for discharging iron COMBINED ENGINE AND CLAY MILL. 
ore was before em pn or Ghighoghers’ Fagan ~ . 
Friday, commit! in confer a Ww. 
wr the Sealine oe roto the subj ® A chip is now CONSTRUCTED BY MR. F. W. JACKSON, ENGINEER, LONDON. 
held liable for the whole by ay 9d. ton, unless a : 
special ent be come to een the ship and the 
receiver of cargo. This involves continual unpleasant- 


ness between the parties, which, it is said, would be 
obviated if the trustees would make it clear that the vessels 
should pay, say, 7d. per ton, as at Newport, or 7}d. as at 
Cardiff, leaving the other 24d. or 3d. to be paid by the re- 
ceiver of the cargo. 

Rhymney. rations in connexion with new steel 
works are pushed on as fast as can be expected, although 
the inclement state of the weather tends to lessen the pro- 
made. Thecoal trade remains in the same condition. 
ere has been no settlement effected between the masters 
and the colliers of the Mardy pit. Some steel rail orders 
are being proceeded with. 

Forest of Dean.—An improvement has taken place in 
the house coal trade of this district, which owes its change 
doubtless to a reduction recently made in quotations. 
There is very little to report on the subject of the iron trade 
of the district. 

The Admiralty and its Contractors.—A claim, amount- 
ing to nearly 1000/., was made by the Admiralty upon a 
contractor me oa on, in order > y= i the cost is 
preparing the Pelican ‘or engines on the Perkins principle, 
which he had contracted to supply. The delay which arose 
in preparing the vessel for commission, owing to the non- 
pe of her engines, was at last overcome by appro- 

riating to her the machinery provided for another ship of 
oe class, although the inconvenience was considerable. 
But we hear that the Admiralty has now consented to with- 
draw the claim, and to cancel the contract entered into for 
the supply of a set of Perkins engines. 

Falmouth Water Works Company.—This company has 
a Bill pending in Parliament. Should this Bill become law, 
the com ee = bee mord to pan open a - ot _— 
voir in the parish o oc ly upon the of the 
company, and pn upon that of the Ecclesiastical Com- 
missioners and of private individuals; also an aqueduct 
commencing at the reservoir, and terminating in the road 
leading from Falmouth to Penryn, near the Falmouth 
Union Workhouse. 

Ely and Rhondda Valley Junction Railway Bill.—We 
understand that this Bill, which was to have been vigo- 
rously opposed by the trustees of the Marquis of Bute and 
by the Taff Vale Railway Company, has been withdrawn. 


i 





Taz Frencu Navy.—The Annamite, a large transport, 
has been recently launched at Cherbourg. She is designed for 
the conveyance of troops to the French colonies, and she is 
350 ft. long, 55 ft. beam, and 40 ft. deep. 


Krnq’s CoLLEGr ENGINEERING SocretTy.—At an ordi- 
nary meeting of the above Society held on Friday 
February 16, Mr. L. T. Glasson read a paper on ‘‘ The 
Economy of Fuel in Steam Boilers.’ he author com- 
menced with an examination of the laws of combustion, 

inting out the absolute necessity of pe com- 

tible pm at a high temperature, and of pro- 
viding a definite a of oe to combine with 
them. He contended that the formation of smoke in 
furnaces was due to the absence of one of these essentials, 
and that it is, therefore, necessary in consuming smoke to 
raise the temperature of the carbon atoms in it to a tempe- 
rature that will allow of their union with oxygen, or if the 
temperature be already sufficiently high merely supply air. 
In preference to smoke consuming, smoke prevention was 
recommended, by a liberal supply of air above the fuel. 
He submitted that the falling off in evaporative poe of 
the boiler, generally resulting on the adoption of this plan, 
was due to the decrease in the volume of the air drawn 
through the solid fuel, the atoms of which depend entirely 
on its a ing effect for their release. In the dis- 
cussion which followed, Messrs. Crompton, Guinness, 
Fabricius, and Leaf took , and the meeting terminated 
with a vote of thanks to 


r. Glassen for his paper. 

Tux INsTITUTION OF CrviL ENGINEERS.—On Tuesday 
last the annual meeting of the contributors to the benevo- 
lent — ¢ this 7 2 = = appears from the 
report of the committee, that during the past year grants 
were made in twenty cases, the gross sum so ha being 
2472. The capital remains the same as in the previous 
year, and s on the books at 25,3201. 88. 9d. The rest 
income account has been in by asum of 10301., 
nearly the balance of the receipts and payments for the year 
ending December 31st, 1875. The income paper last year, 
arising from annual subscriptions, and fiom dividends and 
interest upon investments, amounted te 2191/. 9s. 11d. 
The receipts likewise included donations ovher than capital, 
a bequest from Robert Broad, Assoc. Inst. C.E., and a 
returned grant, bringing zp the total to 35571. 2s. 11d. 
The payments had exceeded the income by 347/. 13s. 9d. 
This, the committee thought, showed the utility of a re- 
serve out of which extra claims might be met as they arose 
without trenching upon capital. ‘The unexpended balance 
at the bankers at the close of 1876 was 10261. 1s. 6d., and 
this added to the “rest’’ of 60901. 6s. showed a reserve 
available for future emergencies of 71161. 7s. 6d. In conclu- 
sion, the committee again urged the claims of the fund upon 
the benevolence of the profession, so that assistance might 
be forthcoming whenever it was unfortunately needed, in 
cases which, upon inquiry, were found to be worthy to re- 

























































































































































































Tue illustration which we publish above shows a com- 
bined engine boiler and clay mill recently constructed 
by Mr. F. W. Jackson, of the Kingsbury Iron Works, 
Dalston, for the Littledean Woodside Colliery, Cinder- 
ford, and is specially adapted for grinding and pugging 
fire and other clays, bricks, flints, &c. The mill is 
provided with two curved brackets of tee-section, re- | 


curved brackets are connected in the centre, and pro- 
vided with a bush in which the upright shaft of the mill 
works. The joint is secured by four { in. bolts with nuts 
and lock nuts. The pan, which has an unusual amount of 
dish on the sides and centre, is stiffened round its upper 
edge with a heavy ring. The object of giving an in- 
creased dish to the pan is to reduce the tendency of the 
mill to throw out the material when being driven at a 
high speed. On the bottom of the pan is bolted a strong 
bevel wheel by six countersunk headed bolts. The 
wheel has six arms and a deep boss, through which the 
upright shaft passes. The latter is provided with a cap 
or ring at its lower end, on which the pan and crown 
wheel rest, the part that extends through the wheel and 
ring being turned and faced, and secured to the wheel by 
akey. A hole 3 in. in diameter by 6 in. long is formed 
in the bottom of the shaft to receive a hardened steel 
pin prevented from turning by a tee-headed bolt screwed 
into it, and fitting in a slot cut inthe upright shaft. This 
pin works into an adjustable bearing consisting of two 
cylindrical cups. The inner, which is bored larger 
than the pin, has a hardened steel disc placed at the 
bottom and held by apin. Thiscup drops inside a second, 
which has a square base and holes for the holding-down 
bolts, and through the centre of which a wrought-iron 
wedge passes, by means of which the necessary adjust- 
ment is obtained. The underside of the inner cup is 
slotted to receive the wedge. The crushing gear consists 
of two rollers, each 3 ft. 6 in. in diameter, 15 in. wide 





ceive it, 





placing the usual crosshead, side frames, and strut. These | 











on face, and weighing 30 cwt. each. These rollers do 
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not run in the same track, but one works on the inner 
and the other on the outer edge of pan, wearing evenly 
the heavy false bottom which is fitted in the pan. A 
strongly-ribbed cast-iron .crosshead is provided with 
socket ends, into which the wrought-iron cross-arms fit, 
that form the axes of the rollers. These latter are 
kept in their respective positions by means of collars, 
which on the bracket side are made with oblong ends to 
work in the slots of the brackets, and allow the rollers to 
rise and fall, any tendency of the cross arms to twist 
round being prevented by means of set screws in the 
end collars. These machines can be filled and discharged 
mechanically if desired. Where manual power is em- 
ployed a large wrought-iron shovel mounted on a column 
with a jointed lever is employed. Wrought-iron ad- 
justable scrapers are supplied fixed on wrought-iron bars 
for cleansing the rollers and pan, as shown in the draw- 
ing. The mill is driven direct through a bevel gear and 
clutch by a 10-horse power engine. The engine hasa 
10-in. cylinder, 14 in. stroke, and is bolted to the boiler as 
shown. The boiler is 10 ft. high, 4 ft. in diameter, 
and is provided with 24 tubes 2} in. in diameter. 





Paris MerTropoutraN Rartway.— The Municipal 
Council of Paris has appointed a commission to ag Ame 
eral question of a metropolitan railway for Paris. MM. 
th, Rensshtaventien, Outin, and line have been 
appointed members of this commission. - 


Grora1a.—Georgia is aglow with a project for the esta- 
blishment of direct trade with Europe. The scheme com- 
prehends both an exportation of the surplus cotton, rice, 
and lumber of the State direct to Europe, and an importa- 
tion in return of the manufactures of Europe and also 
immigration from Europe. The Legislature of the State 
will be asked to vote an annual appropriation of 60,000 
dols. to a proposed line of steamers from Savannah to 
Liverpool 
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THE SOCIETY OF TELEGRAPH 
ENGINEERS. 
Inaugural Address yy Proressor ABEL, F.R.S., 
‘resident. 


(Concluded from page 137.) 

One of ae eee absolutely gpl materials of 
organic origin, though occurring in the mineral kingdom, is 
the solid product of the distillation of peat and of certain 
descriptions of coal or bituminous minerals; which also 
exists in many varieties of petroleum or mineral oils, and is 
known as parafiin, or as fossil-wax, hatchitin, and ozokerit, 
in its native forms. This substance, which, during the last 
30 years, has passed from the obscure position of a chemical 
curiosity to the foremost rank among important chemical 
products, thanks to the practical deve —— of the results 
of pure chemical research, is po of high insulating 
power, and has consequently received some useful applica- 
tions in connexion with telegraphy ; among others, as a ready 
means of producing good joints; but it is deficient in cer- 
tain characteristics indispensable in a dielectric for covering 
wires, and attempts to apply it as such in various ways have 
led to no satisfactory result. It was noticed several years 
ago by myself that india-rubber and gutta-percha could be 
readily dissolved in melted paraffin, and preparations were 
thus obtained which appeared promising not only as cheap 
waterproofing materials but also as insulators, a promise 
which, with regard to the latter application, was not veri- 
fied. Mr. Mackintosh applied the masticating process to 
the incorporation of the gums with paraffin, but it does 
not appear that his efforts thus to obtain serviceable 
insulating preparations stood the test of actual practice. 
A few years afterwards, when the native paraffin known as 
ozokerit had acquired importance in candle manufacture, 
Dr. Matthiessen experimented with that material, and, 
more especially, with a black residue of high melting point, 
furnished by the partial distillation of ozokerit ; by heating 
them together with gutta-percha and india-rubber he 
obtained preparations of high insulating power, and con- 
siderably superior in point of hardness to those produced by 
Mr. Mackintosh and myself ; unfortunately, however, they 
speedily became brittle and useless for telegraphic purposes. 

But in 1875 Mr. F. Field, F.R.S., an eminent chemist, 
working in conjunction with Mr. Talling, a well-known mine- 
ralogist, succeeded in producing mixtures of the black 
ozokerit product with india-rubber which appeared quite free 
from the defects exhibited by Dr. Matthiessen’s prepara- 
tions. This they accomplished either through the agency of 
a solvent, or, preferably, by masticating the substances to- 
gether at the lowest possible temperature requisite to 
reduce them to a plastic condition. The mixtures of india- 
rubber with very large proportions (even 90 per cent.) of 
the ozokerit, when obtained in this way, are possessed to a 
remarkable extent of the physical characteristic of india- 
rubber itself, though they are, of course, much softer and 
more plastic. They are not rendered brittle by long-con- 
tinued exposure to cold, and appear to be improved by time 
in regard to hardness combined with toughness. The 
results of tests, as regards insulation and inductive 
capacity, to which wire-coatings of this preparation have 
been submitted, compare very favourably with those given 
by india-rubber and gutta-percha, and there appear good 
grounds for a the belief that these preparations 
will prove very valuable for telegraphic purposes, more 
especially as india-rubber is very likely to be effectuall 
protected from change by its intimate incorporation with 
the thoroughly stable substance, paraffin. 

I have been led into such discursive discussion of the 
connexion of chemical science with two subjects of great 
interest to the telegraph engineer, that I must content 
myself with simply referring to one or two other directions 
in which chemical knowledge cannot fail to benefit those 
engaged in the profession. I need scarcely point out that 
the improvement and the management of batteries, subjects 
of primary importance to the telegraph engineer, cannot 
be properly grappled with in the absence of sound chemical 
knowledge, even though much mechanical detail is involved 
inthem. The members of this Society have had recently 
so excellent an opportunity of becoming fully impressed 
with the value of the application of chemical science in 
these directions, by a perusal of Mr. Sivewright’s valuable 
paper ‘‘On Batteries and their Employment in Tele- 
graphy,” and of the other papers, and the instructive dis- 
cussion which it elicited, that it will suffice for me simply to 
recall the importance of this subject to their recollection. 
Other matters of interest and importance upon which com- 
munications have been made to the Society, resulting in 
instructive discussions (e.g. the decay and preservation of 
tel ph-poles, the preservation of fibrous materials used 
in the construction of submarine cables, the production of 
juints, the protection of cables against ition of vegetable 
animal growth), have also afforded illustration of the 
nefits which the telegraph engineer may derive from the 
fruits of applied chemistry. 
on aety, I will venture still to detain you by a trifling 
ustration of the unexpected manner in which problems 
iat, a z ~ Page a - pa electrician’s 
irs, é solution of which it is indispensable that 
pe knowledge should be brought to bear. 

@ paper contri to the Society by one of its more 
prominent members, Lieutenant-Colonel Gtotherd, R.E., 
on electric fuzes, that officer pointed out that certain 
defects in point of permanence, and certain difficulties con- 
nected with the electrical testing, of the “ phosphide” 

h-tension fuze known by my name, had led me to con- 
struct another form of high-tension fuze ially for 
submarine mini i i ing and 





» two substances i 
freedom from liabili idati wecric caer ny | 
and oth m. = hecho wed Legeey org 
the older 


like thove of 





one, consisted of two fine copper wires, arranged parallel, 
and embedded at a distance of 0.05 in. apart in an insulat- 
ing column, which, in the new fuze, consists of a mixture 
of Portland cement with sufficient sulphur to allow of its 
being melted and cast in a mould, ucing a very rigi 


support, upon which the priming composition can 
consolidated over the slightly projecting terminals of the 


copper wires or poles by the application of considerable 
pressure, the electrical resistance of the fuze being 
regulated by the degree of compression of the composition. 
This cast column or insulating supportof cement was adopted 
in place of the gutta-percha used in the old fuze, because the 
want of rigidity in the latter material did not permit of the 
attainment of uniform and permanent compression of the 
priming composition. This so-called ‘“‘submarine fuze”’ 
having furnished very satisfactory results, a number were 
supplied to different military stations for submarine wining 
service, but, after a considerable time had elapsed, many o' 
them were found to have fallen oe 4 greatly in resistance ; 
thus, the average resistance of the fuzes being 15,000 ohms, 
many were found to have only a resistance of 300 or 400 
ohms, and one or two had fallen even below 50 ohms. The 
careful dissection and examination of these fuzes afforded at 
first no clue whatever to the cause of this change. The 
graphite-fulminate mixture appeared unaltered in compact- 
ness and was unchanged in composition ; and on being 
removed from the altered fuzes and applied as priming 
material in new fuzes, the resistance of these was the same 
as if new composition had been employed. Mr. 
Brown, a member of this Society, who has done good work 
in applied electricity, was deputed by me to unravel this 
mystery, and soon fathomed it. An examination of the 
interior of the small pillars of cement, which appeared from 
the exterior perfectly solid throughout, revealed the exis- 
tence in many of them of very minute hair-line cracks, or 
fissures, nee errr me right across the space between 
the enclosed small copper wires, and evident caused by 
unequal contraction of the wires and the cement when the 
latter had been cast round the former. These minute 
fissures would of themselves not have affected the electrical 
character of the fuzes, but the surfaces of many of them 
were observed to be dark coloured, this colouration 
proved to be due to sulphide of copper. The penetration 
of air, and with it the ever-concomitant moisture, to the 
interior of these little columns, established, in course of 
time, chemical action between the sulphur in the cement, 
the copper surfaces, and the atmospheric oxygen; the 
resulting sulphate of copper was slowly conveyed by the 
moisture and the capilliary action of the minute cracks 
along these on either side, _—s afterwards reduced by 
the sulphur in the cement to sulphide, with which the 
fissures became coated until it formed one or more complete 
bridges between the copper-poles. Thus the high-resistance 
bridge, or the fuze proper, was in course of time com- 
pletely cut out of circuit by the formation of one or more 
very *perfect though minute Statham fuzes, of compara- 
tively high conducting power, in the head of the fuze itself. 
Chemical knowledge, ving been instrumental in dis- 
covering this unsuspected source of failure, at once provided 
the remedy ; fine wires of platinum, upon which the sulphur 
aided by air and moisture, has no action, were substitute 
for those of copper, and the permanence of the fuze was 
secured. 

The intimate connexion of chemistry with applied elec- 
tricity might be exemplified by many other illustrations 
taken from the experience of those who have devoted them- 
selyes to the development of the science and practice of 
submarine mining, whose labours are, in many respects, 
akin to those of the telegraph engineer, and who (so far as 
England is concerned) have become affiliated with the 
members of that profession through the medium of this 
Society. 

The endus length which my address has reached forbids 
my entering upon any discussion of a subject which, how- 
ever interesting to myself and to some members of the 
Society, only borders on the sphere of action of the 
telegraph engineer, although there can, I think, be no 
question that the elaborators of torpedo service in England 
have already, by some of the results of their studies and of 
their very varied though limited rience, repaid in a 
measure the invaluable aid derived by them from the 
knowledge and more extended experience of the telegraph 
engineer. 

he interest which I naturally take in that branch of 
applied electricity, which is destined to play a most 
important part in any future war, and to the elaboration of 
which—as an indispensable auxiliary to our natio: 
defences—I have, during the last twelve years, devoted my 
best energies, in cordial co-operation with the Royal Navy 
and the ve matens, tempted me much to select it as 
the theme of my address this eveni I venture to hope 
that in resisting this temptation in favour of the cause 
which I have pleaded, namely, the intimate connexion of 
chemical science with the profession of the telegraph 
engineer, and the importance of its cultivation by those 
who devote themselves to the advancement of that rape 
sion, I have, at any rate, evinced my earnest desire to per- 
form some little service in testimony of my appreciation of 
the high honour which has bgen conferred upon me by this 
its representative Society. 





THE TESTING OF PORTLAND CEMENT, 
A PAPER on this subject, by Mr. I. J. Mann, assistant 
engineer, Port and Docks Office, Dublin, will be found in 
the first part bw the session 1876-77 of the ‘‘ Minutes of 
issued. 
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from a small hopper-headed shoot into a counterpoised 
measure of known capacity, usually referred to the im- 
perial bushel. Weighed after this manner, Portland cement 
varied from 78 Ib. to 100 1b. per cubic foot, and bore a very 
uncertain ratio to its strength, as was evident from nume- 


rous experiments made by th thor, a 
Grant and Mr. Colson 4 Minutes of Preantens Institution 
»” vols. xxv. 


- To enable - to be moron 
: sim vimeter. 
consisted of a small glass vessel holdi » when filed to 
a mark on the neck, a given quantity of liquid, and of a 
glass pipette furnished with a graduated stem and - 
and containing, when filled toa mark on its w extre- 
mity, a volume of liquid equal to that held by Py ate 
tioned vessel, minus the quantity displaced by 1000 grains 
of the densest substance intended to be examined. In usi 
the gravimeter, the pi was filled to the mark with 
; 1000 grains of the cement were then introduced 
into the smaller vessel, which was placed under the pipette 
and filled to the mark. The height of the column of liquid 
remaining in the pipette determined the specific gravity, 
which could be at once read off on the graduated stem, 
the result of about fifty experiments it was ascertained that 
the s ¢ gravity varied from 2.77 to 3.03, the average 
being = = owing Lo Portland cement was heavier than 
ding stone. 
The dogre of pulversation at present demanded varied 
greatly. ente showed that coarsely-ground cement, 
when ganged neat, generally ter tensile 
8 th t finely ground cement, the of the sam- 
= being seven days. After one month’s immersion the 
reaking weight of 2} square inches was, for fine screened 
cement, 939 lb., and for coarse unscreened 989 Ib. When 
the age of the samples was six months, the results were 
similar. In the case of cement containing not more than 
10 = cent. of coarse particles, it was found that they 
might be replaced by sand without affecting the strength of 
the aggregate; beyond 10 per cent. the results were in- 
creasingly in favour of the coarse particles as compared 
with the sand. In order to ascertain the effect of coarse! 
ground cement on mortar, experiments were made wit 


cement of various degrees of coarseness and sand gauged 
in equal volumes. From these experiments it ap; that, 
when diluted with an equal volume of sand, coarse t 
did not give such favourable results as fine. In many in- 


stances cement con 25 per cent. of coarse cles 
possessed little more than one-half the tensile strength of 
mortar gauged in the same p ions with fine sifted 
cement, the of the — being four weeks. On the 
whole, the author believed that cement, of which not more 
than 10 per cent. was stopped by a sieve with perforations 
#5 in. in diameter, ag 4 approached the present econo- 
mical limit of grinding. In connexion with what might be 
called mechanical egency, experiments been made on 
the effect produced by sands of different degrees of granu- 
lation on the strength of cement mortar. These tests 
showed that extremely fine sand diminished the tensile 
strength to less than one-half of that of mortar made with 
coarse sand. 

_ The test of tensile strength was of all others the most 
important, and if properly applied, not only to the cement 
in its neat condition, but when diluted with sand, 
would answer all practical purposes. The method of making 
the sample briquette to a great extent determined the 
bre: weight. The author recommended that the cement 
should } ked closely into the mould, heaped a little 
higher in the centre than the edges, and pressure applied, 
by which pressure superfluous water was forced out, and 
the strength of the sample was increased 25 per cent. The 
least possible quantity of water should be used in gauging, 
the best test blocks being made with from 6 oz. to 7 oz. of 
water to 32 oz. of cement. The shape of the sample bri- 
quette was also capable of improvement, as the i 

strains F pg by the clips holding the sample, which 
clips had a tendency to collapse, led to crushing strains. 
To avoid the use of clips, the author had holes ‘drilled in 
the samples and the narrow part reduced in area, with a 
view to prevent fracture through the eyes. A compari 
between samples of the ordinary shape broken with clips, 
and of others having ci ends, broken with steel 
passed through eyes, showed an increase of nearly 20 per 
cent. in favour of the evens shape. In to the age 
at which the sample briquette should be en, it was 
r that, generally, cement sets with sufficient 
quickness to enable its a gealy to be determined by the 
seven-day test, but the difference in the strength of seven- 
day and twenty-eight — samples was found, from numerous 
experiments, to be about 20 per cent. The standard of ten- 
sile strength specified at the commencement of the London 


Main D hetay Seep stew ron | ight of 400 Ib., on 
an area of 2.20 square inches (equal to about 178 Ib. square 
inch), after seven days’ immersion. At peony 4 tensile 


pat ip red 350 1b. per square inch was frequently demanded 
and obtained. In} the author’s pe me a Varengtl of 
from 400 Ib. to 500 lb. per square inch after seven days’ 
immersion, was not uncommon, and in some instances it 
rose to 600 lb. per square inch. The average of a Ly 
number of tests within the last three years had been 380 
after seven days, and 450 lb. per square inch for twenty- 
eight day samples. 





Tue MississiPP1.—Captain Eads, engineer of the Mis« 
sissippi improvement at South Pass, has secomplihed the 
i channel 


stage of by 
through the bar to 20 ft. for a width of 200 ft. The 
success which has attended this work enco Captain 
Eads in the ho a channel 30 ft. for the 
largest c would 


pe of i 
vessels. With sucha hannel New Orleans 





take her place among the chief commercial ports of the 


flow ' United States. 
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NOTES ON TORPEDOES.—No. XV. 
Eectro-Contact TORPEDOES. 
Ir is not our intention to attempt here an ex- 


haustive description of the various apparatus that 
have been invented and patented from time to time 
in connexion with purely electrical torpedoes, for 


were we to do so their number would, we feel 
assured, weary the patience of even those of our 
readers most interested in all relating to this class, 
its development and application to maritime war- 
fare, for certainly—to use a time-worn phrase—their 
name, or, to speak more correctly, their number is 
legion ; their value too extends over as wide a field 
of difference as does their relative efficiency, though 
it by no means follows that the most expensive 
must necessarily be the best; indeed, if this were 
so there would be a vast disparity between the 
elaborate and costly circuit-closers approved by the 
British Government and the simple contrivance 
recently patented in America intended to accomplish 
the same results, and which is said to cost only five 
shillings. 





Cxass IT, oP 

Judging from recent experiments, it would appear 
that pp practice charges exploded in contact 
with a vessel are likely to prove far more effec- 
tive than heavy ground or buoyant mines, hence 
Mathieson’s contact system is entitled to some at- 
tention. This system has, however, one obvious 
defect, the want of efficient provision for readily 
testing the cables and fuzes of each individual 
charge ; since having put down say fifteen hundred 
of these charges, the question would naturally 
enough present itself of, ‘‘ How are we to ascertain, 
beyond the age | of af{doubt, that this line of 
obstruction on which we have expended a large 
amount of capital and labour is indeed an obstruc- 
tion? How satisfy ourselves that no flaw exists 
sufficient to render perhaps one, perhaps a dozen, 

erhaps all entirely useless? Certainly Mathieson 
oes done much to mitigate this defect in his late im- 
provement—to which we shall revert again later 
on—but much yet remains to be accomplished be- 
fore it can justly be qualified as a first-class electrical 
torpedo, 
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It is, therefore, impolitic that we should dwell 
longer on this class of torpedoes than is really 
necessary in order to convey a definite idea of the 
various apparatus employed, their functions and 
manipulation ; this we venture to hope has been 
accomplished, not, be it understood, fully and com- 
pletely, but in a general sense; were we to aim at 
more we should probably, as previously observed, 
tire the interest of those of our readers not under- 
going special training as torpedo operators ; to these 
latter, of course, no description of minor details 
could be too elaborate. And besides, it is not so 
much the mastering of details by the manipulator 
that constitutes the efficiency of a system of moored 
torpedoes as the arrangement and government of 
that system, for if found wanting in these two 
7 no amount of electrical skill would avail to 

€ it effective, the ae me being wrong at the 
very basis ; hence, if the arrangement, or, properly 
speaking, the system itself, is defective, then the 
whole defence, as far as efficiency is concerned, must 
necessarily prove a failure. 

Though we have described in the precedin 
chapters those instruments specially connected wit 
what we have chosen to designate ‘Class [. of 
Electrical Torpedoes,” we shall yet have occasion 
to revert again to this class in summarising those 
appliances common to all electrical torpedoes, also 
in showing the manner in which the several classes 


are brought to act in conjuncti ith each 
for the defence of a tedtbent or corer, eee 
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The electro-contact system consists of a number 
of buoyant torpedoes moored either in lines or in 
groups; they are exactly similar in form and con- 
struction to Mathieson’s buoyant circuit-closers, the 
only difference being that the galvanised iron case 
is made of sufficient capacity to contain, in addition 
to the circuit-closing apparatus and bursting shell 
in which are the fuzes and gun-cotton disc, a charge 
of 100 lb. of compressed gun-cotton, Each charge 
is complete in itself, and when fired is disconnected 
automatically, in order to prevent the waste of 
electricity that would otherwise take place through 
the shattered end of the cable. 

Fig. 66 illustrates the original method of moor- 
ing these charges: A is the buoyant vessel con- 
taining the explosive, circuit-closer, and bursting 
shell, B a length of 2-in. Bessemer steel wire 
rope for attaching it to the cast-iron mushroom 
anchor C, D a length of single core electric cable 
branching from the T-junction box E, in which is 
placed the disconnector, and F the line cable lead- 
ing from the firing station. This system possesses 
an advantage over purely mechanical torpedoes in 
the respect that they may be rendered safe for the 
passage of friendly vessels, but, as their name im- 
plies, they can only be fired by actual contact with 
a passing ship. They should be moored about 1O00ft. 
or 120 ft. apart in order to avoid the possibility of 
the explosion of one interfering with those adjacent 
to it. 

Fig. 67 shows a sectional elevation of the buoyant 








charge case with circuit-closer and bursting shell 
complete : A is the wood jacket, B the hoisting ring, 
C the cast-iron —e “. to which is. attached 
the mooring ring D, E the electric cable, F the air- 
tight case, constructed of No. 18 gauge galvanised 
iron, for containing the osive, the circuit- 
closing apparatus, and H the bursting shell, 

Fig. 68 is a sectional elevation of the bursting shell 
and circuit-closer dome, the circuit - closing me- 
chanism having been described in a previous article 
is omitted ; A is the brass circuit-closer dome, B the 
bursting shell, also of brass, screwed on to a suitable 
projection on the upper part of the dome, C C are 
platinum wire fuzes connected in the manner shown 
to the insulated wires E E passing through two 
ebonite plugs to the circuit-closer, and D Professor 
Able’s priming disc of compressed gun-cotton. 

Fig. 69 is a sectional elevation of an .ebonite. dis- 
connector. This disconnector consists of an ebonite 
body 14 in. in diameter, and 1} in. high, surmounted 
by a small circular projection } in. in diameter, and 
in. high, screwed to receive an ebonite cap 1 in. 
exterior diameter, and 3}in,. high, a small gutta- 
percha washer, placed between the projectin 
of the body and the cap, preserving the interior 
air-tight. Above the screw projection again isa 
small cylindrical ponte }in. in diameter, and 

in. high, over this a small an Se of ebonite, 

in, exterior diameter and | in. high, is fitted; the 
conducting wires, which are carefully insulated 
from each other, pass through the ebonite bod: 
and project about # in. or } in. into the smail 
ebonite cap, the other extremity of the wires ex- 
tending about 6 in. below the ebonite body, and 
insulated to yy in. with india-rubber. The ends 
of the wires projecting into the ebonite cap having 
been well scraped and tinned, are connected one 
to the other by a bridge of platinum wire about 
in. in diameter, and }; in. long, which is 
carefully soldered between them; a film of gun- 
cotton is then placed round the wire, and a 
little granulated gun-cotton placed in the small cap, 
which is then fitted into its seat, care being taken 
that two small holes drilled horizontally ugh 
the cap shall come between the two projecting ends 
of the wires and below the platinum wire bridge ; @ 
small wooden pin is then pressed through the holes 
and cut off flush with the exterior of the cap, the 
outer cap is finally put on and screwed hard down 
on to the gutta-percha washer. These disconnectors 
when completed in the manner described are tested 
electrically under 50 lb. pressure of water to ascer- 
tain if they are air-tight ; they should also be tested 
for continuity and cross circuit from wire. Now it 
is obvious that when the film of gun-cotton is ignited 
by the heating of the platinum wire by the electrical 
current, the expansion of the gases will force off 
the small ebonite cap, and by so doing break the 
platinum wire bridge by means of the wood pin 
which is passed through the cap immediately beneath 
it. The connexion between the shattered cable and 
line cable is thus broken, while the outer cap being 
sufficiently large to allow of the expansion of the 
gases is not effected but still retains the interior air- 
tight. Referring to our illustration A is the ebonite 
base, B the small ebonite cap, C the outer cap, D 
the wood pin, E E the insulated wires, F the 
platinum wire bridge, and G the gutta-percha 
washer. 

Fig. 71 is a sectional plan on X Y, and Fig. 70 is 
a plan of the bottom. 

rom the foregoing it will be evident that very 
much of the efficiency of the system depends on the 
outer case remaining uninjured by the explosion 
necessary to displace the small internal cap, hence 
great care must be taken not to overcharge it, but 
merely to put insufficient powder or gun-cotton to 
unseat it. It has been thought expedient in some 
instances to make the outer shell of cast iron, as 
being less liable to fracture ; this plan appears to 
meet with general approval in the British service, 
while those constructed entirely of ebonite are 
looked upon with suspicion. 

Fig. 72 is a sectional elevation and plan of the 
cast-iron guard: A is the ebonite body of the dis- 
connector, B the cast-iron shell, C a hexagonal screw- 
plug, and D a gutta-percha washer. 

Fig. 73 shows the method of connecting the dis- 
connector with the line and branch cables, and is too 
obvious to need specification. The action of the 
‘‘ disconnector” is very simple and will be readily 
understood. When the system is in perfect order 
and the shore end of the line cable connected with 
the battery on shore, the voltaic current flows 
through all the conductors to the several circuit- 
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closers where it is insulated by the small space inter- | an elaborate oa of the celebrated ‘‘ Sligo” char- | 68,600 Ib. per square inch, the minimum 
between the contact dise and springs; but | coal firebox and boiler plate iron, bars and forgings, | 60,000 Ib., and the maximum 83,000 lb. Upon 
on the concussion of a passing vessel with one of the | tastefully arranged, in part upon a draped screen, | the whole, the exhibit made by Brown and Com- 


torpedoes the circuit of that particular charge is 
closed y the bridging over of the small space be- 
tween the contact points, thereby permitting the 
voltaic current to flow to earth through the fuzes 
and so exploding the charge ; almost simultaneously 
with this explosion the platinum wire bridge of the 
disconnector becomes sufficiently heated by the pas- 

of the electric current to ignite the gun-cotton 
aot panes, the explosion of the latter unseating 
the small ebonite cap, and thereby—owing to the 
small pin which passes horizontally through the cap, 
fmmediately below the platinum wire bridge—break- 
ing the bridge and so destroying the = connexion 
between the line cable and the cable of the exploded 
charge. The firing of the torpedo fuze before the 
cutting of the charge out of circuit by the discon- 
nector is insured by making the platinum wire 
bridge of the fuze slightly shorter and of finer wire 
than the bridge of the Epccunesten, so that being 
more sensitive it assumes a red heat rather sooner 
than that of the disconnector. 

The introduction of the disconnector, which is 
really a very ingenious idea, has done much to 
simplify the putting down and management of a 
system of light moored torpedoes ; indeed, were it 
necessary to employ a separate conductor for each 
individual charge the unavoidable crossing and re- 
crossing of the cables would form such a complicated 
network that their probable performance at any 
critical juncture wll be, to say the least, very 
uncertain, not to mention the difficulties that would 
have to be contended with in raising for examina- 
tion a cable in which a leakage had been discovered ; 
of course it would be ible to substitute circuit- 
breakers for circuit-closers and employ multiple 
cables and junction boxes, as in the system of heavy 
ground charges, but then this would preclude the 
necessity for using disconnectors, and so do away 
entirely with the original simplicity of the mooring 
arrangement which constitutes its chief feature, 
Something, however, of this idea is embodied in 
Mathieson’s late improvement, wherein he employs 
a junction box—similar in general outline, only 
larger, to the multiple junction box described in 
our last article—in which are fitted seven discon- 
nectors ; to these disconnectors are led the several 
conductors leading from the buoyant charges 
forming the group ; each of the disconnectors is also 
in electrical connexion with one extremity of a 
single core cable running from the firing station and 
terminating at the junction box. The advantage 
claimed for this system is that it permits of the 
junction box being raised for periodical test to be 
made of the continuity and insulation of the several 
conductors; nor is this a small advantage, for 
although in the original system it is easy enough to 
ascertain the fact of there ere | a leakage, should 
one exist, by means of a small test battery and 
galvanometer, the difficulty is to ascertain the posi- 
tion of the fault, a difficulty which only those who 
have experienced the discomfort of freppling for, 
pee Neg lowering cables on a cold winter's day, 
can fully appreciate. 





IRON AND STEEL AT PHILADELPHIA. 
MANUFACTURES AND WORKS IN THE UNITED STATES. 
By A. L. Hottey and Lenox Smiru. 

No. VI.—American Exutsits, 

In a succeeding series of articles it is proposed to 
describe the leading iron and steel works in the United 
States, illustrating the descriptions by engravings 
of the general plans and arrangement of the more 
important establishments, and of the plant and 
mechanical apparatus which present features of 
unusual interest and importance. The exhibits of 
such of the works as were represented at Phila- 
delphia will also be mentioned incidentally, as prac- 
tical exponents of the present state of the art in 
America, Any general remarks, however, upon 
the extent and development of the iron interests of 
the United States, will be med until the close 
of the descriptions, in order that the justice and 
correctness of the conclusions drawn therefrom may 
be tested. 

In the present article, however, certain important 
American exhibits will be described, without refe- 
— . the sad Uedeed, — of the works in 
w ey were u as these possess no 
features of Pen cone novelty or interest. 

Phillips, Nimick, and Company, Pittsburgh, made 





the remainder being distributed within a space en- 
closed by a beautiful fence of polished iron bars, 
varying in diameter from half an inch to an inch, 
a knot being tied cold in each railing; an arch 
composed of polished bars knotted cold was sprung 
over the entrance. The display was very complete, 
and contained many striking proofs of good oo 
and careful and skilful wor ship. A disc of 
din. iron, 106 in. in diameter, and having a tensile 
a of 64,000 Ib., was very smoothly finished. 
A welded expansion joint for water pipes, having 
an inside diameter of 4 ft. 6 in., is an exceptionally 
creditable piece of flanging and plate welding. As 
specimens of difficult ging, a number of head 
sheets were shown, and some specimens of flanging 
on complex shapes; these constitute interesting 
proofs of good quality. The red-short punching 
tests were numerous and creditable, the most ela- 
borate consisting in punching with a two-inch punch 
—_ 10in. or 12in. square and jin. thick, and 

nging the holes out to 6 in. or 7 in. diameter with- 
out breaking the edges or causing lamination; and 
as a further test of quality, strips chiselled from the 
four sides of the punched plates are drawn out hot 
into wires about ,, in. thick, the wires being polished 
and then bent back at the corners of the plates and 
knotted cold. 

Among the most interesting tests of cold-bending 
which were shown is one consisting of a bar 4 ft. 
long, 9 in. wide, and 4} in. thick, polished, and then 
bentcold to a circle 4} in. diameter inside, without de- 
veloping the slightest tendency torupture. A number 
of 3 in. and 4 in. bars with deep screw-threads cut 
upon them from end to end, were also shown, bent 
cold to short curves without cracking in the slightest 
degree. A number of large slabs for boiler plates 
demonstrated the smoothness and solidity of the 
iron before rolling, and some polished cubes and 
bars illustrated the absolute freedom of the iron 
from specks and flaws. 

The exhibit upon the whole demonstrated the 
toughness, strength, and working qualities of the 
iron, both in the hot and cold states, and the diffi- 
cult shapes of some of the forgings showed good 
workmanship and skilful manipulation. 

The Sligo iron has much the same reputation in 
America as the Low Moor iron has had for so many 
years in England. 

Brown and Company, of the Wayne Iron and 
Steel Works, Pittsburge, made a beautiful exhibit, 
attractively arranged, showing the successive stages 
from the ore to the finished product, in the form of 
bars and plates, of the brand of “ U.S.” iron manu. 
factured by them. 

The exhibit was enclosed by a railing of polished 
iron, } in. in diameter, drawn cold into knots at fre- 
quent intervals, and was remarkable for the number 
and variety of tests shown. Among the more conspi- 
cuous features of the display, and which indeed 
attracted a great deal of attention among -e 
were a large number of elaborately flanged head- 
sheets and plates flanged both with and against the 
grain, which prove a quality of material and cha- 
racter of workmanship of unusual excellence. 

The principal cold-bending specimens were some 
34 in. bars having a ps screw -threads with # in. 
pitch cutin them, and several bars of the same size 
with V-threads ; these were bent cold to a circle of 
8 in. inside diameter without developing the slightest 
tendency to fracture. 

An analysis of this iron, which is interesting in 
this connexion, is given below : 








Analysis of United States Brand Iron Professor 

George Hay, Analytical Laboratory, Allegheny City. 

—_ Plate. Bar. 

Iron on wa 99°421 99.710 
Combined carbon "383 é 
Graphitic carbon trace jminute trace 
Silicon... we 082 - 032 
Sulphur ... minute trace -001 
Phosphorus 063 071 
Manganese 029 069 
Aluminum... ove --|minute trace|minute trace 
Copper... ost sn oot -003 
Minute traces of other matter, 

loss, &c. wid ret éve 019 .018 











Some experiments on the strength of } in. United 
States boiler iron, made by C. A. Uber, Esq., U.S.N., 
inspector of the Louisiana Bridge, show the ave- 
rage tensile strength of eight specimens to be 





pany was creditable and instructive in many re- 
spects, the —— shown constituting a very 
forcible proof of the strength, purity, and tough- 
ness of the material. The ores employed in the 
manufacture of the iron are very pure, selected, 
brown hematites from Pennsylvania; they are cal- 
cined and smelted with cold blast, and as Messrs, 
Brown and Company own the mines, and as every 
detail of practice in the processes of manufacture ig 
under their immediate charge at their own works, 
they are enabled to maintain the high reputation for 
uniform excellence of product which has been fairly 


earned by them. 

John Roach and Sons, shipbuilders, Chester, Penn. 
sylvania, exhibited, besides a number of draughts 
and models of ships, some forged and rolled speci- 
mens of iron. The prominent features of this dis- 
play were : 

1, An armour plate 123 in. thick, 3 ft. 8 in. wide, 
and 10 ft. long, which was shown as a sample of 
the plates to be used in the construction of the 
Puritan. The plate is planed on the edges to show 
sound welding, and the surface is uniformly free from 
flaws and imperfections, Other than this apparently 
good welding there was no test of quality. 

2. An iron boiler head-sheet, 106 in. in dia- 
meter, jin. in thickness, and weighing 1045 Ib., 
having four flanged openings, each 24 in. in dia- 
meter. There was also an iron plate 8} ft. wide, 
by 25 ft. long and gin. thick. These plates are cre- 
ditable in respect of size, quality, and workmanship. 
There were also some fine samples of boilér-plate 
welding. 

3. A wrought-iron forged paddle-wheel shaft, 
weighing 53,225 lb., designed for a beam engine 
of 14 ft, stroke and 90 in. diameter of cylinder, 
which is now building at these works. The shaft is 
36 ft. long and 22 in. in largest diameter ; about 
one-third of it is turned, showing great uniformity 
and purity of material. This was the largest forging 
in the American exhibit, and would be creditable to 
any country. There was also a neatly forged crank 
for the same engine. 

The exhibit of Messrs. John Roach and Sons was 
a decidedly creditable one, when it is taken into con- 
sideration that the specimens which were shown are 
not fours de force, but are such as they have turned 
out in filling orders, no preparation having been 
made to exhibit especially heavy forgings, or indeed 
any great number of forgings. 

e Standard Steel Works, Lewistown, Penn- 
sylvania, exhibited crucible steel ingots and punched 
and beaked tyre blooms, besides a number of 
finished tyres of various sizes. There were no tested 
specimens of their products, but the works bear 
a = reputation for the quality of their tyres. 

he Nashua Iron and Steel Company, Nashua, 
New Hampshire, which owns the only rolling mill 
in that State, exhibited a number of open-hearth 
steel forgings, chiefly for railroad and machinery 
urposes. A very creditable specimen of their pro- 
Saas was a steel shaft weighing 7500 lb.—a sound 
and well finished piece of work. This company 
also exhibited tyres of all sizes, railway axles, loco- 
motive cranked axles, and homogeneous firebox and 
boiler plates. The specimens all prove good qualit 
of material and creditable workmanship, althoug 
no large number of tested samples was shown. 

Hussey, Wells, and Company, Pittsburgh, made a 
fine display of crucible steel, including homogeneous 

lates, machinery and tool steel, railway axles, and 
sheets, The exhibit was arranged in a rect- 

an form, some of the lighter forgings and bars 
being fastened to a bar 3] ft. 8 in. long and 4 in. in 
diameter, which was bent into the form of a flattened 
arch, itself constituting a prominent feature of the 
display. The homogeneous plates were flanged in 
many instances, one boiler head of 5 ft. in diameter 
having two flanged flue openings, each 18 in. in dia- 
meter, and another opening 2 ft. 6in. in diameter. 
The tensile strength of the plate is 76,000 lb. per 
inch, This is a highly creditable piece of work 
both in quality of material and workmanship. A 
steel axle, which had been tested by a 1600 lb. drop 
falling 25 ft, and which had been nearly 
straightened by a similar blow from the same 
drop, showed no sign of fracture. In the centre of 
the space occupied by the exhibit, there was a cy- 
lindrical column composed of bars of machinery 
steel from the largest to the smallest sizes, also a 
collection of hardened iron-centre bars, The hot 
and cold bending and folding tests of the plate steel, 
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shown in considerable number. editable. | bluish cast, ite grain is very close and it is in lar, 
sin important and intesasting Sptngeralr ta-qeniasl eantaen whith: apes balla shop spit ourllioe, LITERATURE, 
was the large collection of highly finished sheets of —— 
steel, which deserve special mention on account of Ore Ore Ore Hentiesh to the » Reviews. of Sention, alphe 
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of saw-plates shown constitute the most important 
feature of the exhibit, and are remarkable for their 
high finish, the surfaces being very smooth and 
clean. The exhibit proves excellence of quality 
very conclusively, and as a fair sample of the daily 
product of the works is highly creditable. 

A. Garrison and Co., Pittsburgh, made a remark- 
ably full and excellent exhibit of chilled rolls for 
rolling metals. A stand of rolls for brass, each roll 
weighing 4500 lb., and also rolls for rolling gold 
and silver, were shown. The surfaces of these 
rolls are remarkably free from — and pin- 
holes, A roll for plate iron, the body of which was 
96 in. long, the diameter 31in., and the weight 
25,000 lb., was a very perfect casting; it showed 
no sign of shrinkage, which in so large a — 
instantaneously cooled, it is very difficult to avoid, 
especially where the iron is sufficiently strong to 
stand the strain of actual use. A full-sized model 
of a three-high Lauth’s patent train for rolling 
plate iron was shown; it contained a set of three 
rolls weighing 18,350 lb. To show the quality of 
the metal, a fractured roll was exhibited in which 
the depth of chill is remarkably uniform ; there was 
about 1} in. of solid chill, and the interpenetration 
or ‘‘ sparkling” of the chill extended into the grey 
iron of the body of the roll for the distance of 1 in. 
The centre of the roll indicated great strength and 
uniformity, as wellas freedom from blow-holes and 
flaws of any kind. There are no “plugs” in the 
surfaces of the rolls that were shown, and although 
the specimens are turned on the surface, no imper- 
fections are visible. ‘The exhibit proved in a very 
practical manner very admirable material for manu- 
facturing rolls which combines great strength with 
sufficient depth of chill; it also illustrated high 
finish and good workmanship. The manufacturers 
deserve the utmost credit for having brought a very 
difficult branch of the art to great perfection. 

The Woodstock Iron Company, Anniston, Ala- 
bama, made a remarkably comprehensive and in- 
structive exhibit of ores in great variety, hot and 
cold biast irons, including some seven distinct grades 
of cold blast, and four grades of hot blast iron, also 
fractured car wheels of excellent quality in respect 
of depth of chill and uniformity and strength of 
metal ; and spiegeleisen and slags, together with 
analyses of the ores, iron, and slags. A tested 
sample of No, 2 hot blast metal shows a tensile 
strength of 18,000 Ib. per square inch. 

An especially notable feature of this exhibit of 
ores, from which irons applicable to so many uses 
are smelted, consists in the fact that they are all 
mined from the property of the company ; this com- 
prises 20,000 acres of mineral bearing land, nearly all 
in one body, embracing Blue Mountain, the terminus 
of the Blue Ridge and the valley south of it. The 
property is situated on the line of the Selma, Rome, 
and Dalton Railroad, in Calhoun County, Alabama ; 
its entire width of five miles is traversed by beds of 
ore running north-east and south-west, and lying 
near the surface, with innumerable outcrops, the 
ore being mined in open cuts, and existing in the 
shape of gravel or wash ore intermingled with dark 
red clay, in which are embedded masses of ore 
ranging from | lb. to 50 tons in weight. . The beds 
are from 10 ft. to 20 ft. in depth, and about the 
same in width, the walls being red clay, and the 
bottom clay of a lighter colour. The ore exists 
in practically inexhaustible quantity, and comprises 
some fifteen varieties of brown hematite, many of 
of which were included in the exhibit of the com- 

ny at the Centennial Exhibition. The following 
Table of analyses shows the more important con- 
stituents of the hematite ores. 

Ore No, 1 is bluish brown in fracture and very 
dense and close grained. 

Ore No. 2 is spongy dark brown and contains 
many large hollow lumps known as “ pot ores” 

Ore No, 3 is dark brown in colour with a slightly 

















Another class of ore is very compact, and columnar 
in structure with fibres radiating from the axis of 
the columns. 

The following Table of analyses shows the com- 
position of the pig irons smelted from the ores de- 
scribed above : 
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na a 3 a “3 he 3 
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BS /55| 65/55/83] 8s | 8s 
wa ig@ ie ia" | eo | an ie 
Iron se on” ar 4.13 nase 94.27) 94.83 | 94.61 194.15 
Graphitic carbon } | r } 
Combined ,, ...| 0.93| 0,92 | 0.85 } 4.03) 3.02} 390} 3.06 
Silicon v-| 0.58] 110] 109] 1.10| 1.18] 1.20) 1,09 
Sulphur... ‘oe 0.08 | trace; 0,08 0,01 | trace | trace 
Phosphorus 0.002} 0.08 | 0.10 | 0.08 0.093} 0,086] 0.04 
Manganese .| 0.86 





The ores containing manganese in any large 
amount occur in beds on the extreme east of the 
hematite and occupy a higher level, As far as 
opened the manganiferous beds show a depth of 
30 ft. and average 20 ft. in width. They are em- 
bedded in tough red clay which in turn is walled in 
by very soft grey sandstone. These ores are for the 
most part fine, black, and earthy in appearance, and 
large lumps of blue fibrous hematite rich in manga. 
nese are embedded in them, 

Analyses of several of the richest manganiferous 
ores are shown in the following Table, in which the 
more important constituents only are given : 
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Peroxide of iron ... 52.05 | 64.00 |Nos. land 2 are 
Protoxide of man- fine earthy ores. 
ganese ... bp 29.80 No. 3 is soft 
Sesquioxide of man- oc us ore. 
ganese ... od .. | 20.55 | Other samples of 
Metallic iron 49.65 | 36.43 | 44,83 | these ores are in 
»> Manganese} 20.41 | 23.05 | 14.80| lumps and in 
Silica d bit ae 8.01 | 14.52 | fibres, and in 
some cases the 
manganese is 
crystallised. 

















The spiegeleisen smelted from the above ores was 
obtained from a mixture of two parts fine and one 
part lump ore, and the composition of a number of 
samples of the spiegeleisen is shown in the following 
Table: 




















| 

— |IFIFRIKEIE 

|. 26 | 26 2S 25 £2 

| BA | BA | BA an & 
Manganese 10.17 |17.33 |12.90 | 11.81 | 20.69 
Phosphorus ..| 0.024) 0.047} 0.09 0.05 | 0.19 
Carbon... | 2.68 | 2.10 | 4.007) 4.08) 4.31 
Silicon ... | 0.56 | 1.56 | 0.7 | 0.48| 0.93 
Seas as "86.93 (78.96 |82.22 | 88.58 | 73.86 





The furnace belonging to the Woodstock Iron 
Company was put in blast in April, 1873, and has 
been out of blast but once since that time. It is 
43 ft. high and 12 ft. in diameter of bosh, and is 
worked with a closed top. The average production 
of the furnace is 6000 tons per annum, chiefly cold 
blast pig and spiegeleisen. 

The nearest coals accessible by rail from Anniston 
at present are on the Selma, Rome, and Dalton 
Railroad, and on the Nashville and Great 
Southern route, both fields being distant about 80 
miles. The completion, however, of the Georgia 
Western Railroad from Atlanta will open up the 
Saint Clair coalfields, some 20 miles due west, which 
contain the best coking coal in the State of Ala- 


of space prevents us from reproducing the author’s 
programme as set forth in his preface, but we may 
remark that the promises therein contained are 
more than fulfilled in the text. 

“‘ The district marked out is probably unrivalled 
in scenes of historical interest and personal and 
literary associations; in existing p » manor 
houses, and mansions, and the sites of those that 
have been swept away; in —— and churches ; 
the homes and graves of remarkable men ; in beau- 
tiful and characteristic scenery ; in collections of 
pictures and works of art; in national workshops 
and arsenals, and places of popular amusement and 
resort. How rich and varied are the subjects and 
associations, the lightest draft on the memory will 
determine.” It is not a little singular that a field 
so rich -in valuable materials as this has not been 
hitherto worked. Comparatively little has however 
been done. The ‘‘ Ambulator,” avery small work, 
and Lyson’s “ Environs,”’ a very bulky one, and pub- 
lished in 1791-96, are the only two standard works 
that have been specially compiled, and both these 
have ceased to exist, except in libraries, for three 
quarters of a century. Some seventy years » 
however, a number of so-called guides to the 
London environs were published, but having little 


merit, speedily disappeared. 

The author states in his preface that this book has 
required several years in its preparation. We can 
quite believe this, and that those years must have 
been full of hard work. A good system is adopted 
with the description of each village, town, &c.; the 
opening paragraph containing such particulars as are 
especially useful, Thus: ‘‘ Hamwersmiru, Middx., a 
town and member of the parliamentary borough of 
Chelsea : pop. 42,691. Virtually a suburb of the me- 
tropolis, Hammersmith extends from Kensington 
along the western road to Turnham-green, and by the 
Thames to Chiswick. It is 34 m. Toes Hyde Park 
Corner; the L. and 8, W., the Metropolitan Exten- 
sion, and the N. London Rlys. have stations here: the 
Metropolitan in the Broadway, the L. and S. W. in 
the Grove, and short distance W., and the N. London 
in the Brentford-road, at the extreme W. of the 
town. ‘Till 1834, Hammersmith was a side or divi- 
sion of Fulham par.: it is now the parent parish of 
4 separate eccl. districts.” Then follows the de- 
scription of all the leading features, archeological, 
historical, industrial, &c., of the place. From this 
example it will readily be seen that the work is one 
not only valuable in a literary point of view for the 
interest it possesses, but also as a book of reference, 
and especially for the latter reason it should find a 
place in every library. 





Pioneer Engineering. A Treatise on the Engineering 
Operations connected with the Settlemenl of Waste 
Lands in New Countries. With Plates and numerous 
Woodeuts. By Epwarp Doxsson, Assoc. Inst. C.E. 
London : Crosby, Lockwood, and Co. [Price 10s. 6d.] 

Mr. Dobson has chosen a very good subject for his 
book, and for the most part he has treated that sub- 
ject well. Having himself been for many years 
engaged in “pioneer engineering,” Mr, Dobson is 
familiar with the difficulties which have to be over- 
come in this class of work, and much of his advice 
will be valuable to young engineers procéeding to 
our colonies. ; 

In his first chapter our author deals with survey 
work, treating successively of general definitions, 
field-work, and survey of waste lands, while the 
second and third chapters are devoted respectively to 
levelling and the setting out of circular curves, These 
chapters contain a good deal of information, and 
many useful hints, but there is nothing in them call- 
ing for special remark. 

Chapter IV. treats of the selection of road lines, 
and in it Mr. Dobson states clearly and concisely 
the points which should be kept in view in select. 
ing the route for roads of different classes, his re. 





marks deserving to be carefully read. Of his next 
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PASSENGER STATION, BALTIMORE AND POTOMAC RAILROAD. 
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chapter, dealing with the selection and construction 
of railway lines, however, we cannot speak so 
favourably. In this department, in fact, our author 
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that “‘ with regard to gradients, a gradient of 1 in 
“80 is the steepest that can be advantageously 
“‘ worked with ordinary engines,” are quite irre- 


appears to have got rather out of his element; for | concilable with an adequate knowledge of his sub- 
how else can we explain his advocacy for pioneer | ject. If such precepts as these were followed 


lines of a 


uge of ‘ not less than five feet three | pioneer railways would rarely be made, and still 


‘‘ inches.” His statements, too, that “ as the | more rarely would they pay when constructed. The 


‘minimum weight of the ordinary 


than ten chains radius should never be used, 
“except in cases of unavoidable necessity,” and 
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ini ouble-headed | advantages to be derived from the adoption of a 
“ rail is about 70 lb. per yard,” that “ curves of less | Barrow gauge when o ing up a new and difficult 


country have been fully proved, and it is much to be 
regretted that in a work like Mr. Dobson’s there 
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should be no information how cheap and efficient 
pioneer railways can be practically carried out. 

The next three chapters are very brief, and deal 
er with the storage of water, drainage, 
and disposal of town sewage, the information 
afforded, however, consisting of a mere outline of 
each subject. Chapter IX. treats of the selection 
and location of town sites, and although short, con- 
tains many hints of value derived from colonial ex- 
perience ; while, in the next, our author deals with 
wooden structures, such as bridge-trusses, crib 
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THE PENNSYLVANIA RAILROAD; STATION 


AT JERSEY CITY. 
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work, &c. Some of Mr. Dobson’s instructions, 
however, are open to question, as, for instance, his 
statement that the thickness of ‘‘ nuts should not be 
a less than two diameters,” and his further remark 
that in applying tension rods to form trussed beams, 
the length of the saddles should be so adjusted that 
‘‘ when the beam is screwed up to its proper camber 
“ the tension rod will assume the catenarian curve. 
“Tf this be not attended to, the beam will drop 
oo under a heavy load until the rod takes this 
* curve.” 

Next comes a brief chapter on pile-driving, fol- 
lowed by one on masonry, and another on tun- 
nelling, while, finally, we have chapters on specifi- 
cations and contracts, and on office work, each 
containing useful hints. Altogether, although we 
differ from Mr. Dobson on many points, we have a 
pleasure in commending his book to those seeking 
employment in new countries, as it contains some 
facts which will be found of service. The volume, 
nl rtny — pert ws gy om in a style very cre- 

table e publishers, the t; hy being espe- 
cially i ypography 8 espe 





CANADIAN TELEGRAPHY.—The C 


Telegraph Com has com icted another voctionof itr line 
n ova Scotia. section conapletes the aysten from 

orbay and Cape Canso to Halifax. A connexion will be 
on Quebec before the close of this 
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THE PENNSYLVANIA RAILROAD. 
No. [X.—Srarions. 

THE stations upon American railroads are as a 
rule conspicuous by the absence of the accommoda- 
tion and convenience which characterise the 
etations on English or Continental railways. ‘There 
are of course a few exceptions to this general rule, 
which are found at the terminals of trunk lines in 
great cities, and at a few special points, chiefly 
summer resorts or centres for suburban residences, 
Even in Philadelphia there is not a single depét 
which to an English eye appears worthy of the line 
to which it belongs, and until lately the West 
Philadelphia terminus compared unfavourably, in 
regard to comfort, cleanliness, and space, with our 
own Fenchurch-street station. It is true that this 
building has been abandoned for passenger uses, and 
replaced by another and more pretentious building, 
which may fairly take a leading rank among 
American railroad buildings. 

As for the stations serving small outlying towns, 
they consist of little more than rough sheds, giving 
shelter, but nothing more, while the absence of 
platforms and of railway officials, tend still further 
to mark the characteristics of these a. 
Upon second-class lines, especially in the Southern 
States, the popular criticism upon a slow train that 
“it stops at every wood pile,” has in it not much 
of exaggeration, The reason for this disregard of 
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appearances, and of the comfort and conveniences 
of passengers, is asimple and obvious one. The 
railway company cannot afford to expend large sums 
in station accommodation, and the absence, or rather 
reduction in this item of expenditure is one of the 
causes why railroads in the United States are built 
so cheaply. Travellers habituated only to the 
necessities of station accommodation, see no reason 
for complaint if they have to commence their journey 
from a rough timber shed devoid of furniture 
except for a lw wooden benches and the universal 
stove, and complete it on the narrow platform of a 
dark and dirty terminus, or they might console 
themselves with the reflection that had greater 
things been attempted in this direction the railway 
would never have been built at all. 

In the same way (but on this point we shall deal 
at length in a future portion of this series) the 
number of porters and other station a is re- 
duced to a degree that would raise popular indigna- 
tion here. At the smaller stopping-places there is 
only one man employed to attend to all the varied 
duties of station management, to act as porter and 
booking clerk, to check and store gage, to 
receive freight, work the telegraph both for the 
railway an — service, and who not unfre- 
quently fills all these varied duties in the intervals 
of his re occupation of tradesman or me- 
chanic. Towns of from 3000 to 6000 inhabitants 
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are served by two men at the station belonging to 
them. At large cities the station employés are 
more numerous, and at terminal depéts the per- 
centage of servants to the number of travellers is 
robably higher than here, though the actual 
orce is considerably less. On the other hand, it 
must be borne in mind that the organisation for 
dealing with baggage is far better in the United 
States than in this country, travellers require less 
looking after, and are more long-suffering in the 
hands of lazy, indifferent, and impertinent porters. 

One of the best examples on the Pennsylvania 
Railroad of a first-class suburban station will be 
found on page 144 of our eighteenth volume. This is 
erected at Bryn Mawr, already referred to by us as 
one of the favourite places of residence around 
Philadelphia, It is a small and elegant building of 
gneiss rock, with brown pointing and Connecticut 
brown-stone dressings, placed on the south side of 
the line, and containing the necessary Offices, station- 
master’s dwelling, and a waiting-room 24 ft. by 
37 ft., the latter with an open timbered roof. On 
the opposite side of the road is a shelter for 
pores. connected with the main building by a 
ightiron bridge. There is a the spaces 
between the rails are planked for a length of about 
300 ft. This building was, like all tae best archi- 
tectural work on the Pennsylvania Railroad, designed 
by Mr. Joseph M. Wilson, engineer of roads and 
bridges to the company. 

The sketch on page 164, taken from The 
Pennsylvama Railroad, Historical and Descriptive, 
shows a general view of the depét at Lancaster, a 
town of about 20,000 inhabitants, It is a large and 
heavily designed building with an arched roof, and 
carried on columns, the station buildings being at 
the side. As will be seen in the sketch, the trains 
enter and leave the depét by passing through the 
streets, an arrangement very general — indeed, 
almost universal—in American railroads. 

On page 160 is an illustration showing the pas- 
senger station recently erected at Washington, of 
the Baltimore and Potomac Railroad, a line belong- 
ing, a8 will be remembered, to the Pennsylvania 
Company's system. The building is situated at the 
corner of Sixth and B-streets, with a frontage of 
137 ft. in B-street, and a depth in Sixth-street of 
95 ft., the main entrance being from the latter, and 
the ladies’ entrance from the former. On the ground 
floor there is ample accommodation for passengers, 
including a general waiting-room 40 ft. by 68 ft., a 
ladies’ room 23 ft. by 45 ft., a gentlemen’s room 20 ft. 
by 37 ft., and a restaurant 45 ft, wide by 55 ft. long. 
with kitchen and cellars, and all other necessary 
appliances. There are besides on the same floor 
luggaye-rooms, offices, lavatories, &c. The upper 
floors are Jaid out as offices for the yg ams and 
some dwelling rooms. The walls are formed of 
bricks, with a facing of pressed bricks, relieved by 
dressings of Ohio stone, and a base course of Rich- 
mond granite, rising to the sill level of the windows 
on the ground floor. The entrance steps on each 
side are also of Richmond granite, and the shafts of 
the columns at the entrance are of polished Aberdeen 
granite. It will be observed that a considerable 
amount of terra-cotta decoration has been introduced, 
and with good effect. The interior of the building 
is fitted up with hard woods of different colours, and 
oiled, and the floors of the principal waiting-room, 
restaurant, and lavatories, are /aid with tiles. The 
rooms and offices are heated by steam. ‘To the rear 
of this station are placed the train sheds, forming a 
strong contrast to the really elaborate building we 
have described, It is intended, however, before long 
to remove them, and replace them by a roof 130 ft. 
wide and 510 ft. long. 

Figs. 1 to 8 on the preceding page show the 
general plan of the Jersey City depét, the im- 
portant terminal station of the New Jersey divi- 
sion of the Pennsylvania Railroad. Passengers to 
and from New York alight here, and cross the river 
by the ferry service which is so admirably organised. 
Oat of this fact arose a considerable difficulty in 
designing the station, as the same ferries were 
employed for the train passengers as for local 
tratfic. Before the construction of this station it 
was the rule to provide travellers with special 
tickets, which they presented on entering the boats. 
To avoid this inconvenience the local ferry traffic is 
accommodated with a separate building, comprising 
& waiting-room 80 ft. by 48 ft., and the necessary 
ottices. ‘This building has a drive on each side of it 
from the street, and leading on to a roadway 60 ft. 
wide, whence access is obtained to the ferry slips. 
The station is roofed over in five spans, and has 





platforms 620 ft. in length, there being twelve tracks 
and six platforms. At the end of the station is a 
covered passage 40 ft. wide on to which the doors 
of the general waiting room open. At the south 
side of the station are placed the offices, stores, 
baggage rooms, &c., which are built of brick, as 
also is the boundary wall on the north side. With 
these exceptions the station is entirely of timber. 
The station building comprises a general waiting- 
room 80 ft. by 84 ft., a restaurant, kitchen, and 
offices, ticket office, ladies’ waiting-room, &c. At 
one end of the room are exit doors leading to steps 
at the top of which is a bridge forming a connexion 
with the street. Train passengers for Jersey City 
reach the street by a second series of steps shown on 
the plan, while those going on to New York pass 
underneath the bridge and through the gate to the 
ferries. On the other hand, passengers from New 
York enter the general waiting-room of the station, 
but cannot return without purchasing ferry tickets, 
From the waiting room they pass out to the plat- 
forms. It should be mentioned that four of the 
lines of rails in the station are used for arriving and 
four for departing trains, the other four being em- 
ployed for storing cars. 

The foundations for this work were difficult and 
costly, as the ground on which the station stands is 
very soft, and the whole area required piling. 
Indeed the station buildings and all in front of it to 
the ferry slips is over the water. The whole of the 
piles underneath the building were cut off at low- 
water level, and iron columns placed upon them to 
carry the floors and walls. The various structures 
are all built with solid timbers instead of framing 
throughout, so as to leave no concealed spaces, the 
object being to reduce danger by fire as far as 
possible, The diagram, Fig. 10, shows the arrange- 
ment of the roof over the general waiting-room. It 
will be seen that only four main trusses arranged 
diagonally are employed, these being tied together 
only at the feet, over the walls, The view from below 
is therefore not intercepted by any bracing, and an 
excellent effect is obtained. Each truss is of iron, 
excepting the principal rafter, which is of timber. 
The roofs are covered with tinned sheets, and are 
well lighted by skylights filled with jin. roughened 
glass. The roof over the 60 ft. roadway leading to 
the ferry slips are flat, as shown in section, Figs. 7 
and 9. This work was also designed by Mr. J. M. 
Wilson. 


THE PATENT BILL AND PRELIMINARY 
EXAMINATION. 
To THE EpiTror oF ENGINEERING. 

Srr,—It is now more than fifteen years since I proposed 
a system of examination of applications for patents almost 
the same, in principle, as that advocated in the article in 

our issue for the 23rd inst., and it is with regret I see you 
introducing one or two objectionable details into the pro- 
cedure you propose for carrying out the ideas. 

There are certain differences between my views on this 
matter and those of others coming very near me, which I 
can only account for by supposing that they attach to the 
word ‘report’ a quite different signification to what I 
have done ; and yet I am sure a very little study of what I 
have published on the subject should have made my mean- 
ing quite clear. I have used the word in its simplest sense, 
as signifying a statement of what. has been found or has 
occurred—a pure statement of facts. It has been very 
common of late to apply the term “‘ report’’ to a statement 
of facts accompanied by an “opinion.’” My disapproval 
of such use of the word generally may not avail much, but 
at any rate I may be allowed to restrict the word to its 
simple signification when I use it myself. 

Great objections have been raised to the publication of 
the reports of the examiners, but such objections do not 
apply to mere reports but only to —— of opinion 
which might accompany the reports. You virtually admit 
this in your proposed alterations on the Bill. You propose 
that the examiner s prepare a report dealing, inter alia, 
with the question of novelty, and that this report ‘‘ shall be 
open to the applicant’ but shall ‘‘not be made public by 
the Commissioners.’”” You, however, propose to make 
something public bearing on the question of novelty, when 
the case calls for it. The applicant is to be required to 
mention in his complete specification the prior matter 
found and pointed out by the examiner as proper to be 
so mentioned. The report, then, must, according to your 
pee, be something more than this matter that has to 

mentioned and made — in the specification ; and 
what more can it be but the opinion of the examiner as to 
how far the prior matter affects the applicant’s alleged inven- 
tion? Now what I have all along insisted on is that the 
examiner should no opinion. The report should 
consist simply of a statement that certain earlier patent 
specifications or published descriptions have a reasonable 
relation to the invention. There can be no possible 
objection to publishing such a report in its entirety. Your 
proposal in effect amoants to much the same thing, but in 
# roundabout and complicated manner ; for what you pro- 
pose to publish is a mere mention of the prior matter, 


ing elge in the report is to be secret and is there- 
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you are so very anxious to form opinions on these matters 
you may do so, and express them in your reports, but your 
opinions will influence nobody as they are not to be pub- 
lished.”” (I assume, of course, that although the applicant 
is to see the full report the opinion in it will not influence 
him, as he will consider himself better qualified to judge of 
the matter than the examiner.) 

If the opinions of the examiners are not to be published 
itis not — that the examiners will take the trouble to 
express any elaborate or carefully considered opinion, and 
—— is will obviously be much simpler and better to 
confine the reports, so far as novelty is concerned, toa 
mere statement of the facts. Then such simple report or 
statement of facts can be —— without objection, and 
without the formality and unnecessary official interference 
involved in specially requiring the applicant to mention it. 

You apparently object to the publication of the complete 
specification until after the patent is completed ; and yet 
very much to my astonishment you propose that the pro- 
visional specification shall be made public when the appli- 
cant proceeds with his application. It has been urged that 
the premature publication of the complete specification will 
invite and encourage opposition, and if that is so, it is 
quite certain that the premature publication of the pro- 
visional specification will have the same effect. In very 
many instances, from the nature of the cases, the provisional 
specification must of necessity be such that any sharp- 
witted person would comprehend the nature and scope of 
the invention from it as well as from the complete specifica- 
tion. I decidedly object to the premature publication of 
either the — or complete specifications ; but at the 
same time I think that when an opposer has proper grounds 
for opposing a patent, and eniieiee the Lord Chancellor 
that he has a proper interest inthe matter, he ought to be 
allowed access to the specifications. 

In my opinion the specifications and the report as to 
novelty should not be published at all if the patent is not 
completed. Suppose that the examiner’s report of prior 
matter shows the applicant that he has been completely 
anticipated and he abandons the application in conse- 
quence ; there would obviously in that case be no necessity 
for, nor advantage in publishing the specifications and 
thereby ype! an old thing. Suppose again that an 
applicant finds from the report that he has been anticipated 
to a considerable extent but not entirely, he would pro- 
bably wonder why the anticipating invention had not 
answered and become generally known, and might be led 
to reconsider the matter, and to discover in his plans defects 
which he had previously overlooked. In such case he would, 
I think,!prefer to file an entirely fresh application, avoiding 
the anticipated and defective things in his first one ; and he 
would do this the more readily and it would in every way 
be more satisfactorily done so if his first specifications were 
not published. In future searches examiners would, of 
course, not have to refer to cancelled or unpublished speci- 
fications, or be confused by vague and indefinite provisional 
specifications, and such unpublished specifications would 
not be admitted in courts of ew as affecting the validity of 
later patents. 

I claim for the system I have proposed all the advantages 
you claim for yours, whilst I carry out the second one to a 
greater degree. 

I will now, if you will kindly spare me space, touch on 
one or two other points which I think of importance. A 
perfect patent specification should, in my opinion, comprise 
three distinct parts, which may very conveniently and 
advantageously constitute three separate documents, 
namely, first, a brief but clear statement of the object and 
nature of the invention ; second, a sufficient description of 
the manner of performing the invention; and, third, a 
distinct statement of the points claimed, and on which the 
applicant relies as distinguishing his invention from any 
prior matter. The provisional specification corresponds to 
the first part ; and the second part is what, in my opinion, 
should be required (under Clause 10) when an applicant 
proceeds with his patent. This second part is what should 
be submitted to the examiner, and not a complete specifi- 
cation with claims. The applicant should have the benefit 
of the examiner’s report before preparing a statement of 
what he claims. The statement of claims should be lodged 
as a third document after the applicant has seen the report, 
say, when applying to have the patent sealed. A modifica- 


tion might be made by the applicant lodging a provisional 
statement of claims with the second document; and 
afterwards a revised and permanent one. My proposal to 
have a separate statement of claim requires, I think, very 


little argument in its support. 

If precise claims are stated in the second or detailed 
specification, the applicant must either previously make 
such a search as would teach him all the examiner’s subse- 
quent report can inform him of, or he must to a certain 
extent guess at his claims or frame them speculatively. In 
the first alternative the examiner’s search and report 
would be of no use to the applicant, whilst if every 
applicant were to make such a search, it would involve an 
immense amount of repeated labours, the same ground 
being gone over by one after another incessantly. And if 
the second alternative were generally adopted, there would 
be hardly a patent with a clean and untinkered specification, 
as amendments by way of disclaimer or modification of 
claims would be required in almost every case. 

The stamp duties on obtaining a patent are apparently to 
be reduced ; but if an applicant is not to be allowed to 
lodge a separate statement of claim after seeing the ex- 
aminer’s report, he will most likely have to lodge an amend- 
ment on which an extra stamp duty has to be paid. 

By Clause 35 of the Bill “‘the examiner to act in each 
case shall be nominated according to a fixed rotation.” 
Each examiner will thus have to deal with inventions in 
every department of arts and manufactures! The number 
i is, of course, very much too small 
are to be allowed numerous clerks or janior 


unless . 
assistants in addition to those mentioned in Clause 6. But 
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whatever the number may be, they ought surely to be a 
propriated each one to a separate class or su of su 
jects ; so that each may become more familiar with a par- 
ticular class or subject than he can ibly be if he has to 
deal with all varieties of cases. The examination as to 
novelty must be thorough and complete, otherwise it will 
be worse than useless ; for an imperfect examination would 
in many cases be equivalent to giving a false certificate of 
novelty. 


Glasgow, February 26, 1877. 


ully yours, 
Epmunp Honrt. 





To THE EDITOR oF ENGINEERING. 

S1r,— For doubtfulness of sentiment, bad logic, and 
crookedness of purpose, the Attorney-General’s late speech 
on the Patent Laws may be backed against any recent 
Parliamentary utterance. He is of opinion that the present 
taxes press hard on the poorer sort, from whose ranks the 
great bulk of inventions come ; so for this special benefit 
they are to be reduced one-half; but this fit of generosity 
does not last long. Having drawn the poorer sort in by the 
silken strings of a “= : — pap og to be — 
out by a process specially or the , jus 
as the: land they have poaghel and the seed they oes sown 
is ready for harvest. The new Patent Bill is itself an 
invention, it might be called an improved machine for the 
weeding out of patentees, and as a machine it will have the 
advantage of providing work for itself ; having widened 
the gate to let the poorer sort in, there will be so many 
more to be weeded out. The specification is to be published 
before the patent is granted, in order that the interested 
party may know what he is opposing ; but why does the 
Attorney-General take the interested party so carefully 
under his wings? Because he is to be an assistant weeder. 
But what part of the garden would the interested party 
weed? Not the worst part of it, not that part which is 
overrun with the rubbish of useless inventions ; they may die, 
and rot on the ground, for anything he cares. Thus we see 
that this new clause of the patent self-acting patentee 
weeding machine would leave the best part of its work un- 
done. 

Hard as the present taxation presses on the poorer sort, 
the inventor of the working class knows what he must pay : 
so much for stamps, so much for agency, and the sealing- 
wax is his ; but the new Patent Bill introduces an element 
of uncertainty into the costs, and that will be more fatal 
in its effects than a heavier taxation, the limits of which 
are known. What third party would cast his money into 
such a sea of doubt as this Bill proposes to open beneath 
the feet of inventors? As to the levying of blackmail, that 
is a game that both manufacturer and patentee can play at, 
and sometimes do. I have seen a stitching machine in 
Wigan, said to be one of the best in the world ; but itis a 
nameless instrument, it was manufactured in secret, and 
soldin silence, and why? Because itis built up of the best 
part of a host of inventions, the best principles of which 
were appropriated by the maker. 

Yours truly, 


Wigan. GzorGE Rory. 





COMPOUND MARINE ENGINES. 
To THE EDITOR OF ENGINEERING. 

S1r,—I have carefully read the re ignees you criticised 
lately, and as I have had considerable experience in the 
designing, construction, and working of marine engines, I 
have at times collected and made various rules which, I 
think, will be interesting to your readers, and I can assure 
them that the results obtained by the use of these formule 
are something remarkable, and will form a valuable ap- 
pendix to the pocket-book mentioned above; and to those 
of your readers who take an interest in such matters, I 
have much pleasure in placing a few of the rules and 
formuls before them for their perusal and benefit. 

1. To Design an Beonegrleat Warkina Marine Boiler.— 
Having found out the thickness of all the plates, number 
and diameter of tubes, position and strength of stays, let 

e—diameter of pet cock 
P=area of piston in lineal feet 
mA X=diameter of propeller, 


ama P2X YX’. 


2796 

Note.—If the above results should lead to priming add 
-02 to the lead of the injection valve. 

2. To Obtain the Ratio of Expansion per Indicated 
Horse Power.—Multiply the diameter of the junk ring by 
the capacity of bunker and divide hy the pitch of rivets in 
the superheater. 

3. To Find the Proper Diameter of the Safety Valves.— 
Square the diameter of the furnace and subtract the sum 
of the diameters of the crosshead and expansion valve 
spindle, and should there be no feed check valve on the 
one shaft add .00003 for every square inch in the 

ength of the connecting rod. 
-B.—I have a lot more rules but merely give these as 
8 ens, and any one wishing to have the rest may have 
them on applying to the address below. 
I am yours, Sir, truly, 
N. P. BureEss. 
8.8. Firefly, Albert Dock, Hull, February 27, 1877. 


““BURGH’S POCKET-BOOK ON COMPOUND 
ENGINES.” 

0 THE EDITOR OF ENGINEERING. 

relation to your review of my last work in your 

of the 23rd ult., be good enough to insert this 

the enclosed in your next issue. My i 

that it is only fair that the publie should be 

I have never fallen into 

work on compound engines 

it is hardly possible to 





T 
Srr,—In 
m. . 


reason being 
informed that 
an error as to send youa 

to review, on the principle that 
any person to review a work, 





the subject of which is entirely foreign to his practice and 
e ence. 

r. Wilson's letter shows, as ‘I expected, that he had 
not taken the liberty of sending my works to newspapers 
for review without my orders. 

I am, Sir, yours obediently, 


. N. P. Burau. 

80, Cornhill, E.C., March 1, 1877. 
N. P. Burgh, Esq., 80, Cornhill. 
_. Sir,—In answer to your note dated the 26th inst. aski 
if I have sent copies of your new book on ‘‘ Compoun 
Engines” to ENGINEERING for review, please note, that 
not naring sepeeee any instructions or copies of this work 
from you to send out for review, I have not sent to EN- 
GINEERING or any other newspaper. 

If you wish the above done, please send me copies of the 
book, also names of papers to apply to. 

Yours faithfully, 


. CHARLES WILSON, 
London, E.C., February 28, 1877. Gro. WILSON. 
[We willingly publish Mr. Burgh’s amusing letter. To 
readers of our review last week the course which Mr. 
Burgh apparently pursues of not seeking public notice ‘or 


his works will scarcely be a matter of surprise.—Ep. E 





TESTING PORTLAND CEMENT. 
To THE Eprror or ENGINEERING. 

Srr,—I B serve from the précis of Mr. Mann’s paper 
“* On the Testing of Portland Cement,” contained in your 
last issue, that the question as to which is the best way 
of ascertaining the relative weights of different samples of 
cement is still an open one. 

No doubt the method proposed by Mr. Mann is thoroughly 
accurate and scientific in principle — bei indeed an 
ingenious application of the ordinary process for ascertain- 
ing the specific gravity of a body in the condition of powder 
—but I fear that in the hands of men such as are com- 
monly employed in making breaking tests, it might not 
saeee Senenenes from the delicacy of manipulation re- 
quired. 

Some time ago, in Mr. Grant’s papers on 
Portland cement, it occurred to me that an accurate, and 
at the same time simple, mode of finding the relative weights 
of different cements would be to weigh them in the state 
of paste, the paste always containing a uniform weight of 
water to the same weight of cement. Now as it is 
recognised that the proportion of water used in admixture 
with the cement influences the speed of setting, it has been 
recommended that it should invariable for testing 
4) yon When, therefore, the blocks are carefully 
made, an 
properly attended to, all that would be necessary would be 
to conttully weigh them as they are turned ont of the mould. 
Moreover, it suggests itself, that bya plain calculation 
the weight and corresponding bulk of the cement itself, 
might be ascertained from the simple record of the weights 
of the test blocks. In principle this method is similar to 
the specific gravity one, and I believe with averages would 
give very regular and trustworthy results without any of the 
niceties of experiment connected with that process. 

I think Mr: Mann deserves great credit in having in- 
vestigated the effect of small additions of sand or other 
neutral and coarse particles on the strength of cement ; but 
I consider it a mistake to say that a cement containing a 
certain proportion of coarse particles (of cement) is better 
than one which is ground = fine, for by his own show- 
ing these coarse particles are little better than sand, and 
apparently take no part, chemically, in the process of 
setting. ‘They should, therefore, I conceive, be looked on 
“ 2 impurity, and their absence be made a test of 


quality. 

Mr. Mann’s results, I think, should be stated thus, viz., 
‘** Portland cement used neat is not so strong as when 
mixed with a certain proportion of coarse sand or other 
similar material, and probably attains its maximum 
strength when this admixture does not exceed 10 per cent. 
in quantity ; and this is a very important point settled. 
I am yours truly, 

Arcu. B. ALLAN. 

8, Argyll-terrace, Crosshill, Glasgow, Feb. 27, 1877. 


THE ORIGIN OF MOTION. 
To THE EpiToR or ENGINEERING. 

Srr,—I am asked by your correspondent, Mr. L. 

Hajnis, if I am ‘aware of the fact that the chief force 
ting the moon’s motion is the attraction of the earth?”’ 
Upon reference to a work published by Messrs. Longmans, 
Green, and Co., entitled ‘‘ The Moon,’’ and written by the 
honorary secretary of the Royal Astronomical Society, 
Mr. Proctor, the astronomer, I find at page 73 the author 
states, ‘the sun’s influence on the moon is more than 
twice as great as the earth’s,’’ he then gives the actual 
proportions as follows : 
Sun’s force 2.1421 
Earth’s ,, 1.0000 i 
The author then enters at length upon the subject, re- 
marking upon page 76, “‘ It was necessary to say so much 
about the sun’s real influence upon ware myn mee meee ~ 
great deal of confusion very commonly pr in 
student’s mind on this subject. He is pn hse et when 
his attention is directed to the sun’s influence, to suppose 
that our earth plays the chief part in ruling the motions of 
the moon, whereas the sun’s influence is in reality para- 
mount at all times.” < 
I am, Sir, your obedient servant, 
R. SHEWAED. 














New ZEALAND Raruwars.—The Great Southern Railway 
of the province of Canter oe Zealand, is 





bury, Ni R —_ 
sa\ . At the last dates the sleepers 
_ meni Sm Tid at the rate of a quarter of a mile per 
y: 





condition as to the quantity of water is | 


PERMANENT WAY. 
To THe Eprror or ENGINEERING. 

‘ me — in aoe rane the 2nd —_ an bap rr ee 
escription of a new system of permanent way fastenings, 
and in your subsequent number an explanatory letter from 
the ae en which, > the subject is ane ae monet 
very much on permanent way engineers, mi ex) 
to attract some attention and criticism. 7 

It is pretty generally acknowledged now that our per- 
manent _ astenings are as defective as they very well 
can be, and the reason why they remain so is no doubt 
because nearly every ent way engineer has an idea 
of his own, and thinks he has something better than his 
neighbours. The ordinary fish-joint, for instance, is as 
crude an —— at providing a continuous girder of 
uniform strength as could emanate from a Fiji islander, 
and as a matter of fact it is quite inoperative as such, its 
only utility being in keeping the rails in line laterally. It 
is no uncommon thing to see one rail end tin. lower than 
a contiguous one, and where the joint sleepers are not well 
packed up, the same result is arrived at when a train is 
passing over, and it isa question whether the monotonous 
thump of wheels passing over bad joints that railway 
passengers know so well -by sound, but are ignorant of its 
cause, plays most havoc with the rolling stock of railway 
companies, or with the nerves of the travelling public. 

Then as to chairs, they vary in weight on different 
railways, and perhaps-even on different lengths of the same 
railway, as much as 50 per cent. for the same section of 
rail; and the only uniformity to be found in the patterns 
is that they are uniformly defective. 

The chair is supposed to — two duties, to keep the 
rails in gauge and to distribute over the sleeper the weight 
received from the rail. But the bolts, fangs, or trenails 
fastening the chair to the sleeper — the first of these 
duties, so that for the purpose of distributing the weight 
of, or in other words to give a bearing to the rail, a 
——s is used which weighs nearly as much as the rail 
itself. 

A 601b. chair, for instance, is used to fasten an 80 lb. to 
the yard rail, and as the sleepers average somewhat less 
than a yard apart, this means that the weight of the chair 
is about 80 per cent. that of the rail; and with all this 
weight there is no efficiency, for the lower flange of the 
double-headed rail is indented by abrasion with the chair, 
so as to leave it only one life after all. 

As far as can be seen from your illustrations of Messrs. 
Harvey and Roe’s system, their fish girders and chairs 
seem to embody. sound principles, and to be admirably 
adapted for strength; but there is nothing to show the 
comparative weight and cost of the system, and the arrange- 
ment seems to lack ey 

The fastenings of the future must not only secure a 
sounder road than the present ones, but they must be light, 
easy to manufacture, and easy to fix—in other words, they 
must not only be better but cheaper. 

P. A. M. 


February 24, 1877. 


To THE EDITOR OF ENGINEERING. 

S1r,—I notice in your edition of the 3rd ult. a descrip- 
tion and illustration of Messrs. Harvey and Roe’s iron 
permanent way, which resembles in some of its features a 

ent way I designed many years ago. The object I 

in view was that of suspending a double-head rail in 

order to prevent the indentation of the under head and to 

dispense with the wooden keys; also to test the merits of 

an elastic ener «onl way, because at that time an elastic 
road was thought to be the one great desideratum. 

I had sleepers and chairs made of varying degrees of 
elasticity, graduating from a perfectly rigid iron base to a 
sleeper having a considerable amount of a. The 
first section of the road started with the rigid sleepers ; 
then followed iron sleepers having a simple wood block or 
cushion about lin. thick; beyond this were sleepers 
having blocks of wood with a piece of india-rubber from 
vs in. to jin. thick sandwiched between them. But in order 
to get a still greater degree of elasticity wrought iron and 
steel chairs, as sketch Figs. 1 and 2, were tried, having 
an elastic play of from ysin. to ys in. 

With a considerable length of road so carefully arranged, 
it was interesting to notice during a period of many months 
the action of the several varieties. After the road had 
become consolidated, it was thought for several months 
that the sleepers having the steel springs with an elastic 
play of about 4 in. would prove the most successful road, 

ut a more unfavourable condition of the weather for some 
months proved conclusively that a road having a decided 
degree of elasticity, especially such tremorous or rapid 
elasticity as conveyed Ne soeel springs, was inadimissibie. 
Every vibration of the spring conveyed a degree of motion 
to the sleeper ; the irs became serious and the sleepers 
had to be removed. Next followed the sleepers with tic 
india-rubber, and singular as it may appear, even with 
the small amount of elasticity produced by the reaction of 
this much more favourable mediuin, the repairs to the road 
were greater than required for either the absolutely rigid . 
or the sleeper with the simple block of wood. If there 
was any difference between the two latter, I think the rigid 
road stood the best, but there was not sufficient difference 
to make it of any practical importance. 
Having tested the merits of an elastic permanent way so 
as to afford sufficient data to guide me in future practice, [ 
determined to test a chair for suspending the rail instead 
of the barbarous practice of allowing the rail to rest on the 
chair bottom. I desi a chair as in sketch Fig. 3, and had 
a considerable length of it laid on one of the main lines of 
railway near London, with about 200 trains passing over it 
daily. The result was in every respect ctory, Bf 
have by me a letter from the engineer of the line saying it 
was the best chair he had tested, and ly an improve- 
ment on the ordi i As the were worn 








away and replaced, Lcarefally. examined the old rails and 
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found, if anything, less lamination over the chairs than be- 
tween them. The identation of the underside of the top THE PENNSYLVANIA RAILROAD; LANCASTER STATION. 


head, where the rail rested on the chair, amounted a 
cally to nothing, and this may be accounted for by the 
fact of the bearing surfaces of the chair jaw being above 


the ballast, and having a considerable inclination the wet 
- the surfaces clean. 
designing this chair I carefully avoided punching the 


rail. The arrangement of the strut jaw gives a perfect 
grip of the rail, and the curved base is to allow for any 
oa of the rail when turned. 

8 


etches Nos. 4 and 5 show another form of chair for | 
The Wat 9 ogg jaw is cast into | 


supporting the rail. 
the , as shown by the dotted line, and is sufficiently 
elastic to allow the corrugations in the cast-iron key to pass 
when being driven tight. 


T cannot help thinking that a mistake has been made in | 


departing from the double-head rail and substituting what 
is known as the “ bull’’-head rail, which is practically the 
rail used on the Great Eastern Railway twenty years ago 
with the head slightly enlarged. It is well known to all 
rmanent way engineers to what a serious extent rails 
me indented even when laid on chairs having a broad 
base, and so serious did this become in consequence of the 
increasing traffic and heavier engines and carriages, that a 
change became absolutely necessary. But this change bas 
not removed the evil of the »ndentation of the rail; the 
rail still rests on the bottom of the chair (which, by the way, 
has been gradually increasing in weight until it has now on 
some lines reached the respectable ouse of nearly half « 
hundredweight) ; it is still being indented, and this process 
of indentation is increasing from day to day. A steel rail 
is supposed to last from ten to twenty years, but, since a 
very few years produces a perceptible indentation in the 
rail, I look with some anxiety as to what will be the amount 
of indentation after a rail of the bull-head section has been 
in the road say for ten years or more. 

It is the fact that on some lines out of London over which 
the traffic is great, and where double-head rails and chairs 
are employed, the steel rails have to be turned every two 
years, otherwise the heads would become so deeply indented 
as to render the rails unfit for use. 

In the courseof, say, ten years the head of the bull-head rail 
will be considerably worn away, and this together with the 
indentation by the chair, will much reduce the sectional 
area of the rail. So far as absolute strength for carrying 
the load is concerned, this reduction of area need cause no 
alarm, but the effect of the indentation of the underhead 
or base of the rail is a different and I fear a serious matter, 
because it is now well known that to indent a piece of steel 
and subject it to a blow produces immediate fracture, just 
in the same way that nicking a piece of cloth with the 











On referring to the published statistics on this point of 
expense it is seen that for the 16,658 miles of railway open 
in the year 1875, the cost of ‘‘ maintenance of way’’ was 
6,542,6701., or equal to 4001. a mile per annum nearly. This 
appears a very excessive amount, and one that should be 
capable of considerable reduction. 

_ It must have mired a great effort to relinquish the 
time-honoured double-head rail, but the cost of maintaining 
so unmechanical a contrivance necessitated a change, and 
it is to be regretted that the change was not in a more ad- 
vantageous direction. 

About the time of this change came also the alteration in 
the form of the fishplates, the necessity for which has been 
pointed out for the last 10 or 15 years, but the tenacity 
with which old customs are adhered to, delayed the intro- 





duction of this improvement, at least on our English lines, 







































scissors makes it easy to tear ; and experiments with steel 
almost certain breakage sooner or later. q 

With such positive data to act upon it appears singular 
that when it was determined on some lines to abandon the 
double-head rail, the opportunity thus afforded was not 
taken advantage of, anda section of rail introduced 
dispensing al: er with the heavy chairs or 50 1b. anvils 


at intervals of 3 ft. along the line. 





for a number of years; but when foreign railways were 
enjoying the advantage of an improvement so obvious, 
some of our leading railways began to follow the example 
and the deep fishplate is now being gradually adopted. 

The cost of maintenance will be gp aay >! reduced by 
the substitution of steel rails and the deep fishplates, and 
if iron or steel sleepers could be substituted for timber, 
there would be a still further great reduction, but the 
latter is a change too t to be looked forward to for 
many years to come on English railways. 

I have had the opportunity of designing the permanent 
way of some of the leading lines in South America, where 
I have employed steel rails, iron sleepers, and deep fish- 
plates, and I look with confidence to the permanent way on 


| these lines being in good condition in 20 years from now 


have proved that punching or nicking a rail means | 


without any renewals except from accidental causes. 

In Germany, steel rails and iron sleepers are now rapidly 
replacing the timber sleeper toads, but so great a change 
as this is not to be expected in England yet awhile. There 
has not been sufficient time to watch the result of this 
| change in countries nearer home. In England timber is 

cheaper, and first cost too oftens blinds the sight to other 


| advantages. We have also been accustomed to timber, and 
there is no doubt it makes a good road when properly 
applied, but an improved arrangement is wanted, anda 


These chairs not only cause the destruction of the rails, of | more satisfactory timber road might I think be constructed. 


whatever section they may be, but of the sleepers as well, 
and the duration of each is in consequence considerably 
diminished, to say nothing of the increased cost. 





At the time the experiments to which I have alluded were 
| being carried out, I noticed a section of the line laid with 
longitudinal sleepers bolted to transverse timbers, forming 


(For Description, see Page 161.) 
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together a firm platform for the rails to rest upon. The 
platelayers stated that the repairs to this piece of road 
were not half of that expended on the simple transverse or 
cross sleeper system. 

The object of the experiment was not, I believe, to test 
the peculiar arrangement of the timber, but to test some 
particular form of'chair. It proved, however, that transverse 
and longitudinal timbers together made an exceedingly 
smooth and even road to ride over, and reduced considerably 
the expense of maintenance. These being two very impor- 
tant considerations, could they not be secured as forming 
the basis of an improved permanent way for our railways? 

On the Charing Cross to Cannon-street and London 
Bridge line sleepers were so arranged, but are now being 
replaced by the ordinary transverse sleepers, but this is 
entirely owing to the very complicated nature of the rail 
employed, which is built up of three pieces bolted together by 
innumerable bolts and fastenings. An ordinary flat bottom 
rail would appear the most suitable for this description of 
road, but for heavy traffic, the base of such a rail is not 
sufficiently wide to prevent it sinking into the timber, and 
this has always been the difficulty experienced where the 
rail has been laid on longitudinal timbers. There is, how- 
ever, a section of rail designed by Mr. Seaton which ap- 
pears to overcome this objection, and a base of from 7 in. 
to 8 in. can be given, which at once meets the difficulty. 

It would: be interesting to test the qualities and the eco- 
nomy of a road so constructed. The additional quantity of 
timber required would be more than met by the abandon- 
ment of the heavy chairs, and with rails of equal weight, 
I should think the first cost would be considerably less. 

I am, Sir, yours faithfully, 
: James LIVESEY. 
9, Victoria Chambers, Westminster, S.W., 
February, 1877. 








Ktna’s CoLLEGE ENGINEERING Society. — At an 
ordinary meeting of the above Society on Friday, Fe- 
bruary 23rd, Mr. A. Percy Guinness read a paper on “‘ Con- 
tinuous Brakes.” The author commenced by stating the 
principal pe page of a continuous brake. He pointed 
out that it should be capable, under all circumstances, of 
stopping the train in the shortest possible distance ; that it 
must not be affected by changes of weather from exerting 
its full power ; that it must be under the complete control 
of the driver and guards, and that it must be cheap in con- 
struction in first cost and subsequently in maintenance. It 
should also possess simplicity in action and ease of adjust 
ment, and should automatically apply itself to the several 
arts of the train in the event of its becoming suddenly 
ivided. Mr. Guinness proceeded to describe in detail 
Clarke’s hydraulic, Barker’s hydraulic, Smith’s vacuum, 
Saunders’ vacuum, Steel and McInnes’, and Clarke and 
Webb’s brakes, and, finally, the Westinghouse automatic 
brake. He showed that nearly all of the brakes in general 
use, except the Westinghouseautomatic, Steel and McInnes’, 
and Saunders’ vacuum brakes, were open to the objection 
that in the event of the train breaking away, they are not 
automatic, and he observed that though the Westinghouse 
brake seemed to fill most of the requirements he had named 
as essentials, yet its costliness must debar it from general 
use, and he was of opinion that the best policy to pursue, 
in the case of fast express trains, where high rates of car- 
riage are paid, was to use the Westinghouse automatic 
brake; but for local traffic, where cheap fares and low 
speeds are maintained, that Smith’s vacuum, Clarke and 
Webb’s, or Saunders’ vacuum brakes should be employed,, 
and he added, that if the latter was as economical in con- 
struction and use as Smith’s vacuum and Clarke and 
Webb’s brakes, it appeared dee! that gucienes oe 
i i it the advan’ 0! auto- 

be given to it, as dey om 
took part, 
thanks to 


matic. In the discussion which follow 
Glasson, Leaf, Crompton, and T. A. Gaui 
and the meeting terminated with a vote of 
Mr. Guinness. 
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LOCOMOTIVE FOR THE KAHLENBERG RACK RAILWAY. 
CONSTRUCTED BY THE SCHWEIZERISCHE LOCOMOTIV UND MASCHINEN-FABRIK, WINTERTHUR. 
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AsoutT three years ago we gave in this journal (vide 
page 189 of our seventeenth volume) a description of the 
ropework railway up the Kahlenberg, near Vienna, a 
mountain which rises abruptly from the banks of the 
Danube, and which, on account of the splendid views to 
be seen from its summit, is a great resort of holiday 
makers, The rope railway just referred to was opened 
in 1873, and it ascends the mountain on the north- 
western side, it being in fact situated on the flank of the 
Leopoldsberg and not of the Kahlenberg proper. At 
the same time that this rope railway was projected an- 
other company wasalso started for constructing a second 
line ascending the Kahlenberg on the eastern side, this 
second railway being considerably longer and having much 
flatter gradients than its rival, while instead of being 
worked by a rope it is provided with a central rack on 
the plan introduced on the Mount Washington Railway 
and subsequently adopted with so much success on the 
Rigi. Itis a locomotive for this second line which forms 
the subject of our two-page engraving this week, and of 
the other views‘which we give on the present page. 

The line, which has a gauge of 4 ft. 8} in., commences 
at Nussdorf, the first station from Vienna on the Franz- 
Josef Railway, and it passes through Grinzing and 
Krapfenwald to the summit of the Kahlenberg, its 
gradients being successively 1 in 25, 1 in 12},1 in 20, 
lin 10, 1 in 33, 1 in 10, and 1 in 88. The line, it will be 
Seen, is very much less steep than the Rigi Railway. The 
line is laid with rails weighing 20 kils. per metre, or 
about 40 Ib. per yard, while between the rails and securely 
fixed to the sleepers is the rack, composed of two 2.4 in. 
by 4 in. channel irons with wrought-iron teeth between 
them, these teeth being of 4 in. pitch. The rack is con- 
structed very similarly to that of the Rigi Railway already 
described in our pages, and it weighs 55 kils, per metre, 
or a 110 lb. per yard. 

e locomotives for working the line were built by the 
Schweizerische Locomotiy a Maschinen-Fabrik of 
Winterthur, of which works Mr. Charles Brown is the 
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manager, and their general design will be readily under- 
stood from our two-page engraving. The engine, we may 
remark, goes up the line at the tail of its train, the 
carriages being pushed before it, while in going up the 
hind end goes first, the chimney end being always 
lowest. A dotted line in Fig. 2 shows the level of the 
water when the engine is going up an inclineof 1 in 10. 

The boiler is of the ordinary locomotive type, but it has 
an exceptionally high firebox casing, the top of this 
casing and the crown of the firebox sloping downward 
towards the hind end, as shown. The barrel is so placed 
with regard to the firebox that it is full of water when the 
latter is at the proper level. A diaphragm plate is fixed 
across the barrel above the tubes, as shown in Figs. 2 
and 5, so as to divide the ascending and descending 
currents. The firebox is 3 ft. 114 in. long, 2 ft. 9 in. 
wide, and 4 ft. 44 in. high at the centre, the heating 
surface it exposes being 65.8 square feet. The barrel 
contains 174 tubes, 1.417 in. inside and 1.575 in. outside 
diameter, and 7 ft. # in. long, the heating surface exposed 
by them being 506.6 square feet, making the total heating 
surface 571.9 square feet. The grate area is 10.6 square 
feet. The arrangement of the boiler stays and of the 
steam pipes and regulator will be understood from the 
engraving. 

The cylinders are 13 in. in diameter, while the pistons 
have a stroke of 17.72 in., and are fixed outside, as shown, 
the connecting-rods taking hold of pins on cranks 
discs at the ends of a strong shaft which extends across 
the engine in front of the firebox. One of the crank discs 
—that on the right-hand side—is fitted with a powerful 
brake, as shown in Figs. 1 and3. On the crankshaft are 
keyed two pinions with 28 teeth of 2 in. pitch, which gear 
into wheels with 55 teeth on a second motion shaft, as 
shown in Fig. 8. Between the two wheels just mentioned 
is securely bolted the wheel gearing into the rack, this 
wheel having 35 teeth of 4 in. pitch, and the diameter on 
the pitch line being 41.86 in. Owing to the rtions 


propo 
of the gearing the crankshaft makes 2.391 revolutions for 
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each revolution of the rack wheel, and the tractive power 
exerted by the engine for each pound of effective pressure 
on the pistons is thus: 


13? x 17.72 x 2.391 _ 179 y, 
41.36 é 


As the boiler is worked at 9 atmospheres, or 132 lb. per 
square inch, a tractive—or under the circumstances rather 
a pushing—force of fully 18,000 lb. can be exerted when 
required. 

The general arrangement of the working gear is shown 
clearly in Figs. 1 and 8, and will require no special ex- 
planation ; we may remark, however, that when descend- 
ing with a train the engineis run in back gear and a kind 
of cock or valve with which the exhaust pipe is fitted is 
then turned so that the cylinders take in pure air and not 
dust and ashes from the smokebox. The arrangement of 
this valve and the gear for working it are shown in Figs. 
2,3,and 5. The air compressed by the action of the 
pistons when the engine is thus running reversed is not 
discharged into the boiler (the regulator being closed), 
but is allowed to escape through an air cock, the opening 
of which is adjustable by the driver. 

The engine is carried on two pairs of wheels, the 
centres of axles being 10 ft. 2 in. apart. The leading 
wheels are fixed on their axle in the usual way, and the 
weight is transmitted to their axle-boxes through india- 
rubber springs. The trailing wheels on the other hand 
run free on their axle, the latter carrying a strong spur- 
wheel gearing into’ the rack and also a pair of grooved 
drums fitted with a powerful brake. This arrangement 
is best shown in Figs. 2and 4. It will be seen from the 
above description that three modes of checking the 
engine and train are provided, namely, the brakes on the 
trailing axle and crankshaft and the running of the en- 
gine in reverse gear. By these means a most perfect 
control of the engine and train is maintained during the 
descending journey. 

The engine is strongly framed, and a water tank con- 
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taining 220 gallons of water is provided between the frames 
at the hihd end, while a small supplementary tank above 
contains 19.8 gallons more. The coal-box is at the back 
of the footplate, and contains 25 cwt. The weight of 
the engine empty is 15.76 tons, or in full working order 
19.44 tons, while the load taken up consists of three car- 
riages weighing 324 tons empty—or about 42 tons when 
full of passengers. Altogether the locomotive is a great 
improvement on those with vertieal boilers used on the 
Rigi Railway, and as in all engines constructed under Mr. 
Brown’s direction, the details are well worked out. 








THE CONSTRUCTION OF THE HEPTAGON. 
To THE Eprror or ENGINEERING. 

Str,—I read just now the construction of the regular 
heptagon in your No. 581, and calculated the side required 
by the construction there given. I find it was near about 
0.870002 from the radius. That same side required by 
A. Direr’s construction is 0.866 from the radius. 
Being calculated by the just mathematical formula a= 


2B sin. ™ it will be 0.8678 from the radius R. The error 


now resulting from the constraction of ‘‘ 8. D.”’ will accord- 
ingly be for the whole circumference of the heptagon 
7 R (0.870002 —0.8678)=0.01554 R. 
That resulting from Direr’s construction, 
5 RB (0.8678 - 0.866)=0.0092 R, 
and thus less than the other. 

I know the error is in both cases but insignificant, but 
because Diirer’s construction is much simpler and easier 
than the other I like to prove it is also more correct. 

Iam, Sir, your obedient servant, 
J. v. H. 4 

Brussels, February 20, 1877. 


‘THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.” 
To THE EDITOR OF ENGINEERING. 

Srr,—In reply to the further correspondence in your 
last weeks issue, Mr. Walker wilfully misinterprets my 
meaning when I ventured to criticise Mr. Head's paper. 

I will once more endeavour to bring him to the point and 
refer him to your paper of January 12, page 36. The 
section of the revolving valve is distinctly shown in Fig. 16, 
and Fig. 22 shows the same valve attached to the governor 
as a variable expansion arrangement—the lap is evidently 

rmanent. I do not think Mr. Head would have allowed 
drawings of an engine to (see daylight) in this manner 
unless the engine itself had done so. What Mr. Brother- 
hood, with his revolving variable lap valve which Mr. 
Walker swears by, has done is another affair altogether, 
unless it were brought forward in a more courteous manner, 
so that those not acquainted with it might have its merits 
explained more clearly than by talking about full-size 
tracings and wooden models, for wooden heads I suppose. 

As Mr. Walker appears to be losing his temper I think 
it will be better to end any further discussion so far as I 
am concerned. 

Mr. West and Mr. Pope have mistaken my first letter in 
imagining it a challenge. I am so this meaning 
been inferred, my sole object was to elicit farther informa- 
tion on the subject of Mr. Head's paper, thinking that 
others as well as myself might be interested and instructed, 
but as I am called upon I may add that in all probability 
the engine referred to by Mr. Pope may a at the com- 
petition, if it does come off, and then as Mr. West says, if 
the matter is gone into with a fair spirit of emulation apart 
from invidious rivalry, it will be found there is plenty of 
room for al’, and each will take its place in the sphere and 
for the purpose for which it is best adapted. 

I am, Sir, your obedient servant, 
THomas MESSENGER. 
Dour House, River, near Dover, February 28, 1877. 


NOTES FROM THE SOUTH-WEST. 

Cornwall Minerals Railway.—This line is about to be 
‘** absorbed’’—that is, purchased—by the Great Western 
Railway Company. Terms have been so far arranged that 
the shareholders of both companies are about to meet and 
sanction an agreement, which :ncludes the alteration 
and extension of the Cornwall mineral line to such an 
extent as to connect it at a convenient time with the Corn- 
wall Railway. 


The Avonmouth Dock.—This dock was opened on Satur- 
day. The dock, quays, warehouses, and other premises 
cover an area of 70 acres, which were acquired by the 
dock company on reasonable terms. The dock, which is 
specially constructed to accommodate ocean-going vessels 
of the largest class, is situated near the month, andon the 
north-east side of the Avon, and about 1000 yards from the 
anchorage in Kingroad. The approach to the lock forms 
a tidal basin 350 yards in length, with an average width 
of 70 yards. It has a depth at high water, equinoctial 
spring tides, of 44ft. 6 in., and of 40 ft. at ordinary spring 
tides, its position being in a direct line with the fairway 
of the channel leading to Kingroad. The lock is a remark- 
ably fine one, and will admit a vessel nearly as large as 
the Great Eastern. It is 454 ft. in length ar 70 ft. wide. The 
depth of water over the sills at high water and equinoctial 
spring tides is 42 ft., 37 ft. at ordinary spring tides, and 
26 ft. at ordinary neap tides. These depths are greater 
than at any other lock in the Bristol Channel, or in the 
United Kingdom. The construction of the lock was the 
most important and costl 7 of the works. The foun- 
dations are laid about rf ft. under low water equinoctial 
springs, the level of the sands varying only about 12 in. 
throughout the whole of its | . Above the sand a 
of rubble m 5 ft. or 6 ft. thick, and from 100 ft 


and walls were built. The lock is divided by a pair of gates 
into two lock chambers, a larger and one, the 
outer one being 203 ft. 6 in. in length, and the inner one 
250 ft.6in. The lock sills are placed 2 ft. 7 in. above low 
water equinoctial spring tides, and the dock sill is 8 ft. 
2 in. above the lock sill, or 1 ft. 9 in. above the dock floor. 
The sluice ways for filling and ee the lock are 
formed in the interior of the side walls. They are 7 ft. 
by 4ft.6in. They run parallel with the line of the walls, 
and their outlets are placed 50 ft. from the hollow 
~ The entrances to them are in be te es 
an ve seven rectangular openings in. by 
1 ft. 9in., built with granite sides and lintels. The 
walls are of rubble masonry faced with ashlar. The sills 
are connected at the bottom by an inverted brick arch 3 ft. 
thick, having a radius of 105 ft. 3 in., and a versed sine of 
4ft. The quoins of the inverts and aprons are of Forest of 
Dean and Tintern sandstone. The sills, hollow quoins, 
and other important parts of the work are’of Cornish 
granite. The dock gates are massive and substantial, and 
are worked by hydraulic power. It was at first intended 
that they should be of wrought iron, but owing to the price 
of iron at the time, a change to wooden gates was deemed 
advisable. They are of oak, heel and meeting posts, and 
cross-pieces of pitch pine. The lower gates are designed to 
retain 45 ft. head of water. On tae rib next the sill the 
pressure of water is about 1} tons per square foot, and the 
total stress resulting therefrom on the sectional area of the 
rib is 77 tons. The leaf is 3 ft. thick at the centres, and 
2 ft. 8in. at heel and mitre posts, so that the effective 
sectional area of the ribis 384 square inches, and the stress 
on the square inch one-fifth of a ton. The total weight of 
one leaf of the lower gate is 89 tons. The dock itself is 
1400 ft. in length by 500 ft. in width, and covers an area of 
16 acres. Half a score of the largest ocean-going vessels 
may find ample accommodation at the same time. The 
depth of water to be constantly maintained will not be less 
than 26 ft. The total length of quay wall is 3200 ft., ex- 
clusive of 500 ft. of ‘‘slope’’ for unloading timber cargoes. 
The eastern quay of the dock is furnished with five hy- 
cna ee - - — A — pe 200 ft., and 
each is capable o ng +, andof discharging goods 
at the rate of 100 tons per hour. On this side of the dock 
there are also four spacious warehouses, each of which is 
200 ft. in length and 60 ft. wide. On each side of the ware- 
house are double lines of rails connecting the dock with the 
Portand Pier Railway, which is also connected by a branch 
line under the Downs with the Great Western and the Mid- 
land Railways. On the western side of the dock there is a 
16-ton hydraulic crane for the purpose of lifting machinery 
and heavy goods. There are also two 3-ton and one 5-ton 
portable steam cranes, each of which is adapted for loading 
or discharging cargoes with the utmost despatch. There 
are sidings laid down on all parts of the quays, all of which 
are connected with the great railway systems. A special 
a wire has been constructed from the dock to 
ristol. 


Swansea.—A contract for the erection of the new Great 
Western Station in High-street has been taken by Mr. 
J. C. Rees, builder and contractor, of Neath. It is con- 
fidently stated that an important section of the proposed 
tramway scheme, giving an unbroken connexion with 


has | Morriston and the Mumbles, will be completed by the end 


of Jane. 


Falmouth Docks.—During the past half-year the break- 
waters, wharves, warehouses, and machinery have been 
kept in good repair. Some of the railway trucks and 
rolling stock which have been at work since the com- 
mencement of the docks are nearly worn out, the remainder 
are in working order. One of the caissons has been put 
into dry dock, overhauled, and thoroughly repaired. 


Aberdare.—During the past week the Powell Duffryn 
collieries have been going pretty steadily, and a large 
quantity of coal has been brought to bank. At the Gadl 
collieries work has been very k, and at Nantmelyn the 
men have only been at work three days. At Bwllfa there 
has been constant employment. It is stated, however, that 
at this colliery the proprietors have given notice to their 
men of a uction of 10 cent., and that unless the 
accept it the colliery will closed. The Abbenant col- 
leries have been kept going regularly. 


The Somerset Coalfild.—At a meeting of the pro- 
rietors of collieries in the Somerset coalfield, it has been 
ecided to reduce the price of coal 1s. per ton. 


Severn Bridge Railway.—The report of the directors 
of the Severn Bridge way Company, states that the 
progress and position of the works connected with the 
company’s undertaking may be re ed as satisfactory. 
About 400 yards, or one-third of the entire length of the 
bridge, is practically finished ; the piers for another third 
of the distance are founded in the rock and filled with con- 
crete, and the foundations for three other piers are in 
progress. The doubling of the —Se over the canal 
and other additional works and material having rendered 
a farther outlay of capital necessary, a Bill has been pro- 
moted for power to raise additional share capital to the 
extent of 100,0007. 





FOREIGN AND COLONIAL NOTES. 
Iron Rails on the Philadelphia and Reading.—In 1868, 
the Philadelphia and Readi i Company laid down 
8971 tons of iron rails. Of these rails, 5 tons wore out in 
1868, 175 tons in 1869, 901 tons in 1870, 1418 tons in 1871, 
1067 tons in 1872, 5224 tons in 1873, 2653 tons in 1874, 


205} tons in 1875, and 276} tons in 1876. Of the whole 
quantity of rails laid down in 1868, 53} per cent. had thus 
become worn out by the close of 1876. 


Coal and the Lehigh Valley. — The amount of 
from lands of the igh Valley Rai 


coal 
Company 





I 
to ft. wide was laid, and on this foundation the inverts 





in {Bre 


was sent to 


was 1,613,795 tons, a portion of which 





market by other routes. The directors report that the 
mining and selli ) was ‘‘ comparatively unremu- 
nerative”’ during the greater part of 1876. 

Australasian Steam Nawigation.—A contract has been 
entered into by the Dutch Indian Steam Navigation Com- 
pany for the establishment of a mail service between Port 
Adelaide, Port Darwin, and Batavia, the South Australian 
and the Java Governments each agreeing to pay an annual 
subsidy. The arrangements would have been completed 
sooner, but a delay arose in consequence of the Java 
authorities having to refer the matter to the Government 
in Holland. A favourable answer has now been received. 
The contract is for five years, terminable by two years’ 
notice on either side. Steamers of not less than 1000 
tons burthen are to leave Batavia five times in the course 
of each year at intervals of about 73 days, and they are to 
callat Port Darwin, Sydney, and Melbourne both ways. 
The vessels will remain at Port Darwin two clear days, and 
at Port Adelaide four clear days each time. Ths subsid 
to be paid by the South Australian Government for eac 
round voyage is 16671., wy on advice being received of 
the steamer having reached Batavia on the return trip. 
A similar subsidy is to be paid by the Java Government. 


Commerce of Philadelphia.—The value of the exports 
from Philadelphia last year was 50,552,300 dols. The 
corresponding value in 1866 was 17,867,716 dols. ; in 1856, 
7,144,488 dols., and in 1846, 4,751,005 dols. 


New Zealand Telegraphy.—In 1866, New Zealand had 
699 miles of electric telegraph in operation, and the number 
of telegrams despatched was 48,231. In 1875, the telegraphic 
network of New Zealand had grown to 3156 miles, and the 
number of telegrams despatched was 993,323. 


Ismailia.—Since the opening of the Suez Canal this 
little town has prospered amazingly. As an instance of the 
increased value of real estate in the neighbourhood, it may 
be stated that alittle tongue of land near the mouth of the 
canal, which failed to find a purchaser a few years since 
when offered for 8001., has been recently bought for 26,0001. 


Austria and the French Exhibition.—Although Germany 
has declined to participate in the Universal Exhibition to 
be held at Paris in 1878, Austria has shown a disposition to 
doso. The Austrian Chamber of Deputies has voted a 
credit with this object. 


Pennsylvanian Pig Iron.—The iron trade of Pennsyl- 
vania has made very Ryo strides of late years. In 1875 
the State produced 960,884 tons of pig iron. Notwithstand- 
ing the general dulness of the times, the production was 
further increased last year, the State having made 989,000 
tons of pig iron in 1876. 


Austrian Working Expenses.—The ratio of the working 
expenses to the traffic receipts upon the co-A ustrian 
Railway in 1875 was 41.53 per cent The corresponding 
ratio in 1874 was 42.46 per cent. ; in 1873, 41.67 per cent. ; 
in 1872, 39.39 per cent. ; in 1871, 39.03 per cent., and in 
1870, 36.55 per cent. 


anu South Wales Soe ee ey eee is 
ily progressing in New Sout es. i e recess 
lans al books of reference for 265 additional miles of line 
Save been in preparation. As recently reported in En- 
GINEERING, since the close of the last session of the 
Colonial Parliament, 27 miles have been opened on the 
Great Western Railway from Bathurst to Blayney. The 
Great Southern Railway has been opened to Binalong, a 
distance of 21 miles from Yass, within the prescribed con- 
tract time. Theworks on the Great Northern line from 
Murrurundi to Quirindi have not yet been completed, 
although the contract time has expired. ities are 

i ‘orced against the contractors, and there are 

ands for believing that the line will be completed to 

‘amworth by the date of the extended contract time, viz., 
September 30, 1877. 

Steel Rails in France.—A series of contracts amounting 
al her to 90,000 tons of steel rails has just been let by 
the Western of France Railway Company. These con- 
tracts have been shared between the Creusét, the Terrenoire, 
the Fourchambault, &c., works. The contract price is 
81. 17s. 6d. per ton delivered free at Paris. 


Antipodean Tele hy.—The directors of the Eastern 
Extension, Aus ia, and China Telegraph Company 
(Limi r~ peaaty — ba ann ap oy hone a 

or laying a cable from Penang m. Mr. 

‘odd, superintendent of telegraphs in South Australia, 
in reporting to his Government upon the question expresses 
his . =~ — » sae eggs -_ China — 

interested in the proposed cable. ii a 
duication of cable commauniostion to Australia Mr. Todd 
considers that the best course for the Australasian colonies 
to pursue would be to negotiate with the Eastern Extension, 
&c., Company for a second cable from Singapore to Banoe- 
wangie. 

Steel Rails in Belgium.—Proposals are stated to have 
been made to the Acoz Company by sundry capitalists for 
the purchase of that com *s Chatelineau works. The 
object aimed at is to adapt the works for the production of 
steel. 





STrzam oN TramMwars.—We learn that the Vale of 
Clyde Tramway Congas, @ w, have accepted the 
tender of Messrs. H. Hughes and Co., of Lough rough, 
for seven locomotives to work their tramway, and we 
lieve it is intended to have them running in a few weeks. 








Parents ror INVENTIONS Briu.—A special meeting 
has been called by the Council of the iety of Arts, to 
diocese the, wovisions of thie BES, ox Ag 
6th inst. .m. on subject read 
by Mr. H. Trasman Wood, and resolutions will then be 
submitted to the meeting. 
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NOTICE OF MEETING. 
THE INSTITUTION oF CIVIL ENGINEERS.—Tuesday, March 6th, 
at8p.m. Continued discussion on “‘ The Sewage Question.” 
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VANDALS AT THE PATENT OFFICE. 
TE burners of libraries and the destroyers of 
books have, in all ages of the world, been held up 
to the execration of mankind, and their names have 
been handed down to posterity with infamy. History 
relates that the Saracens heated the water of their 
— for six months by burning the books of the 
: exandrian Library. The Commissioners of Patents 
ave tem | been contributing to the revenues of 
the country by selling a few hundred tons of printed 
specifications as waste paper. A month ago the 
public were informed by ourselves and others that 
the Patent Office pene had sent 250 tons of their 
publications to the paper-makers, and that the 
operation was still going on. The statement pro- 
duced a profound impression amongst those who had 
business relations with the department or who were 
interested in inventions. The matter was promptly 
taken up by Mr, Reed—the thanks of inventors are 
duetohim for hisaction—and he put a question to the 
Attorney-General on Monday last inquiring whether 
the report was true, and if in consequence of the 
eae ome oom which had been made, steps had 

n taken for securing to the public a pr 

of printed specifications. . lito: 
the reply of the Attorney-General may best be de- 
scribed as ‘‘ Parliamentary.” He does not tell us how 
many hundred tons have really been ‘ pulped,” but 
gn some statistics which are of no use to any one. 
e characterises the statements which appeared in 
the newspapers as ‘‘¢ tions,” but he does not 
say in what respect. It is not clear who is actually 
responsible for the destruction of so much valuable 
property, and we shall probably never know this, 
@ refers vaguely to a Treasury report for the 





authority, but it is somewhat difficult to see how 
the Commissioners of Patents are under the control 
of the Treasury. On this point he does not con- 
descend to enter into particulars, Is it possible that 
this can be the very report which Mr. Mundella and 
Mr. Samuelson tried in vain during last session to 
induce the Government to produce, and which we 
ourselves referred to three weeks ago? On the 
30th of May last Mr. W. H. Smith said in reply to 
a question put by the last-named member: ‘' It is 
true that a committee of the Treasury has recently 
considered and reported on the Patent Office, in- 
cluding the Patent Museum, Such inquiries are 
being constantly made, but they are confidential 
documents intended for the information of the heads 
of departments and the Government, and unless the 
Government lays them before Parliament it is a 
breach of official confidence to make the contents of 
them known, and largely interferes with their 
utility.” The authorities were quite right, from 
their point of view, in keeping this report private, 
for if it be desired to carry outa “shady” trans- 
action, there is nothing like secrecy. We trust that 
Mr. Reed will ask for the production of the report 
which the Attorney-General puts forward as the 
authority on which he and the other Patent Com- 
missioners have been acting. 

Taken in connexion with a recent order of the 
Commissioners that no more second editions will be 
published except at the expense of the applicant, the 
destruction of specifications is peculiarly annoyidg. 
The gentlemen who guide the destinies of the Patent 
Office have laid the foundation of a public grievance 
which will not soon be forgotten, ‘They will find it 
very difficult indeed to convince the unfortunate 

erson who has to pay pounds where he need only 
ve paid shillings that he is not suffering in conse- 
quence of the ‘reforms ” of the years 1876-77. But 
even from a financial point of view, the destruction 
must surely have been a blunder. The books were 
not unsaleable, and, putting aside the original cost 
of production, said to have been very large, the 
annual amount received for sales would probably 
have represented a fair interest on the rent of the 
premises necessary for storage. - 

The action of the department may also be re- 
garded as a breach of trust. The Commissioners by 
their Act are bound to print and publish all specifi- 
cations. They are not, it is true, compelled to print 
any specified number, and it is probable that the 
Act would be complied with if half a dozen copies 
only were printed. But the public have a right to 
expect a more generous treatment at the hands of 
a body like the Patent Commission, and the inten- 
tion of the framers of the Act was no doubt that 
any person might, at any time, go to the Patent 
Office and purchase a copy of the specification of 
the latest new patent for mousetraps or of the patents 
for inventions which have made England natin 
The official mind is not enthusiastic, and we can 
well imagine how the executioners consigned to the 
pulp vat the specifications of the Watts, the Ark- 
wrights, the Cromptons, the Hargreaves, the 
Neilsons, the Howards, the Roberts, the Heilmanns, 
and the Bodmers (of living men we do not speak)— 
books which contain the records of splendid and too 
often ill-requited labours, without a pang of re- 
morse. To have made a selection would obviously 
have been impracticable. One point is that for the 
sake of those illustrious names and for the sake 
of scores of others, not perhaps so well known, the 
whole might have been spared. 

There is one method of getting rid of surplus 
copies of specifications which the Commissioners 
would have been perfectly justified in adopting. 
Section 30 of the Patent Law Amendment Act, 
empowers them to present twenty-five copies of each 
specification to the patentee. ‘This power has we 
believe never been put into operation, but should 
a further reduction ever be contemplated we com- 
mend the section just mentioned to the notice of 
the authorities, 

We cannot but greatly regret the course of action 
which the Commissioners have recently adopted. 
It appears to be one of studied defiance, we might 
almost say, towards inventors, and a lofty ignoring 
of their undoubted rights and privileges. It is im- 
possible to say how far the present chief of the 
office is responsible for it, but one thing is quite 
clear, that he will be blamed. It is no part of our 
duty to look after any man’s reputation, our only 
aim and desire is to advocate the rights of the public. 
We may, however, point out to Mr. Lack, that 
jem ir his position as an official is practically un- 
aseailable, he might with advantage to himself study 





the wants of inventors more than he has hitherto 
done. Fortunately for the country most officials 
have more or less a desire to stand well with the 
public. Reiterated complaints against their depart- 
ment are not only annoying but must in the long run 
have a serious effect upon the man’s official repu- 
tation. But higher motives may be appealed to 
It is the business of a public servant to serve the 
public faithfully, diligently, and conscientiously, 
and he must sometimes be prepared to sacrifice his 
own views and those of the busy knot of flatterers 
by whom most men are surrounded to the loud and 
unmistakable voice of public opinion as expressed 
through the medium of its podin a representatives. 








RAILWAY WORKING AND GOVERN- 
MENT INSPECTION. 

In September last (vol. xxii. p. 278) we pub- 
lished an article advocating a periodical inspection 
of railways. Attention was at that time forcibly 
directed towards the subject by the then recent 
disclosures consequent upon the Radstock accident 
on the Somerset and Dorset Railway. In this 
article we instanced the number of ‘ accidents” for 
the year 1875, which might fairly be classed under 
the head of preventable, and we based our argument 
in favour of the course advocated upon the very 
reasonable grounds that it would practically enable 
the Board of Trade officers to recommend improve- 
ments in the working, and safeguards for the pro- 
tection of the traffic, defore casualties arose, whereas, 
as at P map constituted, the duties of the inspect- 
ing officer can only take effect after the event. 

The more recent collision at Arlsey Siding stands 
forth as an eminent case in point, and shows more 
clearly than volumes can express, the justice of our 
reasoning, and the need which exists for exercising 
some further control over commercial undertakings 
of this character, such as shall see that safety is not 
sacrificed to convenience. It cannot be doubted, 
with the repeated recommendations of the Govern- 
ment officers which have from time to time appeared 
in their reports, that had the power rested with them, 
a different system of working the block signals at 
this point, and at all other similar points, would have 
been in operation ; and, consequently, that the acci- 
dent would have been avoided. With remon- 
strances, so often repeated, it is difficult to induce 
the mind to recognise results such as these as 
accidents, and the term, in connexion with railway 
working, is more truly one of courtesy than of fact, 
To seek out parallel cases would be as endless as the 
recommendations accompanying them have been 
fruitless, and although the Arlsey mishap has so far 

roduced an improved system of working on the 
xreat Northern line, it is questionable how many 
other companies will allow its example to influence 
them in adopting a similar improvement. 

Pressure of other matter has hitherto prevented 
our referring to the report of Captain Tyler on his 
examination of the Bristoland Exeter portion of the 
now Great Western system ; but as we have it in 
our hands we feel obliged to quote it as another in- 
stance in support of the point we have taken up. 
It will be remembered that the examination of this 
line was the result of the Hele accident, in which 
the ‘‘ Flying Dutchman” left the metals at that point. 
This inspection was probably one of the most 
searching to which ne | railway company’s permanent 
way has ever been subjected, and it displays, in its 
results, a condition of things anything but creditable 
to its management and maintenance. There of 
course existed, at the time, or near about, the fact 
that the line was changing hands, a proceeding 
scarcely inducive to a large outlay, but, on the con- 
trary, viewed from the shareholders’ position, one 
more calculated to curtail every possible expenditure. 
Another fact equally weighty in itself, however, re- 
mained, The line continued a public highway over 
which was carried daily a mass of human life. It 
is from this position the public will view the con- 
dition of the line, and very properly so too. The 
fact that a jury may give Cary damages in all 
cases where a railway company may have been 
shown to be wanting in care and forethought does 
not alter the case, Money cannot in all cases 
supply the place of those offered as a sacrifice 
to this want of forethought, or whatever it may be 
termed. Life is too precious a trust to be trifled 
with; and the public will, in a question of this 
character, be influenced and guided only by the all- 
important question of safety. Now the condition 
of this line will perhaps be best understood when 
we state from the report that at one time, during 
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the inspection, the Great Western Company em- | 
ployed no less than 525 extra men, in dition to | 
the ordinary staff, and that materials to the value of | 
50,0002. were at the same time in course of delivery. | 
We give below the tabulated statement of the con- | 
dition of the line as regards its metals and the 
timberwork in connexion with them. It is right we | 
should explain that with regard to this statement 
the new rails and timbers mentioned are those in- 
serted during the inspection, or after the order for 
it was given, Summarised, this Table gives us, on a 
section of line, 77 miles long, 6438 defective 
timbers, and 1679 recently replaced, making a total 
of 8117 timbers, which within the time at which the 
inspection was ordered and the ‘date on which it 
was made may be considered as unsafe, whilst 1600 
were actually dad or broken at the rail joints. 
same way we find 2233 rails pronounced as éad, and 
531 with broken flanges. Broken joint plates, bad 
rail joints, and insufficient fastenings to the metals, 
all combined to produce the serious total which re- | 
sulted from the examination. 
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public will only be made apparent through the 
catastrophe which they produce, and with regard to 
which the Board of Trade is powerless till called 
upon as in the Hele affair, or by some public ex- 
pression of opinion. 

Returning, however, to the report before us, to 
obtain a full knowledge of the importance of many 
of the defects observed, it would be necessary to 
reproduce it very much in detail. Our space for- 
bids this, and we are thus obliged to content our- 
selves with the particulars set forth in the Table 
above mentioned and the remarks which accompany 
it. There are, however, yet other points to which 
attention is directed, and which go to show the con- 
dition in which this important section of our railway 
| system has been allowed to lapse. 

At the east end of the Bristol station the accommo- 
dation is mentioned as being wholly inadequate to 
the existing wants. As a result the shunting ope- 
rations are greatly multiplied and the running roads 
frequently fouled thereby. The approach on the 
west of the station is narrowed to two sets of rails, 
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The gauge was stated to have been ordered to be 
reduced on the straight }in. A gauge marked for 
the ‘‘ straight line,” constructed for 4 ft. §}in., was 
produced; in 122 places—the gauge being tested 
throughout at every quarter-mile post—the rails were 
found to be tight. Eighteen of these were on curves. 
In 44 different quarter-mile sections it was especially 
remarked that the rails had a ‘‘ bad top.” ‘The new 
narrow gauge rails had in many places sunk below 
the proper level ; there was a want of ballast, whilst 
that employed in places was not properly broken. 
The drainage was defective; 17 arches of bridges 
and eight culverts required repair all more or less ; 
42 cracked steel rails were found, together with 
eight broken crossing points; 13 iron sleepers 
were broken at rail joints, and 13 joint clips found 
broken over the iron road section. 

There were constant cases in which different sec- 
tions of rails were opposite to one another on the 
same line. ‘The distance between the transoms, 
between Bridgwater and Exeter, were 15 ft. to 
16 ft.; whilst on many other portions of the line 
the distance was limited te 11 ft. Captain Tyler 
very properly recommends that the whole should be 
reduced to the latter limit. 

Such then are the leading features of the exami- 
nation of the permanent way. So bad had it be- 
come that Captain Tyler considered it his duty, on 
two separate occasions, to suggest to the Board of 
Trade that the company should be recommended 
to reduce the speed of the trains passing over it, and 
twice the officers of the company felt themselves 
compelled to adopt a similar precaution with re- 
ference to the sections of line over which those 
engaged in the inspection had walked. What then 
can be said for a line, the conditions of which, when 
examined at the Government request, is found by 
its own officers to be such, that they feel constrained 
to reduce the speed of the traffic? and who can say 
how long this might have continued, or to what 
fatal results it might have led, had not the inspec- 
tion been made, and made in the thorough manner 
in which it was made, To our mind the travelling 

ublic are greatly indebted for this investigation. 

ediately it has produceda great improvement over 
the line affected, and indirectly it will have tly 
influenced others in keeping under similar defects. 
Still there ever will exist defects known only to 


and the arrival of a train practically means the 
occupation of both lines, inasmuch as in order to 
enable the engine to pass round the arriving train, 
it has to run down on the other main line of metals 
There is no adequate means of storing carriages. 
The locomotive shops and running sheds, containing 
89 engines, are connected with the main line on the 
west of the station, and consequently any shunting 
from or in connexion with them has to be brought on 
the same line of rails. At Bedminster and Pyle 
Hill improvements and additions are required in the 
direction of signals and signal boxes. 

Heading the Long Ashton and Yatton section 
occurs the remark, ‘‘ On the first 18 miles between 
Bristol and Weston, 256 extra men are now em- 
ployed, and on the whole section, Bristol to Exeter, 
400 extra men. Materials are coming down by 
every train. Rails for 35 miles are now being de- 
livered, and timbers and fang bolts in proportion.” 

... ‘The tank engines, with driving wheels 9 ft. 
in diameter, are to be altered. Tenders are to be 
applied to them and the tanks taken off. This will 
cause them to run more steadily and diminish the 
weight on the driving wheels. The difficulties of 
repair are the greater between Weston and Bristol 
in consequence of the large number of trains con- 
stantly passing over the line, and their unpunc- 
tuality.” At Yatton station numerous improve- 
ments are suggested. Facing points, worked 329 
yards from the cabin, are very reasonably set down 
as incapable of being satisfactorily worked at such 
a distance. The dock lines of the Clevedon and 
Cheddar Valley branches are inadequate in length. 
Siding accommodation is greatly deficient. There is 
no means for shunting goods on the down line side 
except by backing them through a siding which 
crosses the Cheddar Valley outgoing and incoming 
lines ; and such shunting trains have to be divided 
so that the hinder parts of them stand on the east, 
and the front parts on the west, of the Cheddar 
Valley lines, whilst the Cheddar Valley passenger 
trains pass through the two portions of the shunt- 
ing trains. On the up side siding accommodation 
is also equally insufficient. The platform accommo- 
dation here, and in fact at nearly every station on 
the line, is inadequate to the length of the trains 
working over it. Crossover roads and other minor 
improvements are named with a view to facilitate 





those working over them, which to the general 





the working and improve its protection. At High- 





bridge station grass and earth obstruct the proper 
working of the signals on the Somerset and Dorset 
line, ‘There is a most dangerous level crossing of 
the Bristol and Exeter, by the Somerset and Dorset 
Railway, on the east of the station, used not only 
for passenger and goods traffic with engines, but 
also for shunting with horses. There is also a junc. 
tion with the down line of the Somerset and Dorset 
Railway, and a crossover road to the west of the 
junction.” ‘The main line is protected with block 
signals, but the Somerset and Dorset is entirely un- 
provided, As it is suggested that “ Specific rules 
should be drawn up for the working of the crossing 
and junction,” and as suggestions are thrown out 
for the framing of these rules, it is to be inferred 
that none have been in use. Our remarks on junc- 
tion working (vol. xxii. p. 519) are here borne out 
by the recommendations of Captain Tyler, and we 
are entirely in accord with him in his remarks on 
blocking to the cabins on either side. We are glad 
to see further on that the practice of shunting at all 
hours of the day by horses was on all hands con- 
demned, and that it was agreed by the several com. 
panies concerned—the Great Western, Midland, 
Somerset and Dorset, and London and South- 
Western—that it should be confined to once or 
twice only during the day, at a time most conve- 
nient for the purpose, and then always by an en- 
gine. 

At Wellington the “ station-master says that he 
is constantly compelled to shunt trains across from 
one main line to another in order to allow other 
trains to pass them, or else to block trains back to 
the next station, and thus to cause delay to the 
traffic. ‘This very day, whilst we were at the 
station, a train was delayed at Poole, the next block 
station eastward, for half an hour, whilst shunting 
was going on on the main line at Wellington station ; 
the only available space was occupied by a third 
train.” 

At the 1834—1834 mileage (from London) sec- 
tion, we also read, ‘‘ A considerable number of rails 
were here found with insufficient fastenings. The 
men who had been employed in changing rails and 
timbers had left their work for the day (Saturday), 
and had neglected properly to secure the rails to the 
timbers.” 

These extracts and remarks which we have found 
occasion to offer, have been drawn from the report 
in the order given as we have perused it. Others of 
equal importance are left untouched for the reason 
that our space will not admit of our doing so; and 
to continue to dwell upon them would possibly, how- 
ever, be of small service. Those we have given, and 
the observations they have elicited, should be suf- 
ficient to satisfy every person of the need of some 
intervening power capable of exercising authority 
sufficient to secure a due regard to safety. ‘To read 
that ‘there is at present no reliable plan of the 
Exeter yard, any more than of other stations on the 
Bristol and Exeter section of the Great Western 
Railway,” will in no way surprise any one who 
may care to look through this report, for the man- 
agement of the line throughout seems to have be- 
come very near akin to a state of chaos, We repeat 
that the existence of such a condition of things is in 
the highest degree unsatisfactory, and that steps 
should be taken to prevent recurrences not only in 
the direction indicated by this inquiry, but as regards 
every point calculated to affect the safety of the 
traffic. It would be absurd in the highest degree to 
think that things would attain such a status under 
a periodical inspection ; the very prospect of it would 
in the main secure a more efficient regard to the 
needs of the occasion, It would carry with it the 
dissemination of a knowledge, the sum of the ex- 

rience of the entire railway service of the country. 

niformity would take the place of discord, the 
executive would be strengthened, and the growing 
requirements met in time to avoid that mistrust, 
misery, and inconvenience now so commonly born 
of it. 








THE PATENT BILL. 

‘‘ [vis much to be desired that the various scientific 
bodies interested in the question should arrive at 
some common agreement.” So writes an eminent 
member of Parliament, respecting the new Patent 
Bill, and in cordially endorsing what he says, we 
would add, “let the | pen of agreement be well 
defined, not vague and general so as to be open to 
a variety of constructions.” There can be no manner 
of doubt that the difficulties inventors now have to 
contend with are mainly attributable to the vague 
recommendations of those who have from time to 
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time taken up the question of Patent Law reform. 
Take for example the recommendations of the 
Vienna Patent Co ; one of them was that 
‘‘ Only ¢he inventor himself, or his legal represen- 
tative, should be entitled to a patent.” 

This seems clear enough at the first blush, but it 
will not bear examination, for it does not show who 
is to be deemed ¢/e inventor, so that we cannot tell, 
for example, whether, if A gets a patent, that patent 
will be void should it subsequently appear that B 

reviously had the same idea in his mind and kept 
it there till after A’s patent. Again, ‘It is ad- 
visable in carrying out these principles, to introduce 
a system of preliminary examination.” This may 
mean anything. We have a system of preliminary 
examination in this country at the present time, and 
they have one in Prussia, another in Austria, another 
in Bavaria, another in France, another in Italy, and 
yet another in the United States—each of these is, 
like the plan in the Bill now before Parliament, com- 
patible with the terms of the Vienna resolution, 
yet not one of these systems of examination would 
be satisfactory to the whole of the persons who 
voted for that resolution. What then is the 
practical value of such ‘‘agreement?” To send 
forth such a resolution at the present time would be 
to convince the Attorney-General that his Bill is 
just what is wanted, whereas quite the reverse is 
the fact. If there be meetings to consider the sub- 
ject, let it be dealt with in a sensible manner, and 
let the recommendations assume a definite form, so 
that Parliament may know what is required ; and if 
the details be such that all present at the meeting 
cannot agree, let the vote of the majority have it. 
To pass resolutions in such general terms, for the 
sake of apparent unanimity, that no effect can be 
given to them without going counter to the views of 
many by whom the resolutions have been agreed 
to, is simply childish. It means hiding the actual 
point at issue under a false cover, reminding one of 
the story of the ostrich hiding its head in the sand. 

We are induced to make these observations owing 
to the fact that many meetings are being arranged 
to consider the Patent Bill, prominent amongst 
which we are glad to find a conference of that 
most useful body, the Society of Arts, which is for- 
tunately not the less active on account of the task 
it lately performed of getting up one of the most 
influential memorials ever put forth on the subject 
of Patent Law reform. This important meeting is 
to be held on Tuesday next at 7 P.M., at the Society’s 
house in the Adelphi, and we hope that those of our 
readers who can make it convenient will not fail to 
attend, as we understand there will be no impediment 
to the admission of non-members. Referring now to 
the Bill itself, the first thing in order requiring at- 
tention is the proposal to appoint, in addition to 
the ex officio Commissioners of Patents, five other 
Commissioners who are to be unpaid. Seeing the 
arduous duties to be pa nth including the 
making of proper rules, the classification of inven- 
sions, superintendence of the preparation of proper 
subject matter indices, and so forth, it is perfectly ab- 
surd to expect continuous and efficient attention 
without remuneration. Competent men of the re- 
quisite standing have more remunerative employ- 
ment, and it would never do to have as Commis- 
sioners persons who were in any other way interested 
in patent property, or who acted in any wise as the 
advisers of patentees. It comes then to this, that 
inasmuch as we ought to have Commissioners qualified 
by special experience to deal with patent matters, and 
as such persons belong to a very limited and busy 
order of men, we must be prepared to pay what will 
remunerate them for giving up their existing occu- 
pations, continuance in which would be wholly in- 
compatible with the satisfactory performance of 
their official duties. 

‘Then as to the examiners, The provisions of the 
Bill on this head are quite too ridiculous. That two 
examiners, and at most four assistant-examiners, 
could deal at all, much less} deal fairly, with over 
five thousand applications a year, searching as to 
novelty, and considering and reporting as to whe- 
ther the inventions were proper subjects for patents 
within the Statute of Monopolies, is phan im- 
possible, Jet alone the other duties it is proposed 
the examiners should be called upon to perform. 
They would have more work on each case than a 
judge has over a patent trial, for the case is got 

y by others to lay before the judge, whereas 
the examiner would have himself to prepare one 
side of the case, by searching out and arranging the 
evidence against the application with which he had 
to deal. Yet the best of judges, with inaturely pre- 


pared evidence, often of necessity take several days 
to try a simple gx case, whilst it is expected of 
the examiner that he should polish off several per 
day. Hence it is evident there is to be wholesale 
slaughter; and this intention 1s the more manifest 
from the perseverance with which the limitation of 
the number of examiners is maintained, notwith- 
standing the repeated representations of competent 
authorities as to the utter insufficiency of the pro- 
— staff. Should the Bill pass in its present form, 

alf-considered reports, giving opinions hastily 
formed on insufficient evidence, will, as a matter of 
course, be issued by the ream, nails and pins will 
be confounded, as they now are in the e Marks 
me prt things differing still more widely from 
each other will be pronounced alike, and thus it will 
be found that, as the Attorney-General puts it, 
‘* above one-half of these contrivances are not no- 
velties,” or, as Mr. Samuelson would say, “no in- 
ventions at all, and obstructions to the development 
of manufactures ;” and the unlucky inventor, whose 
sin is lack of means to appeal to the Lord Chan- 
cellor, will give up in despair; whilst the man of 
money-bags, the manufacturer, whose idea is (in the 
eyes of some so-called Patent Law reformers) an in- 
vention, simply because he 7s a rich man and a ma- 
nufacturer, will goin and win, of course with liberty 
to appropriate the unprotected ‘‘ no invention at all” 
of his less fortunate rival. 

That the only appeal seemingly proposed is to the 
Lord Chancellor, sufficiently shows the intention of 
the promoters of the Bill, for if the percentage of in- 
ventors who could afford the luxury of such appeals 
were not known to be of the smallest, it would clearly 
not be proposed to throw all the work upon a judge 
who, whilst eminently less qualified for the work 
than a tolerably efficient examiner would be, has 
already quite as much to do as he can well get 
through. Therefore, there can be no doubt that 
the Bill is designed to snuff out an enormous number 
of inventions, call them of a minor character if you 
will, though we cannot see where the line is to be 
drawn, by appointing examiners to dogmatise, and 
by providing no appeal save one at a ruinous cost 
to a comparatively incompetent tribunal already 
fully occupied with other matters, 

Thus the power of each examiner, for good or for 
evil, will be very great, and, in most cases, practi- 
cally absolute, for we take it for granted the law 
officer will hear the applicant only in case of opposi- 
tion. An examiner will, in a word, be able so to 
exercise his judgment (honestly, let us hope) that a 
thoroughly rotten patent will go forth as sound, and 
one that is sound will go forth as rotten, if the 
application be not altogether rejected. 

The best existing system of examination we know 
of is that which obtains in the United States, where 
they have a very large staff of examiners, Each 
case is placed in charge of an examiner, who makes a 
search, and if he finds nothing that anticipates the 
invention claimed in whole or in part, the patent is 
at once allowed. If some of the claims appear to 
have been anticipated, the examiner objects, Prac- 
tically there are a number of exceptions that ex- 
aminers are accustomed to take, but then there are 
ample opportunities of appeal. Thus if the excep- 
tion is a question of law or of practice, as distin- 
guished from one of novelty, appeal lies directly to 
the Commissioner of Patents in person. The in- 
ventor whose application has been rejected by the 
examiner may argue the case with the office, in 
writing, and request another consideration, or he 
may amend, by changing his description or claim, or 
both of them, in such a way as to avoid conflict 
with the prior things pointed out by the examiner. 
The applicant has the right to amend and argue as 
often as the examiner presents a new reference ; 
but when a claim has been rejected a second time 
upon the same references, and without any sub- 
stantial change being made in the rejected claim, 
no further amendment or argument before the ex- 
aminer in charge is allowed witnout special per- 
mission of the Commissioner. The applicant may, 
however, if he chooses, appeal to the Board of Ex- 
aminers in chief, from whom there is an appeal to 
the Commissioner in person. If he rejects, a further 
appeal lies to the Supreme Court of the District of 

olumbia, and if that court does not allow the ap- 
plication a still further proceeding can be had, in the 
nature of an appeal by a bill in equity filed in a 
United States circuit court having jurisdiction, and 
from such court an ap can be taken to the 
United States Supreme Court. 

But even this system does not by any means 





give unmixed satisfaction. Many invalid patents 


are granted bearing the impress of official sanction, 
whilst applications are rejected that ought to be 
granted, and would be, could the applicants afford 
to appeal. This being so, with such facilities for 
meee what but injustice and hardship could we 
look for under such a plan as our own Goversintich 
would now force upon us? In commending this 
branch of the subject to attentive consideration, we 
would again refer our readers to the plan set out in 
detail in our issue of last week. 

And before quitting this point, it may be well to 
remind those concerned of two things : first, that the 
intention of the promoters and supporters of the 
Bill now before Parliament is that the practice should 
not resemble that of the United States, because it is 
considered that they are far too liberal there in grant- 
ing patents for minor inventions ; secondly, that not- 
withstanding all the precautions in the way of pre- 
liminary examination, it is notorious that there is 
far more litigation about patents in the United 
States than there is here. Some people think, or 
pretend to think, that this arises from there being 
more inventions patented there than here, But 
this is an utter mistake, It is very true the number 
of patents is far greater in the United States; but 
this arises from the fact that several heads of in- 
vention, such as it is now the practice to include 
under one patent here, are required to be split up into 
as many separate patents there. Thus itis no un- 
common thing for an English inventor to have to 
take out ten or more United States patents (we 
are not exaggerating) simply to cover what he has 
protected under a single patent here. And, by the 
way, let inventors look to this point in time with 
respect to the new Bill, for if we mistake not, they 
will find a similar practice crop up here, so that the 
patenting here of a given number of improvements 
will, notwithstanding the reduced Government fees 
on each patent, cost them two, three, or more times 
the amount they have to expend as matters now 
stand, We do not wish them to be misled without 
due warning. 

The abolition of the cumbrous wax seal, the 
extension of the term of a patent to twenty-one 
years, and the provision for enlarging the time 
within which a patent may be renewed, are all 
steps in the right direction, though we should 
prefer a certain allowance of twelve months’ grace, 
subject to even a larger fine, in lieu of the pro- 
posal to leave the matter to the Lord Chancellor's 
discretion. In Belgium’six months’ grace is allowed 
for the paltry sum of eight shillings, yet we believe 
most of the annuities are paid before the period of 
grace commences. The fine should be sutfticient in 
amount to guard against abuse—which is the less 
likely to occur seeing that no proceeding is to be 
taken in respect of an infringement committed 
within the enlargedtime. The advantages likely to 
result from the provisions that a patent shall have 
the like effect as against the Crown as it has as 
against a subject, appear somewhat “dubious, seeing 
that the terms are left to be settled by the Treasury, 
The next clause in the Bill is one of a very serious 
and objectionable character. It provides that a 
patent shall be liable, at any time after the expira- 
tion of three years after its date, to be revoked on 
either of two grounds. One of these grounds is, 
that the patentee fails to use or put in practice 
the invention, by himself or his licensees, to a reason- 
able extent, within the United Kingdom, or to make 
reasonable efforts to secure the use or practice 
thereof there, proof ef the contrary whereof shall lie 
on him. This clause opens up a splendid field for the 
lawyers, and a most gloomy prospect for patentees. 
It is so framed as to make the validity or invalidity 
of a patent about as uncertain as the skill of 
man could possibly make it, leaving the question 
entirely to the varying opinions of the judicial au- 
thorities. It will become necessary to inquire into 
the patentee’s affairs after the fashion of the 
Income Tax authorities, but with much more 

rticularity, in order to ascertain whether, regard 

eing had to the patentee’s means, he has made 
what the judge may consider reasonable efforts, 
the meaning of which is so utterly uncertain 
as to place the validity of the patent entirely at the 
judge’s mercy. How this will work in the hands of 
anti-patent judges remains to be seen. There is 
absolutely nothing to show the patentee what he is 
to do to be safe. And the evil of the proposal is 
aggravated by the fact that it is wholly needless, 
for it is immediately followed by another sub-section 
of the same clause, providing for revocation of the 
patent if it is made to appear to the Lord Chancellor 





that, in order to insure a proper supply to the public 
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of articles produced under the patent, or proper 
means for the use of the invention by the public, 
licenses are necessary, and the patentee fails to 
grant licenses to proper aot requesting the 
same, on terms which the Lord Chancellor, having 
regard to all the circumstances of the case, deems 
reasonable. If we are to have any compulsory pro- 
visions as respects the use of patented inventions, 
surely that last mentioned is more than enough, If 
the invention be not in use or practice to a reason- 
able extent (whatever that may from time to time 
happen to mean) within three years, and if no one 
has required a license, though having the right to 
enforce its being granted, one might suppose the 
fault would scarcely lie with the patentee, seeing 
that he will then be called upon to disburse 50/. 
for revenue or to lose his patent. But this is not 
enough—the mighty arm of the law must be brought 
in at this, as at every other possible stage, to crush 
the barely tolerated inventor. Why this should be, 
we are really at a loss to conceive. It may be 
‘‘ conservative,” but we cannot see it in that light. 


THE SOCIETY OF TELEGRAPH 
ENGINEERS. 

Tue paper read before this Society on Wednesday, 
the 14th ult., was ‘‘ On Shunts, and their Applica- 
tion to Electrometric and Telegraphic Purposes,” and 
was from the pen of Mr. W. H. Preece, C.E., one 
of the vice-presidents of the Society. ‘The object 
of this paper was not so much the suggestion of 
anything new as the bringing together in a con- 
nected form much that has hitherto been scattered 
and only, perhaps, partially known. With this in 
view the author after dealing with the technical 
terms, affixing to each the meaning which it was his 
desire they should convey, proceeded to show the 
nature, employment, and utility of the arrangement 
comprised within the term “ shunt.” 

The term ‘‘ shunt” is perhaps hardly an expressive 
one to those outside the electrical world, and before 
proceeding further with the subject it may be 
desirable to make its meaning more clear. Suppose 
then we have a wire A B, and we sever this wire 
at C, and there insert two wires between the severed 
ends, we shall have one wire A toC, two wires at 
C, and one wire again from C to B; and any cur- 
rent of electricity which may be passed along this 
wire from A to B or from B to A will traverse the 
duplicated section of it in the inverse ratio of their 
resistances. If the wires forming the duplicated por- 
tion are equal in every respect then the force of 
the current passing through them will be equal, but 
if the resistance—that is its power to obstruct the 
passage of electricity—of the one is greater than 
that of the other, then the strength of the current 
in that wire which affords the lesser resistance will 
be greater than in that which offers the greater 
resistance. Thus if the resistance of one of the 
wires be 10 and that of the other 5, the strength 
of the current in the latter would be twice that of 
the strength of the current in the former. But the 
multiple portion performs yet another function which 
is of high importance. In the illustration chosen 
we have asection of two wires. Now it is evident 
that the current will traverse this section by the 
two roads open to it more freely than it will the 
single portions of wire, provided, of course, that its 
conditions are the same. ‘The joint resistance of 
any number of wires, or conductors, connected in 
‘‘ multiple are,” is found by adding together the 
reciprocals of their respective resistances, and find- 
ing the reciprocal of the result. We have given the 
two wires a relative resistance of 10 and 5, which 
worked out by the above formula gives a resultant 
resistance of 3.3. The additional wire may be re- 
garded as a shunt, and it will perhaps be gathered 
from what has been said, that one of its func- 
tions is to diverta portion of the current, and 
another to reduce the resistance of the circuit in 
which it is interposed. 

Having dealt with the mathematical formule, Mr. 
Preece proceeds to consider the practical uses in tele- 

raphy to which shunts have been applied. The late 
Sir Charles Wheatstone in 1843, in a paper pub- 
lished in the Philosophical Transactions of that year, 
proposed the use of a derived circuit equal in re- 
sistance to the galvanometer to ascertain what degree 
of the galvanometric scale indicated 4a// the strength 
of the current corresponding to any other given 
degree. He also pointed out how the same galva. 
nometer, however delicate, might be employed to 
measure currents of different strengths without in- 





circuit by means of the same, provided the com- 
pensation resistance be introduced in the main 
circuit to maintain the same strength. 

Petrina of Linz, also, in 1842, proposed a shunt of 
mercury, into which the ends of the galvanometer 
wires wereintroduced at various distances from each 
other in order to calibrate his instrument. Melloni 
also adopted a somewhat similar method in pursu- 
ing his celebrated thermo-electric and radiant heat 
researches. He showed how the insertion of a shunt 
of about one-fourth the resistance of his galvano- 
meter enabled him to indicate equal increments of 
current strength by the ordinary graduation of his 
galvanometer. 
~ It was not, however, until Sir William Thomson 
introduced his celebrated mirror galvanometer in 
1858, that the practical importance of shunts to 
telegraphy became recognised. By applying to his 
galvanometer three shunts of jth, J,th, and »}5th 
of the resistance of the instrument so that its indi- 
cations might be multiplied 10 times, 100 times, and 
1000 times, he raised it to such a state of exquisitive 
sensitiveness as to render it one of, if not the most 
valuable apparatus ever produced for telegraphic 
purposes. 

The rationale of the instrument having been ex- 
plained, the author draws attention to the fact that 
when measurements of the strengths of different 
currents are made by passing these currents direct 
through a galvanometer, an adjustable shunt 
enables the same deflection to be obtained in each 
case, and thus all errors due to the needle not being 
proportioned to the strengths of the currents which 
produce them are avoided. 

Mr. Latimer Clark has pointed out an error in 
the measurement of currents of short duration when 
using galvanometers with shunts, due to the electro- 
magnetic induction of the swinging needle upon the 
coils. The motion of the needle tends to produce in 
the coil within which it is suspended a current in 
the opposite direction to that which moves it; thus 
the reading is always below its true value. The 
error is reduced to a minimum by using very high 
resistance in circuit, In 1859, Mr. Latimer Clark 
applied a shunt of small resistance to an ordinary 
galvanometer, by which means it was available for 
testing what is recognised as ‘‘ quantity” as weil 
as “‘ intensity” currents. In 1859, the author also 
applied a shunt to one wire of a differential galvano- 
meter so as to multiply the readings of an ordinary 
box of resistance coils. Mr. C. F. Varley, C.E., 
F.R.S., and Mr. Latimer Clark, extended and sys- 
tematised this application. The improvement and 
general adoption of Wheatstone’s bridge by the 
Messrs. Siemens has effected the same object in a 
manner which enables the operator to adjust it to 
any ratio, Shunted galvanometers are now very 
generally used in practical telegraphy, and no deli- 
cate tests for insulation, resistance, or capacity are 
made without their aid. 

















One of the earliest applications of the shunt to 
working circuits was that effected by Mr. John 
Fuller in 1856, when he made use of the arrange- 
ment in connexion with the Bain’s form of instru- 
ment. The result was successful, but although, by 
its aid, improved working was obtained, the reason 
for it was not apparent, nor has this been the case 
till very recently. 

It is well known that whenever a current of 
electricity passes through a wire it converts the 
neighbourhood of that wire into a magnetic field, 
whose lines of force are circles, in planes at right 
angles to the wire, having the wire for its centre. 
Conversely, whenever a magnetic field crosses or is 
passed through a wire, or a wire crosses or is passed 
through a magnetic field, the conditions for a cur- 
rent are determined. For every current thus passed 
through a wire we get a derived, or rather two de- 
rived currents proportional to the strength of the 
current producing them, When a current is sud- 
denly formed in a wire the lines of force about it 
may be said to be projected outwards, and to move 
in one direction, and when the current suddenly 
ceases they are, as it were, drawn in, and move in 
the opposite direction. The result is, that the 
strength of the main current is reduced at its com- 
mencement, and continued at its cessation. This 
produces a variation in the flow of the main current 
which exercises a prejudicial effect upon the work- 
ing. This variation was graphically shown by dia- 
grams. Upon coiled cables these currents produce 
what is known as “false” discharge. They are 
very considerably increased by inserting in the coil 


used very largely in all telegraphic apparatus. The 
initial effect of these currents cannot be traced b 
an ordinary galvanometer, for it is mixed up wi 
the main current ; but the final effect can be elimi- 
nated from the main current and measured. Here 
then lies the main object of Mr. Preece’s paper. 
By investigation and experiment he has sought to 
reduce these derived currents to a principle, and so 
to learn by what means they may best be combatted 
in order that their evil effects may be either reduced 
or completely destroyed. From his first series of 
experiments, made with a single electro-magnetic 
coil, taken from an ordinary direct writer Morse 
instrument, he found that the strength of the derived 
or extra current increased with the extension of the 
core until its maximum was reached by joining the 
two poles of the iron core by pieces of metal of a 
like description. The current from the simple coil 
without any extension of the core formed the unit 
of comparison. The maximum current obtained 
was 36] times greater. His second series of ex. 
periments was made with a pair of coils, the coreg 
of which were connected in various ways by a piece 
of iron. The maximum extra current was in this 
case 304 times as great. The ordinary form of an 
electro-magnet with the soft iron cross-piece was 
next tried with a maximum result of 2238 times that 
of the unit current. In this experiment the coils 
were joined up in series. Connecting them in 
‘* quantity” reduced the effect to 502. 

hese effects, Mr. Preece points out, show that the 
nearer the core of the magnet approaches in form 
the unit coil the less will be the induction. The 
more it approaches a closed curve of iron the greater 
will it be. Moreover, that it is a source of electricity, 
the currents of which, though short in duration, can 
be varied at pleasure, either by varying the resis- 
tance of the circuit, or by varying the intensity of 
the field producing it, viz., by sliding on or off the 
armature, or by moving in or out the cores of the 
magnet. And he further reasons that the smaller 
the mass of iron forming the core, and the less the 
length of wire encircling it, the less will be the in- 
duction. 
Low resistance, however, and small magnets, in- 
volve much trouble in adjustment, hence a com- 
promise has to be effected between experience and 
theory. The drawing out or prolongation of the 
current due to static induction has the tendency 
upon relays—if the currents are sent rapidly—to 
make the signals run together. Mr. Preece showed 
how this had been reduced by Mr. J. B. Stearns in 
America, and more recently in England ; but Mr. 
Preece went further than this, for he showed how, 
by the ‘interposition of an electro-magnet with an 
adjustable armature, the source of this mischief 
itself might be made available to neutralise the 
retarding influences of the disturbing current and 
to increase the power of the main cvrrent; in 
fact, to preserve the contour and the construc- 
tion of currents in long lines so as to render 
them as close and compact in form as are those on 
shorter lines uninfluenced by secondary or derived 
currents. This, as our readers will see, practically 
means a higher rate of speed on long a 
lines or wires worked by rapid currents, as the 
Wheatstone for instance. It therefore becomes a 
question of great moment, and it-is probable Mr. 
Preece’s investigations will have some influence on 
the future construction of electro-magnets for tele- 
graph apparatus, and that some arrangement, such 
as that used by others, and instanced by him as 
suitable for the purpose, will become a part and 
portion of the recording apparatus of every impor- 
tant telegraph circuit. There are several other 
points in the paper which we are unable to dwell 
upon for want of space, or we should have been 
pleased to notice the labour of others (to whose 
names Mr. Preece has given prominence) in the 
same direction. 
The paper was illustrated by numerous diagrams, 
and the experiments were made by means of Mr. 
Latimer Clark’s reflecting galvanometer, an instru- 
ment than which nothing can be better suited for 
such a purpose, the readings being visible from every 
part of the room. 








THE FAIRLIE ENGINE. 
Arter the lapse of a considerable number of 
years the merits of the Fairlie system have 4 
parently been recognised in Australia. It will b 
remembered that about 1866 three so-called Fairlie 
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ing it into an electro-magnet—a form of coil now 
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Railway of Queensland, and sent out to that colony. 
These orders were executed without the supervision 
of Mr. Fairlie, and between mistakes in design, 
faultsin construction, and prejudice in the colony, 
they turned out—so it was alleged—an absolute 
failure, and after lying idle for some years (two of 
them we believe were never taken from their pack- 
ing cases) they were reshipped to England, and 
purchased by Mr. Fairlie, who made the necessary 
alterations, and put them to work, two in South 
Wales and one in Monte Video, where they have 
been giving excellent results ever since. The un- 
fortunate results attending this first introduction 
of the system in Australia, strengthened the hands 
of the opposition to the system, and it has been 
at last only through the characteristic energy of 
Mr. Fairlie that a decided change has been made 
in public opinion in this respect, and the efficiency 
of the system demonstrated. Last year one of the 
members of the firm went to Queensland, and Mr. 
Fairlie sent out an engine on his system to be placed 
for trial on the Southern and Western Narrow Gauge 
Railway. The following are the leading dimensions 


of this engine : ft. in. 
Gauge... ie we ree 38 6 
Number of cylinders 4 
Diameter 99 ese 0 11 
Stroke » iis és 018 
Diameter of boiler inside ... ae 2 113 
mgth ~ Pom 8 0 
Number of wheels ... 8 
Diameter om eon ne Re 3 3 
Wheel base of each bogie ... 5 0 
Total wheel base _... ° 20 8 
Outside width of firebox 3 2% 
Length of firebox oe 6 6 
Number of tubes 246 
Diameter ,, oe 1} in. 
Heating surface, tubes 856 sq. ft. 
~- ‘a firebox ... oe 
Total heating surface 906 CG ns 
Grate area ... me a 
Capacity of water tanks os .. 750 gals 
pa »» coal space <i *. .. 20 cwt. 
Weight in working order ... kad .. 28 tons 
Tractive power at rails with 90 lb. steam 
pressure in cylinders - 10,0501b. 


This engine was tested for the first time on the 
27th of October last, on the section of the line be- 
tween Grandchester and Laidley, the heaviest portion 
of which lies between Grandchester and the Victoria 
tunnel, where the line crosses the summit of the 
Little Liverpool range. On this length, a distance of 
four miles, the heaviest gradients occur, the rise to 
the tunnel being continuous, although the inclines 
are comparatively moderate, varying from ] in 50 
to | in 120, while the curves are very sharp, some of 
them 330 ft. radius. The engine took a train load 
of 120 tons up this incline. We have so often and 
in so much detail described the results obtained at 
various trials of Fairlie engines that we need only 
say here that the test was in every way successful, 
the engine starting on the heaviest grades without 
difficulty, and keeping at all times full control of 
the train. It was intended to have had a com- 
petitive trial with one of the ordinary engines 
belonging to the line, but as the maximum perfor- 
mances of these were of course well known, it was 
deemed quite unnecessary, in the face of the great 
superiority of the Fairlie engine, to make any com- 
parative runs. We believe that we are justified in 
stating that this trial will immediately result in the 
adoption of the Fairlie system in Queensland, a 
course which ought to have been taken years ago, 
and which doubtless would have taken place, had it 
not been for the unfortunate failure of which Mr. 
Fairlie was entirely innocent, but for which he has 
had to suffer much. With the Fairlie engine the 
Queensland Railway Company will be in a better 
position to control their traffic, and manage it with 
more economy, and they will possess a system by 
which they will be enabled to construct future ex- 
tensions with less regard to gradients and to curves, 


and with a corresponding reduction in construction 
expenditure, 








NOTES FROM THE NORTH. 
: Guaseow, Wednesday. 
Glasgow Pig Iron Market —The warrant sanekeat ‘was 
—- t last Thursday forenoon, when a large business 
was done at 56s. to 55s. 104d. cash, closing with buyers at 


the latter and sellers at the former quotation. Flatness 


was also the rule in the afternoon, with business done at 
yes 10d., and 55s. 10}d. one month, and 55s. 104d. cash, 
“oe sellers at the latter price, buyers 55s. 9d. 
. ers quotations for Gartsherrie and Eglinton brands 
ere reduced 1s. per ton, for No.1 Glengarnock 1s. 6d. 
per ton, and for Nos. 1 and 3 Summerlee 1s. per ton. The 
it market was ard on Friday, and 


rices went down 3d. ton. Business ed 
B5e. Ba. resedinn to 55s. d., and closing in the. ae Hang 


sellers 55s. 7}d., buyers 55s. 7d. In the afternoon 
55s. 7d. cash was paid, and the market closed, sellers at 
those prices, buyers pretty near. There was no improve- 
ment on Monday, and prices fell about 6d. per ton, closing at 
a lower quotation by 6d. than had been touched for four 
years previously. | Ao ee opened at 55s. 7d., and there 
was a decline to 55s. 44d. one month and cash, at the 
latter of which prices a good business was done. In the 
afternoon, 55s. 3d., and latterly 55s. 14d., cash, were ac- 
cepted, and themarket closed, pee bo at 55s. 14d., buyers 55s. 
Yesterday’s market open dull, but a good business sprang 
up, and prices improved, but again receded. At the open- 
ing sellers gave way 14d., and several transactions took 
place at 55s. cash and 55s. 1}d. one month, but prices 
mounted up 3d., and the forenoon market closed, sellers 
55s. 3d. cash and 55s. 4$d. one month, buyers 14d. less. 
In the afternoon 55s. 1¢d. cash and one month was 
paid, and the market closed buyers 55}$d. cash. There 
was a very firm market this forenoon, when business 
was done in warrants at 55s. 4$d. one month fixed to 
55s. 6d. cash in a week, closing buyers 55s. 6d. fourteen 
days, sellers 55s. 6d. prompt cash. The firmness was 
continued during the afternoon, and business was done at 
55s. 6d. one month fixed, the market closing with buyers 
at that price, sellers 55s. 7d. The Continental demand for 
spring shipments is slow of developing itself, the amount 
of business done as yet having been very limited. The 
demand for home consumption continues, but the con- 
tinual inflow of Cleveland pig iron has a depressing in- 
fluence upon the Glasgow market, which has been in- 
tensified by the disposition shown by makers to accept 
lower prices. The inference drawn from this action, at a 
time when activity should prevail, is that reductions are 
likely to go on until a demand is created for iron. At 
present it exists in only a limited degree. Holders also 
are wavering in their confidence now, which is usual when 
things are about the worst. Last week’s shipments 
amounted to 6559 tons, as against 5986 tons in the corre- 
sponding week of last year. There has now been a decrease 
of 4306 tons in the shipments since Christmas, when com- 
pared with the same period of 1875-76, while there has been 
an increase of fully 12,000 tons in the imports from 
Middlesbrough. The number of blast furnaces in opera- 
tion remains unchanged, 119 as against the same number 
at this time last year. 


Shipments of Iron Manufactures.—Amongst the - 
ments of iron manufactures, &c., from the Clyde last week, 
there were the following. For Calcutta : Four locomotives 
and tenders, 45661. ; gas apparatus, 20001. ; cast-iron pipes, 
20131. ; castings, machinery, &c., 25001. For Bombay : 
Cast-iron pipes, 1033 tons, 6135/. For Dunkirk: Malle- 
able iron tubes, 10771. For various ports: Machinery, 
20007. ; castings, 11001.; sundries, 8001. 


Tugboats.—There is now a marked disposition on the 
Clyde to go in for screw towing vessels, and to be inde- 
pendent of the Tyne for all future additions to the Clyde 
fleets of tug steamers. One company has been formed 
within the last year or two specially to work with screw 


business is now getting his second screw tug built, the 
first one, which was built last year, having proved herself 
to be almost everything that could be desired alike as to 
speed and power, and the economy of her engines. 


New Shipbuilding Yard on the Clyde.—Ground has been 
found and measured off for the purpose of forming a ship- 
building yard at Scotstown, near Glasgow, below the large 
yard of Messrs. Charles Connell and Co. A large portion 
of it will be in the burgh of Partick, and the other in the 
county of Renfrew. The firm who contemplate starting 
the concern will be made up of three of the members of 
two well-known shipbuilding firms, at present doing ex- 
tensive business in Whiteinch and Dumbarton. The 
amount of ground found is of considerable extent, and will 
admit of half a dozen large-sized vessels being arranged 
under construction at once. 


Extraordinary Run of the Steamer Nyanza. — The 
Union Company’s Royal Mail steamship Nyanza, Captain 
Warleigh, one of the direct line, from Natal and Algoa 
Bay to Plymouth and Southampton, has just made an ex- 
pee yp run home. She left Algoa Bay at 6 p.m. on 
the 26th of January, and Madeira at 11 a.m. February 14, 
making the voyage in 23 days 16 hours, inclusive of 12 
hours’ stoppag Her ¢ ge from Natal to Algoa Bay 
was accomplished in 31 hours, the fastest on record, and 
she a Natal papers of January 23, making the time 
between Natal and Plymouth just 26 days and a few hours, 
the fastest run ever made by any vessel. The Nyanza 
was formerly a paddle steamer in the P. and O. line, when 
she was noted as an exceptionally slow vessel. In 1873 
she was converted into a screw, and engi Messrs. 
Gourlay Brothers and Co., Dundee, with the most excellent 
results. The extraordinary run just made by the Nyanza 
adds another to the many successes achieved by Messrs. 
Gourlay Brothers and Co. in shipbuilding and marine ae 
neering. In addition to the above feat in steaming, the 
Nyanza had previously made the fastest passage on record 








from the Cape home. 


The Duke of Sutherland’s Agricultural Improvements.— 
His Grace the Duke of Sutherland, accompanied by a party 
of gentlemen, recently paid a visit to his estates in Suther- 
landshire, with the view, it is understood, of making 
preparations for the commencement of extensive agri- 
cultural improvement operations in Kildonan Strath, 
where a large area of splendid land has been fixed upon 
| as the new scene of operations, similar to those recently 
completed at Lairg. It is probable that the new works 
will be commenced at no very distant date, and that the 
Steam traction engines, ploughs, and other plant will be 
removed from Lairg immediately. 


Burntisland Dock.—The North British Railway Com- 
any have intimated to the Burntisland town council that 








tugs, and a Clyde timber importer having an extensive | J. C 





owing to the determined opposition offered to their or 
committee pro for the ment of Burntisland 
Dock, they have decided to withdraw from their bill the 
clauses relative thereto. The company at the same time 
intimated their readiness to advance funds for the further 
equipment of the dock. They have also instructed their 
engineer to proceed with the alterations for removal of the 
rails laid down on the west side of the harbour, so as to 
allow the 15 ft. roadway giving access to the west foreshore 
claimed by the burgh authorities. The Fife and Clack- 
mannan Coalowners’ Association had also taken up a ve 
decided position against the railway company’s seeped 
by memorial to the Board of Trade. 


conayon, 3 Extension at Burntisland.—The propert; 
known as Lammerlaws, which overlooks the Firth of Forth 
east of the town of Burntisland, has just been purchased by 
the North British Railway Company, for the purpose of ex- 
tending their station accommodation at that important por- 
tion of their system. In order to secure it, they outbid the 
War Office authorities, who recently renewe d negotiations 
with the object of acquiring it for a military station. The 
railway company are understood to have paid 80001. for the 
property; which is one-third above what its late owner 
paid for it some years ago. 


Edinburgh and Leith Engineers’ Society.—A meeting 
of this society was held last Wednesday night, Mr. William 
Allan Carter, C.E., in the chair. A paper was contributed 
by Mr. C. Graham Smith, C.E., on ‘ Pine and Fir Timber.” 
After describing the various kinds of fir wood, Mr. Smith 
entered upon the subject of the preservation and seasoning 
of wood in general. He polation out that one of the best 
agents for fat purpose was a proper supply of fresh air. 
Without this it is next to impossible to preserve wood from 
one or other of the three kinds of decay—dry rot, wet rot, 
or the putrid fermentation of the sap. In referring 
to artificial modes of drying, the writer described the 
process <n by Sigismund Beer, which consists in boil- 
ing the timber in a weak solution of borax, and afterwards 
washing it in hot water. In this way the wood seasoned in 
a few weeks, and was improved in hardness and texture. 
The next matter considered was the strength of pine and 
fir timber, on which the haziest notions had all along 
existed. The constants adopted by the old authorities in 
their calculations having been deduced from experiments 
on small picked pieces of wood were found not to suit 
when applied to large and sometimes knotted beams used 
in aetual work. Mr. Smith gave details of experiments on 
large beams, from which he deduced different, and in 
practice more reliable, value of these constants. 








Tue INSTITUTION OF CIVIL ENGINEERS.—The second 
series of supplemental meetings for the reading and dis- 
cussion of papers by students will commence on Friday, 
the 2nd of Maesh. and be continued weekly during the 
remainder of that month. The subjects to be dealt with 
at these meetings will be ‘‘On Fen Drainage in South 
Lincolnshire,’ by Mr. H. J. Tingle; ‘‘On Waves, and on 
Structures designed to resist their Force,’’ by Mr. W 

. Chalk ; ‘‘On the Comparative Merits of Wrought-iron 
Plate and Trussed Girders,’’ by Mr. R. J. G. Read; and 
‘* On Mechanical Puddling,” by Mr. N. Watts. The gen- 
tlemen who have undertaken to preside on these occasions 
are, Sir J. W. Bazalgette, C.B., member of council ; Mr. 
Abernethy, vice-president ; Mr. Woods, and Dr. Siemens, 
members of council respectively. It has also been inti- 
mated that Dr. Siemens has been pleased to invite the 
students to visit his telegraph works at Old Charlton, on 
Saturday the 7th of April, at 11.a.m., when the various 
processes connected with the manufacture of telegraph 
cables and apparatus will be explained and illustrated. 
The annual dinner has been fixed for Wednesday the 18th 
of April, at Willis’s Rooms, King-street, St. James’s. 





Tue METEOROLOGICAL SocieTy.—The usual monthly 
meeting of this Society was held on Wednesday the,21st 
instant at the Institution of Civil Engineers, Mr. H. 8S. 
Eaton, M.A., President, in the chair, William Adams, 
Thomas Black, Robert W. Munro, and R. Bowie Wall- 
cott, M.D., were elected fellows, and Mons. U. J. Le 
Verrier, Director of the Observatoire National, Paris, an 
honorary member of the Society. The President gave an 
inaugural address. After referring to the various theories 
advanced to account for changes of climate he observed 
that, in drawing deductions from a long series of observa- 
tions of the temperature of the air, it is important to as- 
certain whether the conditions of the surrounding district 
have altered. Otherwise.changes in reality due to local 
causes may be erroneously assigned to secular variation. 
The climate of London has thus been modified by the con- 
sumption of fuel and the vast population. He estimated 
that the heat developed from the present annual consumption 
of 5,000,000 tons of coal onthe metropolitan registration area 
of 118 square miles, and from all other artificial sources 
would suffice to raise the temperature of a stratum of air 
100 ft. in depth resting on that area, 2.5 deg. every hour. The 
effect of the growth of the population of London from 
900,000 at the commencement of the century to 3,500,000 
at the present time, and of the still greater increase in the 
comparative consumption of coal was manifested by the 
rise in the average temperature of the air at the Royal 
Observatory, Greenwich, which place was year by year 

oming mote surrounded by a net-work of houses and 
population. For this reason Greenwich was not a suitable 
lace for a meteorological observatory of the first order. 

r. Eaton subsequently referred to some of the practical 
difficulties experienced in pursuing the study of dynamical 
meteorology. The following papers were then read : ‘‘ Baro- 
metrical and Thermometrical Clocks for istering Mean 
Atmospheric Pressure and Temperature,’ by William 
F. Stanley, F.M.8. ‘Solar Thermo-Radiometer,” and 
‘*On an Improvement in Minimum Thermometers for 
Terrestrial Radia: tion,’ by James J. Hicks, F.M.S. 
Several instruments were also exhibited. 
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WANNIECK AND KOPPNER’S VALVE GEAR. 
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Fie. 1. 























Fig. 3. 

Ix the course of the year 1878 we illustrated in 
this journal (vide page 375 of our fifteenth and 
pages 380 and 386 of our sixteenth volumes) an 
engine constructed by Mr. Frederick Wannieck, of 
Briinn, and exhibited by him at the Vienna Exhi- 
bition, one of the chief features of this engine y 
being the expansion gear, which was an arrange- 
ment patented by Mr. Wannieck and Mr. Képpner. 
Since the date just referred to, however, Messrs. 
Wannieck and Képpner have modified the gear and 
rendered it more simple, and we now illustrate on 
the opposite page an engine fitted with this improved 
gear, while on the present page we give views which 
will explain the details of the arrangement. 

In the valve gear under notice the degree of expansion 
at which the engine works is controlled by the governor, 
which regulates the point at which the cut-off valve is 
released and allowed to close. In our engravings the 
Perspective view is a back elevation of the ine, 
while Fig. 1 is a detail: view of the detaching gear, 
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Fie. 7. 
and Fig. 2 a sectional plan of the cylinder and valve 
chest ; the other figures we shall refer to presently. As 
will be seen from the general views the engine is of neat 
design, the frame being of the Corliss type, and it is 
fitted with a high-speed governor driven by a belt from 
the crankshaft. It will be seen that the variation in 
the height of the governor balls is transmitted by a 
simple arrangement of rods to a bar which moves up and 








down in guides cast on the cylinder, this bar having at 
the lower end a horizontal cross-piece. 

This last-mentioned arrangement may be seen in detail 
in Figs. 1 and 2, where o o' represents the horizontal 
cross-piece, which is fastened b of set screws to 
the bar moved up and down by the governor. The higher 
the weight of the governor rises, or, in other words, the 
quicker the engine runs, the lower this cross-piece o o' 
sinks, and vice versd. The mechanism of the valve gear 
may be seen in Figs. 1 and 2; the general arrangement is 
similar to that of Mayer’s double slide-valve system, 
as both slide valves a a’ (see Fig. 2), firmly connected 
with each other by means of the connecting rod 6, are 
moved direct by an eccentric on the main shaft. On the 
back of the slide valve aa’, however, are two expansion 
valves c c', which are independent of each other. These 
latter are attached to the valve rods ee’, which pass at 
both their ends through stuffing and valve-boxes, each 
carrying at its inner end a square head piece h h/, and 
at the outer one a pistonié' fitting air-tight ina cylinder. 
These valve rods, which may be moved independently of 
each other, as already stated, are thickened (//') on that 
side where the pistons i ¢’ are, in such a manner that there 
will always be an excess of pressure on the section / 1’ 
inside the steam chest (when filled with steam), and the 
valves, left to themselves, will be pressed outwards. The 
movement of the valve rods //', and.therefore also of the 
expansion valves cc’, may easily be regulated by means 
of the set screws k k', these screws controlling the escape 
of the air behind the pistons i i’. In the following de- 
scription of the action of these arrangements it must be 
borne in mind that the two valves cc’ are not connected 
with each other, but that if left to themselves each of 
them is at once driven outwards. 

On the connecting rod } of the main valves a cross- 
head d (Fig. 2) is keyed of such a shape as to form a 
guide of the two square heads of the expansion valve 
rods. Immediately above the guide channel for 
these heads, are two pawls gg’ (Fig. 1), which 
turn round the pins f /’, and which tend downwards by 
their own weight. se two pawls or catches gg’ are 
provided with notches at their lower front wah into 
which fit, in a corresponding position, the square heads of 
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the expansion valve rods, so that when the main valve rod 
6 (Fig. 2 is pushed so far to the right or to the left till 
it overtakes one or the other of the expansion valve rods at 
their extreme positions, the corresponding pawl falls over 
the square head of the expansion valve rods, and takes it 
with it at its return motion. Toavoid misunderstanding 
it must be here observed that in Figs. 1 and 2 both heads 
Ah’ of the expansion valve rods are shown to be exactly 
in the middle, and the pawls engaged, a position which 
cannot possibly occur when the engine is in action. 

Let us now follow the operations during a single stroke, 
and assume the piston to be on its return from the right 
to the left. The valve rod } (Fig. 2) with both its valves 
aa’ will, of course, have been driven by the eccentric 
so far to the left that the valve a, on the left-hand side, 
is in communication with the exhaust (see Fig. 3). This 
shows at the same time the extreme position of that valve, 
and also that point in which the pawl g of the crosshead d 
has been pushed so far to the left that the same can 
drop over the head A of the expansion valve rod. On 
the return of the valve (Fig. 4), the main valve a, and 
with it the expansion valve c, are moved with the same 
velocity from the left to the right, whilst the right-hand 
expansion valve, not being attached by means of the 
pawl, remains at rest in its extreme position at the right- 
hand side. Fig. 5 represents the steam port still further 
opened, while on the right-hand side the communication 
with the condenser is complete, but the right-hand ex- 
pansion valve is still at rest. Immediately after the 
position shown in Fig. 5, comes that of Fig. 6, where the 
upper bent arm of the pawl g strikes on the left-hand end 
of the horizontal bolt 0 0', by which the expansion valve 
rod becomes disengaged and the valve returns to its 
normal extreme position at the left-hand side. In a 
similar manner the pawl g’ comes now in action on the 
further progress of the valve rod 4, and in such manner 
there is an alternate disengagement of the two pawls gg’. 

This arrangement is very simple and ingenious, and 
avoids all complicated mechanism. It is scarcely neces- 
sary to explain that in cases of the sudden alteration in 
the absorption of the engine power, the horizontal bolt 
oo’ will be lifted or lowered, and the disengagement of 
the pawlsgg' takes place earlier or later, and therefore the 
cut-off takes place early in the former, and later in the 
latter case. That the arrangement is very sensitive is 
evident, and experience has shown that it is not inferior 
in this respect to the Corliss valve motion. The arrange- 
ment shown can also stand a deal of rough handling on 
account of its simplicity. 


To THE Epiror oF ENGINEERING. 

Sr1r,—Reading in your journal two excellent articles on 
spontaneous combustion of coal in ships, induces me to 
address you on the most vital part of that important ques- 
tion, namely, prevention. 

With all deference to the Royal Commission appointed to 
investigate the subject, with the best of intentions beyond 
doubt, it has been, in the opinion of the majority of those 
who understand the question, a failure. The most per- 
severing pains appear to have been taken to discover the 
cause of heating, and scientific skill has been strained to 
elaboration to discover what was comparatively well known 
before, and which being governed by natural laws are diffi- 
cult to remedy in a practical sense. But little has been 
done to point out a really efficient =e of ignition. 
Steam and water are recommended. In sailing ships the 
former is simply ‘‘ reeommending”’ buoyancy to a drowning 
man instead of throwing him a rope. As for water, well— 
scuttling the vessel will certainly put the fire out—but if it is 
intended for pouring downwards, worse advice could never 
have been given, for we have abundance of proof that if the 
surface of a cargo approaching ignition is deluged with 
water, itis even worse than useless, as it has the mis- 
chievous effect of reaching the hot coal a few feet down, 
and there causing a thick crust of coke to form over the 
burning part, which no water will penetrate, and it runs 
uselesaly down the sides of the ship—to be pumped out again 
—or sink the ship. I have myself seen two instances of this 
coking after flooding, in one case the coke was 1j ft. thick. 

I will pass over the rather chimerical proposal of car- 
bonic acid gas, and up to the present no practical method 
of preventing ignition by subduing dangerous heating in 
time, keeping it completely under control, and finally re- 
moving all danger, has yet been either proposed, tried, or 
successfully carried out, except that which I beg to describe 
further on, and which I am endeavouring to the utmost to 
make known, chiefly for the benefit of those whose lives 
are jeoparded in mid-ocean, for with some honourable 
exceptions, shipowners appear to show an indifference in 
the matter, not very difficult to acccunt for, but not over 
creditable to them as a body, the whole being only a matter 
of £8. d. between them and underwriters, who both in this 
element can protect themselves, while the unfortunate ship- 
master and poor Jack have to bear the brunt in battling 
with atreacherous and insidious foe that knows no mercy. 
The cause of heating being as well ascertained as can be 
desired, and practically impossible to reverse as a natural 
law, let us deal with effect, and which I will show can, and 
has been, successfully dealt with, and I consider it a duty 
to disseminate as much as possible the simple and inex- 
pensive method of preventing those direful calamities so 
often occurring amongst those who have to face the danger. 
I regret to say that although my method, and the perfect 
success of it was communicated and commended to the con- 
sideration of the Royal Commission by the Chamber of 
Commerce of the greatest coal shipping port in the North, 
it was passed over without notice, when a large number of 











influential gentlemen, interested in the subject, earnest and 
practical men, eminent in science, whose sound opinions 
and judgment in the matter are second to none in the 
Magien, had pronounced it the ‘‘ Eureka’’ of the desidera- 
tum so long sought. 
Prefatory to describing the appliance, it will be necessary 
to say that the first heating invariably takes place under 
and in the immediate vicinity of the hatches, principally the 
main hatch, owing to the great accumulation of s and 
dust coal forming a large cone there, as the coal is poured 
down in the o way of loading at drops or spouts. 
Now this cone of dust coal is wholly undisturbed by the 
trimmers, while all the rest and coal, as it rolls 
down its sides, is shovelled away to ot: oe of the hold 
and remains quite cool, when the cen nucleus of dust 
coal, often full of powdered pyrites, is gradually heating, 
slowly at first but rapidly at last, the friction in shooting 
it down greatly accelerating the first heat. The experience 
of upwards of twenty years carrying coal round the Cape, 
and the most diligent inquiry from experienced captains, 
has failed to show a single instance of first heating between 
the hatches. Therefore, if the heated part in the centre 
beneath the hatchway within a radius of 5ft. or 6 ft. can 
be removed, all is over. Difficult as this may ap- 
to the uninitiated, nothing is more easy and simple, 

if done in time, before it gets too hot, and this can always 
be ascertained to a nicety by the constant use of probe > 
drawing them out frequently and feeling them with the 
hand, thus warning a watchful master of heat increasing 
to a dangerous point, which once known, no time must be 
lost in checkmating the enemy before it gets the upper hand. 


Fig.1 
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In describing the method of subduing the heat (which has 
never failed in cases I have had to contend with) I cannot 
do better than quote from the able paper of Mr. Theo. 
Wood Bunning, read by that gentleman before the members 
of the Institute of Mining and Mechanical Engineers, 
Neweastle-on-Tyne, in which he did me the honour of in- 
troducing the appliance, and which received the unanimous 
approval of the assembly. I have Mr. Bunning’s kind per- 
mission to make use of the extract on admitting it to be 
taken from the Minutes of the Institute, and transcribe it 
verbatim. 

‘**Tn 1852 I sailed with a cargo of coal from Sunderland 
to Madras without ventilators. After passing the Cape 
we were alarmed at seeing smoke issuing from the main 
hatchway. This caused a panic among my crew, and a 
clamour was made to get the boats ready, and they insisted 
on preparing to abandon the ship, which I had some difii- 
culty to overrule. Now, after looking at the thing in all 
its bearings, I determined to try and save ship and life 
otherwise. I had on board some long iron rods, a few of 
which I had roughly pointed and driven down into the 
cargo in different directions, allowing them to remain a 
short time, drawing them out, and feeling them all their 
length by the hand, marking the hottest parts with chalk. 
By repeating this we found the hottest place was directly 
under the hatchway, and in the centre it was so hot that 
we could not touch the bar, the heated part of the coal 
forming a nucleus of about 12 ft. diameter, while the iron 
rods driven down diagonally showed that in the other parts 
of the hold all was comparatively cool. After some trouble 
in getting my crew todo as I wished we roughly squared 
four studding-sail booms, and knocking down all bulkheads, 
and even part of bulwarks for boards, we formed a square 
trank about 16ft. in length, forming the frustrum of a 
pyramid, being about 4ft. 6in. square at one end and 3ft. 
at the other, thus having a taper of 18in: We then dug 
down as far as we could and placed the large end of the 
trunk in the hole, with a man inside, who dug the coal out 
from under it, passing the coal up in buckets while we 
forced the trunk down as the coal was removed. After 
getting down about 6ft. we found it so hot that a man 
could only remain a short time in the smoke and heat, and 
had tobe relieved frequently, and work with their feet in 
buckets to save them from Tutnian. We now found that 
as fast as the coal was removed at the bottom the trunk 
erept down without forcing, owing to its conical shape and 
the rolling of the vessel. In seven hours we had it right 
down to the keelson, then splitting out each alternate board 
we grubbed out most part of the surrounding hot coal, 





) windsail rigged over it, tying the foot of the sail round 
| the top of the trunk, driving « strong current of air down 
to the bottom, which radiated through the sides where the 
boards had been removed, and waited for the result. The 
next day, about twenty hours afterwards, I went down to 
the bottom of our pit, and had the inexpressible pleasure 
of finding the op oa milk warm, and by continni 
the use of the windsail whenever the weather permitted 
smoke and heat disappeared. We thus succeeded in pre- 
venting it from bursting into flames, which would certain] 
have occurred in a short time.” Since this first success t 
have, within the period of twenty years, twice repeated 
the operation when ignition threatened, the probe rods 
faithfully warning us of the increase of heating, and taking 
care not to allow it to get so hot that a man could not re- 
main in the trunk to dig, but sunk our shaft as above de- 
scribed and subdued the heat, in time. 

So great is my confidence (after those proofs) in havin, 
perfect control over the » that I have boldly sail 
= a = of omg (Table Bay) and launched into the 

ndian n when I knew my coal was getting very hot in 
the main hatchway, but had it all cooled down long before 
crossing the meridian of Madagascar, without at all alarm- 
ing myself, quietly putting a trunk down in proper time, 
and nipping the danger in the bud. Should bad weather 
come on during the operation, the trunk can be cut in two 
and ‘he hatches battened down until the weather moderates, 
when the upper part can be put on again and battened to 
the lower one and the whole sunk down ; the deeper it gets 
down the more tendency it has to force itself downwards 
from the causes above explained. 

I have little faith in fixed ventilators, for statistics have 
shown that as many ships have been burnt with ventilators 
as without them, and unless the whole cargo is catacombed 
with them they are of little avail, and this is impracticable. 
Perhaps few men have experimented more than myself with 
fixed ventilators, and although I have discovered a very 
simple method of maintaining a constant current of air 
through the whole (which I will be happy to communicate 
to any one who wishes to make use of it), I consider them 
a futile and rather expensive appliance, while the cost of 
materials for making the cone, or trunk, above described, 
is 31. or 4l., the whole can be nailed together in a day, and 
sunk down to the keelson in another, and, if not required, 
the materials are useful for other purposes. 

Bearing in mind that the danger is always localised to 
the hatchway, and the central part thereof always the 
hottest, it will be seen that when the trunk is fairly sunk 
down, 20 superficial feet of the central nucleus of the heated 
coal is removed from top to bottom, and this removal of 
the heated part is extended through the openings when 
each alternate board is removed and the whole transformed 
into a cage, through which the surrounding small and 
dust coal can be made to run and be sent up for jettison, 
and then the whole ventilated until cooled down, then all 
danger is past. 

I am, Sir, your obedient servant, 
Henry T. Scorr. 
12, Grove-street, Newcastle-on-Tyne, February 12, 1877. 


THE MINERAL WEALTH OF JAPAN. * 
By Henry 8S. Munrosg, E.M. 
(Continued from page 80.) 
PRODUCTION OF COAL IN 1874. ¢ 

District. Tons of 2240 lb. 











Takashima Island, Nagasaki Harbour ... 72,430 
Miike Mines, Miike Coalfield Pn 66,324 
Imabuku District, Karatsu Coalfield 32,567 
Taku pa ne a 22,198 
Karatsu,, “ ra 58,288 
Hirado ~ we 63,160 
Rest of Japan estimated at 74,933 

Total eve 390,000 


Analyses.—I add some assays and ultimate analyses of 
Japanese coals (see next page), made by me some years 
ago.t The specimens from Yesso either were carefully 
sampled from large quantities of coal, or were selected to 
represent the average quantity of the different beds. The 
others were merely hand specimens, and the results are, 
therefore, less reliable. 

Petrolewm.—Petroleum is found in small quantities on 
the Island of Yesso; and more abundantly in numerous 
places on the north-west coast, and a few places on the 
south coast of the main island. 

Geologically, petroleum seems to be confined to the clay 
rocks of the Toshibetsu group. In Yesso, where certain 
oil regions were examined in the course of the geological 
survey, this is certainly the case ;§ and the few deposits I 
have met with on the main island are also in the same group 
of rocks. According to Mr. Lyman’s reports,|| the oi 
regions of Yesso are quite insignificant and hardly worth 
working ; which, indeed, seems to be the case in most of the 
oil regions of the country. In Yesso, oil occurs at three 
places : at Yamakushinai, in the province of Iburi; andat 
Washinoki and Idzumisawa, in the province of Oshima. 

At Idzumisawa, near the sea shore, 12} miles west of 
Hakodate, several shallow pits were dug through the 
alluvium, from the sides of which, in some places, a little 
oil was seen to ooze, probably derived from the clay rocks 
below. The oil-bearing bed here seems to be but 10 ft. 
thick; and the maximum daily yield of one of these wells 
was but about half a gallon of very thick, tarry oil, mark- 
ing 11 deg- Baumé. No deep wells have yet been sunk. 
At Washinoki, also in Oshima province, but on the shore 
of Volcano Bay, similar shallow pits were dug in the 
gravel, some of which reached the clay rock; these wells 


* A paper read before the American Institute of Lee | 
Engineers. Reprinted from the New York Engineering aw 

Mining Journal. + Official estimates furnished by J. G. 
H. Godfrey, Chief of Mining Office. See American 
Chemist, vol. v., page 120. § Kaitakushi , p. 595. 





throwing it overboard all smoking. I now got a large 





|| Kaitakushi Reports, pp. 591 to 631. 
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JAPANESE COALS.—Karanoma CoaLFIELp, Yxsso. 
1. 2. 3. 4. 5. 6, 7. | 8, 9. 10. i. 12. 
~ itn i 
33a b ro) 
z g ESE 4 % = bs ; g | 834 
NaME OF CoAL. 3 8 4 dd S 8 f ag 18 z 
« é é we a] = = So. £2 3 
: ae oe = : es | sg | fag | of | 22 [eas 
A # | 3 3 2538 g é = 2S 2s \a Z 
Z go | $2 | & € | 333 8 . 2° | a BS | pe [gens 
1 |Midzunuki coal, average samples... vee 4.0 ft. 3.73 33.03 41.76 21.48 1.264: 1 |Dark reddish brown! 73.78 31.95 Good 1.446 90.38 38 to 46 
2 |Honshiki coal, upper beach ose ove 6.486. 5.71 39.94 50.63 8.72 1,268: 1 it brown 54.35 6.84 Very good 1,266 79.09 44 ,, 52 
3 - lower bench oni ae 1.38ft.| 5.51 33.39 46.03 14.07 | 13879:1] Light lavender 60.10 23.41 ‘air 1,340 83.76 1°) 50 
4 “ average sample from mine oon oe 5.36 85.95 46.11 13.08 1,283: 1 Light brown 59.19 22.10 Very good 1351 84.44 41 ,, 49 
5 | = a from“dump”... .../ 412 84.88 45.26 15.74 | 1.298:1 mo 61.00 25.80 te 1-368 85 19 "49 
6 |Tateire No. 2, upper bench oo ove ove 1.9 ft, 5.63 32.22 49.38 12.77 1.538: 1 Reddish brown None soo oak 1,855 84.69 41 ,, 49 
7 és middle bench iter (ae 25.63 36,06 34.86 | 1.407:1 White Mm “ ma 1,539 96.19 | 35 \, 48 
& - lower bench 7 oes +» 0.7 ft. 5.66 33.68 48.71 11.95 1.417; 1 ds 60.66 19.70 Fair 1.346 84.18 1 ,, 49 
9 * average sample from mine oo eee 5.06 29.93 41.50 23.51 1.886 ; 1 Brownish white 65.01 36.16 | Very poor 1411 88,20 39 ,, 47 
10 |Kosawa No, 4, upper bench eee . + L6ft. 12.98 41.84 38.05 7.13 0.909: 1 Pink None eee oct 1.359 84.94 41 ,, 49 
ll * middle bench eve 1.7 ft. 12.71 44.97 36 55 5.77 0.813: 1 . PY eee « 1.367 85.44 40 ,, 48 
12 2 lowerbench ... ws ae LL0fE] 6.19 81.75 44.42 17.64 | 1.084:1] Reddish brown “ Se , 1.408 88.00 | 307° 47 
13 os calculated average of bed eco ons 11.51 41.07 38.73 8.69 0,906 : 1 it brown ? “ sot eos 1.372 83.55 1 ,, 50 
14 |Osawa No. 6, upper benches __... ose oe 3.9 ft. 5.43 41.43 43.36 9.78 1.047: 1 dish brown 53.14 18.40 Good 1,286 80.04 43 ,, 52 
15 ii lowest (?) benches ove 1.5 ft, 4.85 25.30 29.79 40.06 117 :1 White None eee one 1.589 99,30 85 ,, 41 
16 |\Osawa No. 9, 6th branch ... ose oo 1.4 ft. 6.75 39.03 42 57 11,65 1.091:1 Light brown 54.22 21.47 Fair 1,847 84.19 41 ,, 49 
17 > 5th branch ... ve 12 ft.) 5.66 41.47 46.44 643 | 1.120:1 * 52.87 12.16 1,301 81.25 | 48 ,, 51 
18 > 4th branch... .. wwe 18 ft.| 9.40 38.66 46.47 547 | 1,202;1 Light ochre None aah 1.296 81.00 | 43, 51 
19 o 8rd branch ... eco ose oe 1.4 ft, 9.55 35.80 4971 4.94 1.388 ; 1 Pi o eee ooo 1316 82.25 », 50 
20 pa calculated average of bed tab neo 8.03 38.60 46.29 7.08 1.200: 1 Light brown? ? eee Very poor? 1.316 82.18 42 ,, 50 
21 |Ogurasawa No. 8, upper bench ,., oe eos 20 ft. 6.43 35.33 38 44 19.80 1,088 : 1 Ww None ooo ove 1.400 87.52 40 ,, 47 
22 ~ middle bench ... woe 4.0 ft. 7.86 35.08 39.28 17.83 1,121:1 " e eee 1.410 88.15 39 ,, 47 
23 . lower bench .., eco 14 8, 5.91 86.27 33.98 23.84 0.987 : 1 ” e ooo ove 1.423 88.88 39 ,, 46 
94 8 calculated average .., pi ‘oie 7.04 35.33 87.97 19.62 1,074: 1 a o pan eee 1.410 88.15 89 ,, 47 
25 |Furushiki No. 3 ose * a ee * 1.34 28.44 54.53 15.69 1.914: 1 Lavender 70.22 22.20 Excellent 1.826 82.88 42 ,, 50 
26 |Chatsunai, Onkosawa No. 1, 5 ft. bench,,, ove eo 10.85 39.63 43.46 6.06 1,097: 1 Reddish brown None * eee 1.3% 83.38 42 ,, 50 
IsHIKARI COALFIELD, YESSO. 
27 |Horumui No, 1, 4.2 ft. Marked (L 576 i)... ove 5.62 39.88 52.32 2.18 1312:1 Dark umber 54.50 4.00 Very poor’ 1,284 80.25 43 to 52 
28 » 2,5.0ft. ,, (L602a) as 5.19 87.51 54.84 246 | 1,281:1| Bright orange 57.80 4.08 Poor 1,281 80.06 | 43,, 52 
29 ° » 3, 1.9 ft. bench (L 602 ba) ait 4,20 40.42 51.99 3.39 1.286: 1 Orange yellow 55.38 6.12 Gool 1.277 79.80 43 ,, 52 
30 “s » 3, 5.0 ft. Pt = ait 4.25 41,26 52.08 2.41 1.262:1 ” 54.49 4.44 Fair 1,286 83.75 43 ,, 52 
31 BS » 8, calculated average .., aii 4.24 41.01 52.05 2.70 1.269:1 ” 54.75 4.93 Fair? 1,288 82.37 43 ,, 
32 zs » 4,2.0ft, bench (L 602ca)...  ... 5.08 38,29 53.31 3.37 1.181:1 56.68 5.93 Fair 1.805 81.57 | 43, 51 
33 © = ae om af os é 4.58 40.67 50.45 4.80 1.240: 1 54.75 7.85 1.304 81.52 43 ,, 51 
34 Pa » 4, calculated average .., ° - 4.85 39.24 62,17 3.74 1.174:1 pa 55. 6.67 Fair 1.305 81.55 43 ,, 51 
35 Z »» 5, 5.0 ft. Marked (L 603 e) a 4.47 40.80 52.08 2.65 1.276:1 Yellow 54,78 4.84 Good 1.282 80.14 | 43), 52 
36 ss eR, <n RID, srhie os ocans 8.48 37.52 51.57 2.43 1,108: 1 za None : oa 1.823 82.69 43 ,, 50 
37 |Sorachi No. 1, (Bussankioku collection) ... eco ose 2.93 35.08 59.05 2.99 1.686: 1 Light yellow 61,02 4.82 Very good 1.279 79.74 43 ,, 52 
Ss. «7 « 5 - (Admiral Enometo) 2.89 85.77 59.02 2.82 1.650:1 | Orange yellow 61.84 3.78 é 1,272 79,48 43 ,, 52 
CoaL FROM OTHER Parts oF JAPAN. 
NIPPON. 
39 |Lignite, Kadzuno Mines, Akita Ken a 14.35 27.14 56,08 2.48 2.066: 1 Lavender None oe oe 1,338 83.62 41 to 50 
40 |Hiyamidzu coal, Iwaki coalfield .., . 9.84 38.47 41.52 10.17 1.079:1 Brownish white ” eee ooo 1,380 86,22 40 ,, 48 
41 |Funakimura coal, ——- Ken 11,49 33.13 51.44 8,94 1,552:1 Pink ” ove 1,887 83.56 41 ,, 50 
1USIU. 
42 |Karatsu coal, Karatsu coalfield ‘ - 2.69 40.13 47.12 10.01 1.174:1 Yellow 57.13 17 50 Very good 1,349 84.31 41 ,, 49 
43 |Takashima coal, Nagasaki Ken ,,, = a ‘ 1.82 38.13 55.45 6.10 1.454:1 Pink 60.55 8.42 Excellent 1.260 78.78 44 ,, 53 
44 |Gas coal Miike coalfield eas 2 0.54 38,51 43.36 17.59 1,126:1 Red brown 60.96 28.86 © 1.335 83,44 41 ,, 50 
UntTrmaTe ANALYSES AND CALORIFIC PowErs. 
L 4. 5 9. 25. 28. 36, 37. 89. 42. | 43, 44, Aven Average of 
_ Midzunuki | Honshiki | Honshiki| Tateiri | Furushiki | Horumui| Horumui! Sorachi ¥ elve| Eight 
Coal Coal | Coal | Goal | Coal. | Coal. | Coal. | Coal | Hadnimo| Raratsn | Taatime ce Coal! Ganete | Americans 
(Mine.) (Mine.) | (Dump.) | (Mine.) No. 3. No. 2. No. 6 No. 1 , : J , . . 
Moisture 3.714 5.360 4.095 5. 1.342 5.194 8.479 2.928 14.346 2.690 1,820 0.536 4.589 10.004 
Carbon .., ove 57.689 62.221 64.412 56.283 69.049 72.982 68.842 77.040 62.149 69.436 78,633 69.280 67.585 63,5381 
Hydrogen —_ eve 4.620 5.222 5 911 4.124 5.256 5.300 4.771 5.685 3.358 5.156 5.816 5.624 4.979 4.092 
Oxygen and nitrogen... 10.144 10.118 9.940 10.271 7.172 13.841 15.180 11,014 16.395 11.920 8.721 4,888 10,800 16.299¢ 
Sulphur... me eee eee 3765 1.607 1.449 1.178 2.386 0.353 0.472 0.542 2.116 1.177 0.659 8.488 1,599 1,342 
Mineral mattert eee eco 20.068 12.472 15.193 23.084 14.795 2.330 2.256 2.791 1.636 9.621 4.851 16,284 10.448 4.732 
Total ... ose +} 100,000 100.000 100,000 100,000 100.000 100.000 100,000 100.000 100.000 100.000 100.000 100,000 100,000 100.000 
Oombined water eee eee ve0 ’ 10,062 10,033 9.832 10.205 6.718 14.221 15.727 11,041 17.094 12.060 8.461 4.149 10.800 16,955 
hydrogen... ove ooo ooo ° 3.502 4.107 3.818 2.990 4.510 3.720 3.024 4,458 1.459 3.816 4.876 5,063 3.779 2.208 
Calorific power, I.§ gee 5868 6521 5577 7133 7179 6604 7782 5525 6927 8035 7342 6764 5895 
we oP [ea oa. 6378 6262 5351 6872 6895 6829 7492 5286 6664 7747 7027 6499 5644 
eight of water (at 100 deg. C.) eva 
Weisht by 1 of coal, L.¢ Lng v et 10,48 11.88 11.67 9.97 12,81 12.85 11,80 13,96 9.85 12.42 14.44 13.16 12.11 10.52 
t of water (at 100 deg. C.) evapo- 
rated by 1 of all IL.** cL Are * 6.78 7.66 757 6.63 8.16 8.66 8.11 9.11 7.85 8.21 9.82 8.16 7.98 7A7 
Temperature of combustion... deg. C. 2504 2476 2556 2510 2605 2578 2531 2627 2374 2581 2644 2615 2566 2478 
* Analyses made by the writer some six years see Engineering and Minins Journal, vol. xv., page 322. + Including ni 1.228, ¢ Mineral matter equals ash minus oxygen absorbed 
by iron of pyrites, or a minus three-eighths of ‘the sulphur. § Obtained by multiplying carbon and free hydrogen by their — calorific wers—8080 and 34462. ||. Obtained from I. 
by deducting units of heat required to vaporise moisture, combined water, and water of combustion. (536.5 units for each unit of water.) l—obtained from Calorific Power II. 
Probable result to be obtained in practice. 
yielded in some cases but a trace of oil, and in others half | this coast southward through be ag and Niigata ken, | tains 8 per cent. of ae oil, 52 per cent. of lamp oil, 
® gallon to one gallon per day. This oil was also thick, | and then, in a belt across the island, southward through | 28 per cent. of heavy oil, and 12 per cent. of residue. 
marking 15 deg. Baumé. A pit, 60 ft. or 70 ft. deep (?), | Nagano to Shidzuoka ken on the south-east coast. il, in | other is darker, specific gravity 0.930, with only 9 per cent. 
has been sunk through the soft clay rock in this vicinity, greater or less quantity, is found everywhere in this belt; | of lamp of ot per cent. of heavy oil, and 32} per cent. of 
Since the time of the survey; and a daily yield of 50 gal- | but, as in Yesso, only locally, and usually not in workable | residue. better =< of oil is burned by the people 
lons of oil was obtained. The oil is also said to be much | amounts. The most important oil region in Japan is that | in primitive lamps, and the darker oil is used to some extent 


lighter than that found near the surface. The report, 
ible that the 

r. Lyman reports 
beds about 200 ft. apart, each 10 ft. or less 

At Yamakushinai, in Iburi province, also on 
Volcano Bay, and gs 4 12 miles Ley M 
to Mr. Lyman, a of oil- 

rock probably 90 ft. 4 thick, containi 


however, lacks confirmation, and it 
yield has been somewhat exaggerated. 
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the shore of 
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hinoki, there is, accordi 


but little oil. In one shallow pit a daily yi 


a gallon of oil, marking 11 deg. Baumé, was obtained, 


and, at several other places, mere traces of oil. 
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o” 880, though extending over a large portion of the 
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» by simple and inexpensive methods of 
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which, in Yesso, contain the 
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Awomori and Akita, and seem to e 
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in the northern of Niigata ken, producing more than 

nine-tenths of the total yield. From the catalogue of the 

Japanese section, I take the following description of this 
ion. * 

Oil was first discovered in this province 300 years ago, 
and it has always been counted among the seven wonders of 
Echigo, that a natural combustible gas, issuing from the 
ground in certain places, could be brought Legg = bamboo 
pipes into the interior of houses and used for illuminating 
Pp This is now utilised under the small stills 
for refining the crude oil. Although the presence of 
oil =) —_ known for — time, the people Po the 
coun’ o oag olny one years ago. Since then no 
less than 308 wells have been sunk in the district, some of 
them 400 ft. and even 600 ft. deep. The daily produce of 
these wells amounts to 900 gallons of two kinds of oil. One 
variety is of a light colour, specific gravity 0.800, and con- 
Official Catalogue: 





*International Exhibition, 1876. 
Japanese Section, page 44. 





mat Kenko 


wa in this district, one 


Incality of 


a specific gravity of 0. 
Tt ts said that 


by the fishermen on their torches. 
company was formed for establishing refineries, but it was 
unsuccessful ; another has since been formed, i 
to turn to advantage these natural 
Mr. Plunkett, over 80 pits haye been 

of which produced 


after the earthq 
considerably modified, 

the springs affected. 
(To be continued.) 








Some years ago a 


20 to 25 gallons of oil per day. the last six months 
of 1874, the yield of the district was 137,185 gallons. 
I am informed that Mr. Lyman has been by the 


Government to survey this oilfield; and we must look to 
his report for further information. Of the oil region in 
Nagano ken (Shinano), the Japanese catalogue says : 

**In Shinano, the daily produce of 39 wells amounts to 
422 gallons, the qrentes gave et when mesons colour and 


both’ the yield and 
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OIL-TESTING MACHINE. 


Ws illustrate herewith Professor R. H. Thurston’s ma- 
chine for testing lubricants, the construction of which is 
clearly shown in the sectional view, Fig. 1. At F is the 
j on which the lubricating material is to be placed 
‘or test. This journal is on the overhung extremity of a 
shaft A, which is carried in i B B’, on a sta 
D D’, mounted on a base plate EE’. The shaft is driven 
by a pulley C at any desired speed. Where desirable, a 
counter may be placed at the rear end of the shaft to in- 
dicate the number of revolutions. Usually, the shaft is 
driven at a fixed speed, corresponding to the velocity of 
rubbing surfaces approximating that of journals on which 
pd a pve to use the oil. the inventor’s practice, a 

speed of 750 ft. per minute is adopted. The test 
journal F is by bearings of bronze G G’, and witha 
pressure which is adjusted by the compression of a helical 
spring J. This spring is carefully ted, and the total 
pressure on the journal and the pressure = square inch 
are both shown on the index plate N N’ by a pointer M. 


Above the journal is a thermometer QQ’, of which the 
bulb enters a cavity in the top brass, and which indicates 
the rise in temperature as wear progresses. 


2 Fig.l 





The brasses, thermometer, and spring are carried in a 
pendulum H, to which the ball I is fitted ; and weights are 
i adjusted in such a manner that the maximum friction 
ofa ut smooth seeing ee just swing it out into the 
——- line. The stem > of Yo —— oe 
presses the spring, projects from the lower end of the 
dulum can be turned by a wrench. A pointer O 
raverses an arc PP’, and indicates the angle assumed by 
the pendulum at any moment. This angle is very large 
with great friction, and very small with good lubricating 
— divtiing , arc Ay laid off in —_ divisions 
ividi e ing, by the pressure shown on the 
index N N’, gives the corresponding coefficient of friction. 
The machine can also be to give the friction di- 
rectly. In practical use, a standard quantity of oil is placed 
on the journal. The bearings are slipped on and set up to 
the proposed pressure ; the machine is started at the speed 
determined m, and the observer aotes the time, speed, 
pressure, and temperature. These observations are re- 
peated and recorded at regular intervals, and cease when a 
—_ rise of tem ture to an cbjectionable or dangerous 
t indicates that the lubricant has become destroyed. 
The machine is made by the mechanical laboratory of the 
Stevens Institute of Technology, Hoboken, N.J., and in 
this qoutes Sy eee. Bailey and Co., of Salford, near 
Manchester. ientific American. 








Portucugse Rartwayrs.—The Royal Portuguese Rail- 
Company has still to provide for the completion of its 
section terminating at Oporto. It is hoped that the 
ing of this ote ee yO favourable influence upon 
general development of the com ’s traffic. 

Portuguese Government has decided to unsertake the con- 

struction of the Portugu 

from Paris to Lisbon. 


EXPERIMENTS ON HOWARD BOILERS. 
(Continued from page 81.) 
Discussion of Results. 
F Rom an ins ion of the cuts, together with the de- 
scription, it will be seen that this boiler belongs to the 
water tubular type, i.e., to that class of boiler having the 


ndard | water within the tubes and the products of combustion on 


the outside. This class of boiler has given the highest re- 
corded-economical performance of any boiler in use, bei 
in one case as high as 90 per cent. of the total heat contai 
im the coal, given with a rate of combustion of 64 lb. of 
fuel to 1 square foot of grate per hour, and with a pro- 
a me of grate surface to heating surface of 324 to 1, both 
Hy be ly the same as during this experiment.* — 
It been found name nom | that the efficiency of 
combustion, i.e., the proportion of the total heat in the 
fuel which is develo 
vary within the limits of practice of steam boilers either 
from a variation of the rate of combustion or of the thick- 
ness of the bed of fuel on the ce 

“Tt is a matter of popular belief that, ouing to insuffi- 
cient air admission, carbonic oxide is formed in the furnaces 
of steam boilers, in which case a loss of heat would be sus- 
tained equal to that which would be developed by its 
further oxidation to carbonic acid.’’+ Whether such is the 
fact or not can only be determined by a chemical analysis 
of the product of combustion. Many such analyses have 
been made with widely varying thickness of bed of combus- 
tible and greatly different rates of combustion, but they all 
agree in indicating that the ey ee of carbonic oxide 
is very small, not exceeding about 6 per cent. in the worst 
cases, and that it is not sensibly affected by the thickness 
of the bed of fuel, at least not within the limits of practice. 
Also that the air admitted through the grate bars is about 
double that which is chemically necessary for perfect com- 
bustion, the free oxygen composing about 10 per cent. of 
the products of combustion. ese yses also show that 
the combustion more nearly approaches perfection in the 


higher rate is attended with a less proportion of carbonic 
oxide, of free oxygen, of combustible gases in the products 
of combustion, and with a higher furnace temperature than 
in the lower rate. The higher economic rates obtained in 
steam boilers with the lower rates of combustion must be 
ascribed, not to the development of more heat from the 
more complete oxidation of the combustible, but to the 
absorption of more heat from the water heating surfaces 
due to the less quantity of heat thrown upon them in a 
iven time; the ——s of heating to grate surface, 
abitually given, not being sufficient to reduce, even with 
the lowest rate of combustion practicable, the temperature 
of the products of combustion to that of the water heated. 
With the heating surface increased in the same ratio as 
the rate of combustion, and arranged in such a manner as 
to have equal heat absorbing efficiency, the higher rates 
would probably be attended by an increased economic eva- 
poration, though not to any considerable degree. 

A given: amount of heat being developed for each pound 
of fuel consumed in the furnace it is evident that one kind 
of boiler may be made as economical as another by simply 
giving to it a sufficient amount of heating surface to reduce 
the products of combustion when delivered into the chimney 
to the same temperature. 

It may, however, be that a certain arrangement and pro- 
portion of heating and grate surface will effect the reduc- 
tion of the products of combustion to the required tempera- 
ture more readily than another. 

The boiler then which will produce this result for the 
least original cost, offering the same time the best facility 
for inspection and repairs, occupying the least space an 
ber equally safe and durable, is undoubtedly the best 

er. 

Generally, however, no one boiler excels in all these 
qualities at the same time, and the purchaser must decide 
how much weight he will allow to each one in selecting the 
best boiler for his purpose. 

The Committee on Steam Boilers, at the Exhibition of 
1871, allowed each of the first four of these qualities equal 
weight. The following are their marks to a scale of 10 :§ 





} 








| Dura- | Eco- | Capa- 
| Safety. | tion. | nomy. | city. Mean. 
Root .. Ai 9 9 | 7.09 | 7.3 | 8.089 
Allen ... BY 8.5 85 | 7.07 | 10. | 8.196 
Phleger... C| 7. 6. 699 | 7.7 | 6.672 
Low .. D 5.5 5.5 6.93 | 8.1 5.760 
Blanchard BE, 6. 5. | 7.56 | 5.6 | 6.040 





It will be observed that they omitted the item of first cost 
entirely, preferring to leave that to the judgment of the 
purchaser. 

It is not a fair com 
the above Table at different rates of combustion, for any 
boiler may considerably increase its rate of combustion 
without proportionally decreasing its economy, and it is 
apparent that the boiler which has the highest rate of com- 
bustion has in such a comparison the advantage. 

In order that the results shall be fairly com ble, each 
boiler should be consuming coal at exactly the same rate 
during the experiments. As it is impracticable to have 
these conditions it is necessary to reduce them to the same 
rate. In doing this, they may be rated either by their 
heating surface or their grate surface. It appears that for 


” wae Report of Board on Horizontal and Tubular Boilers, 
+ Experimental Researches in Steam Engineering B. 
F. Isherwood. 








ese section of an international line ; 


Ex. Res. in Steam Engineering. vel. ii., p. 63. y 
. Committee on Steam Boilers, Am. Inst. Fair, 


by its combustion does not sensibly | 


higher than in the lower rates. In the same furnace the | L 


ison to allow the boiler to enter | P' 





this class of boilers, the heating surface being the measure 
the first cost, should be the unit of pre dew too Aftoe 
reducing the economy and capacity from those found in the 
experiment, to those that would obtain at a given rate of 
combustion per square foot of heating surface, the results 
are fairly com ble. 

_This method can only be assumed when there is no 
difficulty in burning on the grate furnished the necessary 
amount of coal. 

The following reduction is made by the formule given 


oy aes Rankine, on the supposition that each boiler 
shall burn } lb. of combustible per hour per square foot of 
heating surface. The pounds of combustible per square 
foot per hour will be : 
Root A see ibe idee os vr 16} 
Allen aD see see os oem pe 144 
Phleger C ... eee Se aaa ese 13 
Low } ee ra ese obs ‘i 12.1 
Blanchard E ... 20.9 


In reducing the economy from the experiment the ratio of 
all heating surface to the grate surface is used. 
The following will be the economy : 
Root A ae a0 oe 


° ra -670 
Allen B ous fed a - -696 
Phleger C ose eee be ree -649 


w 
Blanchard E ees nn aie = 646 
As these boilers are all supposed to be burning coal at 
the same rate, their capacities will be in the same ratio as 
their economies, ard the final results will be : 




















Dura- | Capa- Eco- 
ware Safety. | ‘tion. city. | nomy. Mean. 
Root ... A! 9. 9. 6.70 6.70 7.85 
Allen ... B 8.5 8.5 6.96 6.96 7-73 
Phleger Ci 7. ; «& 6.49 6.49 | 6.50 
ow... Di 55 | 5.5 6.42 6.42 5.96 
Blanchard E) 6. b & 6.46 | 646 | 5.98 





It will be observed that the rate of combustion is not 
more than could have been obtained with good chimney 
draught in any case except E. 

The superiority of the B over the A in economy was un- 
doubtedly owing to the feed water heater in the chimney, 
being 30 square feet of tube surface, for although there was 
in the experiment 40 per cent. less proportion of heating 
surface to coal consumed, the temperature of the gy 
leaving the boiler was 71 deg. less in the B than in the A 
corresponding to about 3 percent. The A had no feed 
water heater. 

A boiler of the proportions used in the case of the D, with 
the ordi ment of furnace, should have given an 
efficiency of about 75 per cent. at the rate of combustion in 
the Table.’’* 

The loss of efficiency (75—64=) 11 per cent. was pro- 
bably due to the admission of cold air into the combustion 
chamber through an-opening designed for that purpose.f 
For it has been experimentally proved that such an admis- 
sion is detrimental.t It will be observed that the high 
economy of the E boiler at the low rate of combustion at 
which it was tried, disap when it is reduced toa rate 
of combustion corresponding to its heating surface. This is 
to be expected, for the draught was in that case forced by 
a blower, and the steam deducted from the evaporation 
of the boiler. 

Thus the boiler expended a certain amount of steam to 


d | obtain the draught which the others got free of cost from 





the small specific gravity of the prod of combustion in 
the smoke stack, due to the high temperature at which 
they were necessarily subjected ; it must be noted that the 
temperature in the fue of the E boiler would become much 
higher at the higher rate of combustion. 

The total weight of coal fed into the furnace of the 
Howard boiler,*duringjthe experiment, was 5100 lb., and the 
weight of ashes and coal drawn out was 1158 lb., and there- 
fore the combustible consumed was 3942 lb. The duration 
of the experiment was 21} hours, and therefore the pounds 
of combustible consumed per hour were (3942+-21.5=) 
183.5, and the pounds of combustible per eqeare foot per 
hour were (183.5+27=) 6.8. The amount of refuse with- 
drawn from the furnace is not a measure of the amount of 
refuse in the coal, as a large part of the matter withdrawn 
was coal which might have been consumed if the experiment 
had continued longer, and if the refuse had been picked , 

If the proportion of refuse in the coal were one-sixth S 
weight, an average amount for anthracite coal, the tota 
weight of coal consumed would have been (3942+3942——-5=) 
4730; and the weight of coal per hour (4730—21.5) ‘or? 
and the pounds of coal per hour per square foot=(220— 
=)8.15. This is a very low rate of combustion. In ordinary 
ractice, such a boiler should have given a rate of +. 
18 lb. to 22 Ib. of coal eo foot per hour, where the 
fires were u as in this case. 

The ree slow combustion was undoubtedly a leak- 
age of air into the chimney through the boiler casing. ‘ 

This cold air acted to reduce the combustion in two 
ways : Be . 

1. By reducing the temperature of the air in the chimney, 
and thus cohetee the velocity of the ascending current, and 
the volume of air delivered. - waltl'he the 

2. By supplying a portion of the air delive Wy t 
chimney from the outside, and thus still further reducing 
the amount which must pass through the fire- 


* Report of Board on Vertical and Horizontal Tube 


, 1868. , : 
es of Board on Trial of Steam Boiler, American 
itute Fair, 1871. J 
Ee , ong Steam Engineering, vol. ii. p. 58, vol. i., 
p. 275. 
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The effect of the reduction of temperature on the draught 
is small, for while the velocity of the ascending current is 
reduced its density is increased. The effect of these two 
simultaneous c nearly balance, although there is a 

3 _ increase of the weight of air devel up to about 
eg. ' 
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The ratio of the weight of air, which was delivered by 
the chimney to;that which would have been delivered if the 
temperature of the air in the chimney had been the same 
os tiah thating the boiler, i.e., 328 deg., oe be completed 
from the formulz applicable to be as 100 : 108.* 

Thus, if the air in the flue had not been diluted after 
leaving the boiler, but had had in the chimney a tempera- 
ture of 328 deg. in place of 234.5 deg., the furnace would 
— consuted Sorts 73 198.2 lb. of combustible per 

our, being (198.2—27=) 7.3 lb. per square foot. 

The temperature of the gas in he eimuney was reduced 
after leaving the boiler by the addition of a certain quantity 
of air which leaked in through boiler No. 4, and past the 
dividing wall as before described. The portion of air at 
a temperature of 45 deg., which would by mixing with a 
unit of gas at 328 deg. give a resulting temperature of 


‘ 328 —230 
, 9 Lae = t. 
234.5 deg., is found to be, ( 100 x ra 53 per cen: 


Of all the gas poating =e chimney then (100 x 58—-153=) 
65.4 per cent. passed through the No.3. If the leakage 
of air through boiler No. 4 had been stopped, the same 
head of gas in the chimney would have drawn more air 
through the coal in the ratio [100 :  (100)?--(53)'= ] 113.5, 
and therefore the rate of combustion would have been 
(198.2 113.5=) 225 jlb. combustible per hour, and (225-- 


27=) 8.3 Ib. of combustible, or (83 + 83 = 10 Ib. coal 
per square foot of grate per hour. 
The combustion was reduced by choking of the con- 


necting flue between the boiler No. 3 and the main flue by 
the sand pot and bricks, as shown in Fig. 6. 



























\ 
NS 
Ye, 
uare feet, being one-ninth of 
uced section was 1} square 


Yy 


The original section was 3 
the grate surface, and the 
feet, being 1 : 21.6 of grate surface. 

It will be observed that there is 
the first connexion of but little more 
Was only reduced so small by a small excess of length of the 
iron plates laid upon the tubes, which could be easily re- 
medied, it may be disregarded. 

It appears from comparison of other boilers that for any 
cross sections of flue less than one-eighth of the grate, the 
eats of coal that may be burned are in the ratio of 

Square roots of the ratio of the sections. Thus, if the 


* Steam i Prime ; 
p. 288, "Ea. 1806. and other Movers. Rankine, 


another section, being 
than this, but as that 





section of the flue had been one-ninth of the grate in place 


of ae there would have been more coal consumed in the 
ratio (/ 21-6—9=) 1.55 : 1, whence the consumption of com- 
bustible per hour would have been (225 x 1.55=) 310 lb., and 
the pounds per square foot of grate per hour equals 
11.5 Ib., and the pounds of coal | edhe moray foot per hour 
(11.5x1.2=) 13.8. Therefore, the most rapid combus- 
tion possible in the boiler as built, if it had been connected 
to the chimney independent of the other boilers, would have 
been 13% Ib. of per hour. The economy would have 
been* at this rate of combustion 9:%% lb. of water from 
212 deg. per pound of combustible, and the capacity 2964 Ib. 
of steam per hour from 212 deg. temperature of feed water. 

It is believed that the rate of combustion was injured’ b 
the air which leaked into the combustion chamber throug’ 
the false front to the boiler. This front was formed of 
cast iron plates not planed, and only held loosely together 
by lugs caston them. The plates exposed a joint 70 ft. 
long in the aggregate. It has been found experimentall 
that air will flow under the pressure of the copaneaens 
ws in. of water, at the rate of 18 ft. per second.f Each 
square inch of opening would then deliver } cubic feet per 
second. It has been found that 53 per cent. of ‘the air 
passing from boiler No. 3 leaked in through the false front 
of boiler No. 4. Ifthe same amount should have leaked 
in through boiler No. 3’s false front, and there would 
appear to be no reason why this is not probable, only 
(100—53=) 47 per cent. of the air passing through the 
tubes passed through the fire. If this le through the 
false front should be stopped, the same head of gas in the 
chimney would consume more coal in the grate in the ratio 
of /100 : /37=100: 61,‘and the maximum combustion 
peary | 18x% Ib. combustible, or 22 lb. of coal per square foot 

r hour. 

Pert is believed that is the maximum for this boiler. 

The quality of the coal is always a vexed question on 
comparison of experiments on boilers. It is believed that 
this may be computed with a sufficient degree of accuracy 
from the measurements recorded in this experiment. 

The weight of water evaporated, and that entrained with 
the steam measure, the amount of heat ing through 
the metal of the boiler into the water. The weight of gas 
passing up the chimney with its elevation of temperature 

es the t of heat passing up the flue. 

If there is — 2 om! ae lost by — iation, we 
that remaining undeveloped in the gas owi incomp! 
combustion, we have the total heat contained in the material 
consumed. The method of measuring the water evaporated 
and entrained, has been explained. 

The volume of gas up the chimney was computed 
by multiplying its vi — by the mean area of the flue. 

e velocity was m as follows : 

A small hole 1 in. in diameter was drilled through the 
side of the chimney, 50ft. down from the top. A small 

jiece of cotton wool was placed in this hole, where it laid 

eld by the friction of the walls. An observer was stationed 
at a point in the yard, from which both the top of the 
chimney and the opaiing through the side were visible. At 
a given signal, the wool was crowded through the side of 
the chimney with an iron rod. The observer in the yard 
noted the interval between the times when he saw the wool 
crowded through the side of the chimney and when it ap- 
peared at the > : . 

The mean of twelve experiments gave an interval of 
8 seconds, whence the ho a | of the wool upward in the 
flue was 'f =6.25 ft. persecond. The velocity of specimens 
of the same material was afterw found to be, when 

ing in still air, 5.15 ft. per second, and therefore the 
velocity of the gas in the flue was (5.15 + 6.25 =) 11.4 ft. 
per second. 

A part of the chimney, for 30 ft. above the opening, had 
an area of 4.0 square feet and the balance, the upper 20 ft. 
an area of 4.9 square feet, whence the mean area was (4X 
30+4.9 x 20)—50=4.36 square feet, and the volume of 
aaa was, per hour (4.36X11.4x3600=) 178920 cubic 

eet 


The weight of a cubic foot of air at a temperature of 
234.6, the mean ae ture of the aio, was etn og 
whence the weight of air;passing up the chimney in pounds is 
(178920 x .0572=) 10234 ver hour. In addition to this e amount 
of air, there were aed ib. of —_—- sottes from ~ 
coal also passing up thechimney per hour, making the weig’ 

of gas (10234 + 183.5 =) 10417.5. This weight of gas was 
raised from a temperature of 35 deg. to 235 deg., and if its 
specific heat were Ze the units of heat carried away by the 


gas would be per hour 10417.5 x 200 x .24=500016, and for 
each pound of combustible (500016--183.5=) 2724, The heat 
equivalent to the steam produced by one pound of combustible 
is (10.53x966=) 10171, and equivalent to the water en- 
trained is (.823 294 deg.=) 242. The portion of the heat 
dissipated in the three ways mentioned then is for each 





pound of combustible : 
Steam ove oes vee ole 10,171 
Water... ino seo” 7 ae 242 
Gas ana oe sos a 2,724 
13,137 


There must be added to this the heat dissipated by 
radiation, and that not developed by combustion. 

The heat lost by radiation was probably small, but the 
Committee have no means of estimating it. It was, how- 
ever, not sufficient to sensibly elevate the temperature of 
the fire room, the room being during the daytime colder 
than the outside air. The heat lost by incomplete combus. 





as so Engine and other Prime Movers. Rankine. 
+ Experiments on Flow of Air. Wilson, ENGINEERING, 





would be (310 X100+-61=) 510 Ib. combustible per hour, | furnace 


tion may be taken at least six per cent., as has been found 
in similar boilers and rates of combustion when the holes 
in the furnace r were closed,* whence the 
equivalent becomes (13137 x 106=) 13925 whites of heat. 
takes te 14000 its of rae goes fat — ble 
en 000 uni ea = com! . 

the combustible being obs mt wed os the material of any 
of combustible "will be tapatle of veporating 14h Ib of 
of com! cay eva i ri) 
water at and from 212 “A ie 

One probable reason why the combustible matter showed 
less hea powers than the average coal is that only a 

rtion, and that the least efficient portion, of the combus- 


ier ype od to th f 

us, there was suppli e furnace 5100 lb. of coal 

whose probable cain was : f 
Carbon, 89.8 per cent. ... sg o»  4577Ib. 
Volatile, 5.5 mi tes si 281 ,, 
Ash, J “ 1? ” a a 

There were withdrawn fromthe furnace at the end 
1158 lb., and consumed 3942 Ib 


Probably all the volatile mea were expelled, as the 
whole material was heated above a red heat, and therefore 
the carbon consumed was only (3942 —281=) 3661 Ib., bei 
(3661 +3942=) 92.8 per cent. of the combustible consum 
in place of 95 per cent., as in the combustible in the coal. 
The coal burned during the experiment gave evidence of a 
considerable prinane component. 

In place of a glowing mass of white hot coals, as is the 
usual appearance of anthracite, the whole firebox and 
8 were filled with a mass of yellow flame. It is su 
that a part of this flame was the result of an insufficient 
mixture, not an insufficient supply, of air, and that this 
mixture would have been aided e holes provided in the 
doors had been left open. 

These holes were, contrary to the advice of the Com- 
mittee, kept close during the whole experiment. 

At about 10.30 p.m., while the firebox was filled with 
yellow flame, a bucket of water. was thrown on the hot 
ashes in the ash-pitunder the grate. This water was in- 
}stantly transferred into a cloud’ of steam, which passed 

through the coal into the furnace with considerable force. 

The entrance of the steam was immediately followed by a 
loud explosion in the. furnace of sufficient violence to force 
open the door, which was closed but not fastened, and to 
drive out a mass of flame a yard ‘long through the furnace 
door, and through the fissures in the front into the fire 
room. 

— sane r of omeding Fey ne + iG wna of tubes of the 
er openings between , these openings being 
fissures 12 in. to 14 in. , and of sufficient’ widt to see 
through into the furnace. These fissures must have allowed 
a considerable volume of air to leak through into the nest 
of pipes. If this same quantity has been admitted into the 
furnace where the were sufficiently hot to unite with 
the “— of the airin the same manner, it would probabl: 
pore ided onan: but being — after they had 
lost a large of their original temperature b 
through one row of tubes receiving water at 85 deg., the 
effect Bo hed injurious to both the economic and 


poten > 
It appears from inspection of the foregoing that about 
up the chimney 


36 per cent. of the air 
through the fire, being ‘(1 X-36=) 3684 lb. per hour, 
air per lb. of combustible 


0234 
and (3684-—-183.5=) 20.75 lb. of 
consum: 

This is probably (20.75—11.5=) 1.98 times the air neces- 
sary for perfect combustion, as has been found in many 
other cases. 

This coincidence is cited, not to prove the quantity of air 
passed through the coal, but as the quantity of air passing 
through the coal, being the balance after deducting the 
other , appear to be what it is well understood it must 
have been, to prove the correctness of the computation of 
the volume of air and the leakage. 

The amount of air leaking in h the front must 
have mixed with the products of combustion soon after 

Lect ya the three lower rows of tubes, and must 
wn reduced the temperature of the ucts of combustion 
to the temperature ut the flue 328 deg. at once. It would 
appear from this that the boiler would have been more 
efficient if the three upper rows of tubes had been left off, 
for bg Sgt acted to condense a portion of the steam 
which had vaporised in the lower tubes. This would not 
be true if the front were tight. 

(To be continued.) 





_ SourH AusTRALIAN TELEGRAPHY.—The Cape Borda 
line has been opened, and has been found useful in enabling 
English mail steamers to be si ed several hours before 
their arrival at Glenelg. The line consists of 38} miles of 
cable, and 62 miles of new land wire. Moonta and Edith h 
have been connected by a line measuring 90 miles, thus giv- 
ing facilities for rapid communication to Southern Yorke’s 
Peninsula. But the most important telegraphic event of 
the past year has been the construction of a line to Eucla, 
which be connected by a wire now being erectec 
Government of Western Australia, and which will place 

ide in telegraphic communication with the capital of 
that colony. At the last dates, surveys had been completed 
to Eucla, and the line had been erected to about 20 miles 
west of the Great Australian Bight, or within 110 miles of 
Eucla. The Western Australian authorities have to erect 
800 miles of new line, in order to establish communication 
with South Australia; their line is opened as far as 
Esperance Bay, which is 286 miles from Albany, their 
coving pent. Between Esperance Bay and the South 
A ian border, only half the proper number of poles 
will be put up at present, it + a Saag that a con- 
siderable saving may thus be eff é 


* Ex. Researches on Steam Engineering, vol. i., page 275. 








1872, 





+ Ex. Res. Steam Engineering, vol. i., page 146. 
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THE LOAN COLLECTION OF SCIENTIFIC | is @ necessary condition of the existence of a dif- 
APPARATUS. ference of potential. Without such difference no 
Buxcrmcrry axp Macxemisx.—No, Vi. _| Wafer of lecieieiy, would be ‘duos! oo 
ELECTROMETERS. bea transfer of heat between two similar bodies placed 


ELECTROMETERS are instruments for detecting and 
measuring differences of electrical potential between 
two conductors through effects of electrostatic 
force, and differ from electroscopes in the fact that 
the latter merely indicate the existence of those 
differences without being able to measure them, 
while electrometers both detect the differences and 
measure their amount. 

Before describing the various instruments which 
may be classed under these two heads it may be well 
to explain the meaning of the. word potential, a word 
which is often used very incorrectly, but which has 
a distinct and definite meaning. 

Electrical potential may be defined as an electrical 
condition of two bodies with regard to one another, 
whereby a tendency is induced for electricity to be 
transferred from one to the other which in its pas- 
Sage is capable of performing mechanical work. 

amount of this work is a measure of the dif- 
ference of the electrical’ conditions (or potentials 
cn they ate called) of the two bodies, and the force 
y which it is done (known as electro-motive force) 


side by side unless there existed a difference of tem- 
perature between them. We need not remind our 
readers of the law that electricities of like sign repel 
one another, and those of unlike sign attract one 
another, or that the same law holds good for 
bodies similarly or dissimilarly charged with elec- 
tricity. Upon this law is based the principle of all 
electrometers, except a very exceptio class to 
which we shall have occasion to refer. In the words 
of Sir William Thomson, ‘The amount of work 
required to move a unit of electricity against elec- 
tric repulsion from any one position to any other 
position is equal to the excess of the electric potential 
of the second position above the electric potential 
of the first.”. And from this it follows that a posi- 
tively electrified body will experience a force tend- 
ing to move it from a place of greater positive 
potential to a place of less itive potential. If 
with positive 
electricity be suspended between two fixed con- 
ductors, its motion will be from that of greater 











positive potential and towards that of lesser positive | will 


potential, and the amount of its motion will be a 
measure of the difference of potentials of the two 
fixed conductors, 

The simplest form of electroscope is what is called 
the electric pendulum, and is nothing more than a 
pith ball suspended from a stand by a silk thread— 
a for the sake of lightness and silk for insulation. 

ith such a simple apparatus an almost endless 
variety of qualitative experiments may be made, for b 
giving to it either a positive or negative charge it 
at once indicate by its attraction or repulsion whether 
a body approached to it is charged with negative or 
positive electricity; or, if two bodies be equally 
approached it will be attracted by that whose 
is most unlike its own, An pan form of electro- 
scope is that which is known as the pith ball electro- 
scope, and the invention of which is attributed to 
both Volta and Canton; it was formerly used for 
the detection of variations in atmospheric electricity 
at the electrical observatories at Greenwich and Kew. 
It consists of two pith balls suspended by conduct- 
ing threads, such as cotton or linen, from a su 
insulated from the ground but connected “is 


collecting point placed in an elevated position, so 
as to be fofuenced by the electrical alien of the 
atmosphere. The indication was given by the di- 




















































Fie. 1. 





vergence of the two balls, the amount of which 
being indicated by a graduated arc fixed below them, 
or sometimes by an arc divided upon the glass case 
surrounding the instrument. An interesting speci- 
men of this form was exhibited at South —- 
it being part of the original apparatus employed for 
many years by Sir Francis Ronalds at Kew, and to 
which reference has been made in a previous notice 
of this collection. Another obsolete form of 
electroscope is that of Beccaria, in which the 
divergence of a pair of straws indicates the pre- 
sence of an electrostatic — in the same way as 
did the separation of the pith balls in the former 
instrument. From Beccaria’s was develo the 
very beautiful gold-leaf electroscope of ett, 
invented in 1787, which is still very much used for 
the qualitative indication of feeble charges of elec- 
tricity. It consists of two narrow strips of gold-leaf 
attached by their upper extremities to the lower end 
of a brass rod, which is supported by a — 
through the top of which it passes. The upper en 
of this rod terminates either in a brass knob or in a 
horizontal disc of the same metal, the former being 
usually pag te for testing charges produced by 
contact, and the latter for those produced by induc. 
tion or condensation. If the conductor to which the 
leaves are attached be touched by an electrified 
ly, the whole system, body conductor and leaves, 
be at the same electrical potential, the two 
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movable strips of gold being similarly electrified will 
repel one another and a divergence will take place, 
and if while the leaves are thus diverged a body dis- 
similarly electrified be approached to the conductor, 
the strips will collapse to a greater or less extent 
according to the amount of the charge or the dif- 
ference of electrical potential between the conductor 
and the body. Of these instruments there were 
many specimens at South Kensington of both ancient 
and modern construction; one of them forms part of 
the apparatus above referred to which belonged to 
Sir Francis Ronalds. 

Fig. 1 (see previous page) represents what used to 
be called the quadrant electrometer, but since the 
invention of Sir William Thomson’s beautiful instru- 
ment of that name, it is now called Henley’s electro- 
scope, and sometimes the “old quadrant electro- 
meter.” Itisa small electric pendulum consisting of a 
light rod of wood or straw pivoted at one end to the 
centre of a graduated arc, and carryingat its lower ex- 
tremity a pith ball which is preferably gilt. When 
there is no electric charge, the ball hangs vertically 
from ita support and rests against the lower part— 
which is of , woheet the supporting stem of the 
instrument, but upon an electrified body being con- 
nected with it, repulsion of the ball takes place, the 
amount of which being indicated by the angular 
displacement of the rod — the divided arc. 

The electroscope of Peltier, invented in the year 
1848, and which is represented in Fig. 2, is a very 
elegant instrument, a specimen of which, contri- 
buted by Messrs. Elliott Brothers, was in the col- 
lection. It consists of a light needle of aluminum 
wire balanced at its centre upon a steel point after 
the manner of a declination compass. In metallic 
connexion with this point, and therefore with the 
needle, are two horizontal brass rods projecting 
from the centre and carrying at the extremities 
small brass balls so placed that when the needle is 
in its normal position its two ends rest against the 
two brass balls respectively, but on opposite sides, 
so that when repulsion takes place the needle is 
urged in the same direction by both balls ; attached 
to this system by a rigid annular support is a vertical 
rod of brass passing through the glass case of the 
instrument and carrying at its upper extremity a 
brass ball. . The whole system is insulated by being 
attached to an ebonite stand, and insulation is 
still further secured by means of shellac, All being 
in metallic connexion, if the knob receive a charge 
of electricity, every part of the instrument, both 
fixed and pa Ly ball similarly electrified, re- 
— therefore takes dmg and the needle is 

eflected with an ang displacement greater 
or less according to the strength of the charge. The 
needle is brought back to its normal position by a 
small ic needle attached to its centre, so that 
the forees in equilibrium, when the needle is perma- 
nena are the force of electric repulsion 
and the directing influence of the earth’s magnetism. 
The principal parts of the instrument are: pro- 
tected trom dust and currents of air by a cylin- 
drical glass cover. Below the needle is a circle 
divided upon a circular horizontal plate of looking- 
glass; by this contrivance errors due to parallax 
are eliminated in reading off the angular displace- 
ment of the needle, for on looking vertically down 
jap the instrument the point on the arc at which 
e needle coincides with its reflected image indicates 
the angle of deflection. 


An electroscope designed by M. Beetz consists 


of a light needle of shellac, carrying at one end a 
pith » and supported by a bifilar silk suspen- 
sion ; repulsion takes place when a body is approached 


which is similarly electrified to the pith ball, 
and the bifilar suspension takes the place of the 
as magnetic needle in the instrument last de- 
seri 


An ingenious modification of Henley’s electro- 
scope has been designed by M. Ph, Carl, In 
this instrument a very light hollcw glass beam 
is balanced horizontally at its centre upon knife 

and carries at each extremity a pith ball; 

at its centre is a long delicate index which traverses 
a vertical uated arc placed behind it (similar 
to the arc of a chemical balance). A vertical insu- 
lating stand carries a brass rod having at its extre- 
mity a small brass ball, against which one of the 
pith balls rests when the beam is at its normal posi- 
tion, but when a charge is given to the brass ball 
repulsion takes place which can be measured by 
pecan . ipo-coclemimiase® $90 See, 
posi’ indica’ y the angular displacement o 
the index over thearc. This though an electroscope 
has some claim to being an electrometer, as it gives 


numerical results of more or less accuracy in terms 
of absolute weight lifted. ie 

The first instrument by which electrostatic 
measurement was made with any degree of ac- 
curacy was Coulomb’s torsion balance, which was 
invented in 1785. It consists of a cylindrical glass 
case, at the top of which is fixed a vertical tube, 
carrying at its top a torsion head and index; to this 
head is attached the upper end of a fine metallic wire 
which supports at its lower extremity a light needle 
of shellac, carrying at one end a gilt ball of pith, 
which, when at its zero point, rests in close 
proximity to a metallic ball supported by a rod of 
shellac, which passes through a hole in the top of 
the cylindrical case. When measurement is made 
with this instrument the metallic ball is lifted out, 
and acharge of electricity having been given to it, 
it is replaced ; the effect of this is to communicate a 
charge to the movable ball, which is at once repelled 
through an angular distance measured by a scale 
divided round the cylindrical case of the instrument. 
In this position the force of repulsion is in equili- 
brium with the force of torsion which tends to bring 
back the ball to its original position, The torsion 
head is then turned so as to oppose the repulsion, 
bringing the two balls nearer together and its de- 
flection noted when equilibrium is again established. 
This process may be repeated any number of 
times, giving a number of displacements in which 
repulsion is balanced by the torsion of the 
wire. Now, as by the physical laws of elas- 
ticity the force of torsion is proportional to the 
angle of torsion, Coulomb was enabled to make 
the important discovery that the force of electrical 
repulsion varies inversely as the square of the 
distance. This instrument is so delicate that a force 
equivalent to the dead pull of sehoth of a grain is 
sufficient to make the needle traverse the whole 
circumference of its range, so that one degree of 
angular displacement would at the same rate cor- 
respond to a force of —> th of a grain. 


Delmann’s electroscope is in principle a combina- 
tion of both Coulomb’s and Peltier’s instruments. 
In this electroscope a light ‘‘ needle” or bar of 
aluminum is suspended at its centre by a glass fibre 
from a fixed support attached to the top of a glass 
tube rising from the cover of the cylindrical glass 
case, Through the side of this case is fixed in a 
horizontal position an insulated brass bar in such 
@ position that the needle rests against it when at 
zero. It has a bend just below the centre of rota- 
tion of the needle so as to touch its two ends at 
alternate sides. By this contrivance, as in Peltier’s, 
the needle is urged in the same direction by both 
sections of the bar. 

All the instruments described in this notice be- 
long to one class, known by the name of Repulsion 
electrometers, since they depend for their action 
upon the fact that repulsion takes place between two 
bodies similarly electrified when either or both are 
free tomove. With the exception of the two instru- 
ments last described they are indicating rather than 
measuring instruments, and all have been superseded 
by the beautiful electrometers of Sir William Thom- 
son, by which accurate and absolute measurements 
may be made, and which we hope to describe in our 
next issue. 





LITERATURE, 


Weights and Measures Simplified on a Natural fyvien, 
By Louis D’A. Jackson, A.IC.E. London: E. and 
F.N. Spon. [Price 2s. 6.] 

Tuis small work has for its object the modification 

and assumed improvement of the whole system of 

British weights and measures. 

Their development is traced in progressive steps 

from primitive times, and is assumed to follow 

the natural law of progressive requirements, a 

course which the proposed method is intended to 

follow up and systematise. The we ap on which 
this system is drawn up are the following: 

1, To retain most of the existing weights and 
measures, with as little alteration as possible, and 
with no additional names, or change of nomen- 
clature. 

2. To obtain the advantages of the decimality of 
the metrical system, and of its interdependence of 
measures of length, surface, and ity, by merely 
mealies our own.. The one fag gpm of 
the pro 8 is as follows: existing 
sanihel eae peal is subdivided into 6000 ft., 
instead of 6076.98; the new foot thus obtained, 








varying less than 1} per cent. from our present foot, 


is the basis of the whole system of measures of all 

sorts. The square mile thus becomes equal to 

exactly 900 acres, each of which varies 54 per cent, 
from our present acres, and is equivalent to exactl 

40,000 square feet. In measures of capacity, bo 

liquid and dry, the new cubic foot is subdivided into 

25 quarts, which vary from our present quarts by 

about 4 per cent.; while the whole of these mea- 

sures are rearranged on a decimal system, down to 
the minim. 

The whole of the measures of weight, intended 
to supplant our triple system of troy, apothecaries’, 
and avoirdupois, are on an exactly corresponding 
decimal system ; the comparison between measures 
of weight and of capacity being made by distilled 
water at the standard pressure and temperature ; 
the grain being the exact weight of a minim of 
water, the pound being that of a pint, the stone 
that ofa gallon, and so on. 

The foregoing remarks will be enough to show 
that the author, while obtaining few, if any, of 
the real advantages of the metric system, suggests 
sufficient changes to produce a complete disorganisa- 
tion of our existing standards, all the more danger- 
ous because the differences made are very small. 
The metric system is gradually but surely extend- 
ing itself, and people are becoming familiar with it. 
It is not probable, nor would it be desirable, that 
any sudden adoption of metric weights and mea- 
sures should take place in this country; but we 
believe that the public mind will ultimately be pre- 
pared to receive the change, but meanwhile any 
intermediate, and so far as we can see worse than 
useless, departure from our present system, is to be 
deprecated. 

e have noticed this little book because the 
author has displayed considerable though mistaken 
ingenuity in developing his system, and deserves a 
certain amount of credit in this respect. 

Guide Pratique pour UV Essais des Matiéres Industrielles 
aun Emploi ‘owrant dans les Usines, les Chemins de 
Fer, les Batiments, la Marine, fc. Par JuLEs GAUDRY, 
Paris : Eugéne Lacroix. [Price 3 francs. ] 

Holding as he does the position of chief of the 
laboratory of the Eastern Railway of France, M. 
Gaudry is of course well acquainted with the prac- 
tical bearings of the subject of which he writes, and 
his treatise is one likely to be of much service to 
those who are owners or managers of large establish- 
ments, and hence extensive purchasers of materials. 
M. Gaudry commences his book by a description of 
a laboratory, and then passes on to explain the 
general principles of chemical analysis, and to 
describe the chief modes of procedure. The second 
part of the work is devoted to instructions for the 
analysis of the chief materials employed in manu- 
factures, the analysis of water being first dealt with 
at considerable length, and our author then proceed- 
ing to treat of the examination of stones, sand, lime, 
and combustibles. Next comes the testing of metals, 
M, Gaudry first treating of testing the qualities of 
metals generally, and then proceeding to deal in 
detail with iron, copper, tin, lead, alloys in general, 
gun-metal, brass, and white metals. The chapters 
devoted to metals are succeeded by others devoted 
to the testing of oils and fatty matters, including 
soaps, and there are sections respectively treating of 
the testing of leather, red and white lead, ropes, 
canvas, india-rubber, acids, alcohols, and alkaline 
liquors. Finally, we have the third part containing 
numerous tables, and the description of some appa- 
ratus employed in analysis. 





RUSSIAN ARTILLERY. 


Tue current number of the Revue Maritime et 
Coloniale contains some very interesting data on the 
subject of Russian artillery, taken from a Swedish 
source. It appears that the naval armament of the 
coun in the summer of 1873 was as shown in 


Table I. ite page, 
"This exoemen on y provision, and the 


This armament was y 
smooth bores have been, and will be replaced by 


rifles as soon as possible, The Broadwell breech 

loading system is bem ae for all large calibres, in- 
deed the only muzzle-loading rifles are the bronze 
8 and 4-pounders. There are in all six calibres, 
as follows: 11 in,, 9 in., 8in., and 6 in., 9-pounders 
(4.2 in.) and 4-pounders (3.42 in). The heavy 12-in. 


gun manufactured for the Vienna Exhibition cannot 
be regarded as a part of the Russian artille , as we 
believe no others have been made. Table III. gives 


the weight of projectiles in pounds, 
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TABLE I.—RUSSIAN ORDNANCE: TABLE OF DIMENSIONS, WEIGHTS, AND CHARGES. 












































































































































CALIBRE. WEIGHT. WEIGHT OF WEIGHT. 3 a3 
: Al 
3 | 8 Charge. ae 
g8/° ro | q . = 
NatuRE oF Gun. 3/125 FI - a pa ay 
S123 3 | Total. > | 8 €| 23 |F%. 
Fs | 32 be pial ZSl7), ale 
lil a | # : pe ldlblalala/ ae 
BAAS!) & 5 . Da a & | a | & S| 4 
3 2. 3. 4. 5. 6. 7. 8. 9. 10. ll. | 12.) 18. 14. 15. 
é s in. | in. | tons. | tons. tons. Ib. Ib. lb. lb. | Ib. Ib. | Ib. | lb. yards. 
‘4 ar “a pak eee --|11.023 | .2677| 26.04 4,82 30.86 82.5 41.2 9.00 425 | 13.5 ies tee [eet te 
es 9 { new pattern .| 8.971] .2204) 15.07 P A Sit 23.32 7.2 257 | 9.4 1340 
S| With rings. » old " > oe me 13.60 . ? ite 42.90 7.2 257 | 9.4 1274 
3 ” * ..| 7.992) .1772| 9.00 2.129 11.129 28.38 | 14.30 oan 176 | 6.0 1404 
= 4 6 ,, -| 5.983| .1380) 4.26 1.638 5.898 18.04 | 10.78) 4.5 81 | 3.0 1464 
re 8 ,, | 7.992] .1772| 8.00 | 2.211 10.211 | 22.5 | 14380] 7.2 176 | 6.0 1246 | 3997 
$1] without ) 603 in. ‘| 6.023 | ‘1380| 4.58 | 1.507 6.087 | 143 |10.78| 45 81 | 3.0 1154 
a rings. 9-pounder 4.212 | .1102| 1729 Ib. | 693 Ib. 2422 lb. 2.75 2.75) 2.75 23 9 1050 | 2782 
L 4 4» ose 8.385| .0984| 7921b.| 739 Ib. 1531 1b. 1.50 1.50} 1.45 | 13.5 5 . 1006 | 2892 
Bronze. 
i . 1.50 1.50) 1.50 | 10.5 -785 . 1000 
estat i $ — . re 1860 666 2308 3.65 83.65) 3.65 | 24.0 | 1.57] ... ége 3009 
- € aa 3.385, 864 | 602 1466 1.80 | 180| 180 |125 | .90| . ve | 2600 
6 t Iron. 
20-in. —_ = = = 7 ---|20.00 43.833 “ue eee 117 “as pe ove son: ED Bees 1128 
15 ,, oe eee $e sie «+1496 19.656 | 2.850 “ 67.5 27 9 362 | 10.75 | 440 |... | «. | 1181 
60-pounder No.1 eee ove ose me w| 7.687 4.914 | 2.90 14.3 10 5 41 | 18 57 |61.6| 54 967 
60 ’ No. 2 eee . 7.637 3.210 1.37 10.0 2.6 5 oe eee eee eee ee tee 
36, Nol <P ew| 6771 3.210 | 1.87 8.1 2 ie oh? | on. | abe ee eae 
SBS: ww wes ove e-| 6.771 2.547 550 8.1 2 3.5 28 9 40 |44.5) 37 ° 
36 , No.3 i. | 6.71 2.090 | 452 pee es' TSA. i. cco fies | akan bas 
36 |» No.4 “A 6.771 1.830 | .352 a $3! TS Fn mn Pie Stee tae ne 
S. o-- Eee . * 6.417 3.116 539 ove 9.7 2.2 see os ios bas ooo | ove eee 
30. No.2 a 6.417 2.375 | .536 ; 725 | 17 | 26 si S| @ tc) 
30 , £=x\No.3 ot ° 6.417 1.966 se os 5 1.25 oa eee et eee J | ee ; 
30; No.4 6.417 1.257 | .737 Moxito 3.8 | 1.00]... Sot Rieell acd ad 
onitor 
103 in. 10.748 11.908 | 11.908 | { Monitor }) 35. 10 [00 Soe 
TABLE II.—Rvussran Naval ARMAMENT, 1873. threads; on the upper one is placed the nut d; on 
the lower one the nut 7 The screw is worked by 
Rifled. Smooth Bores. the toothed wheel c. On the inner faces of the 
‘ frame are two grooves in which the pieces d and / 
Locality. l eo 1b. | 69 tb. | eo 1b.| seb. | 30m. slide. When the brake is ne in action, the lever 4 
11in. |9 in.|8 in.|6in.'9 b.| 8 1b. | 41b. | 15 in. No. 1.\No. 1-\No. 1.\No. 3.(No. 3.| 24 !»- | is turned until d and fare locked against the upper 
aah OE BE ee) iS 2 sie salle and lower faces of the grooves; the piece g con- 
Baltic Fleet. nected by the bolt 4 to the forward part of the 
Ironclad batteries i Vane) 81 3) ‘ie i frame serves only to keep the pieces d and / in 
Tronclad turrets ... ct Te eae oe ed ie 12 place. 
sae 9 hy aril fut 81 @ ee eee Ee Bod Y... eS ie In Fig. 3, cis an iron plate pinned to the frame ; 
Despatch boats ee, ae ia ee soe ose d dare two brass plates, .75 in. thick, placed length: 
Total ... 8 | 82) 86| 50| 1 4 | 20 | 12 | 47 | 36 | 12 | 3 | 22 2 | ways and in the middle of the frame ; 4 is an eccen- 
tric axle, moved by means of a lever, and which can 
Black Sea. ... 4 16:1: 8} x 34 be kept in place by a spring ; a and / are two discs, 
Caspian re x 4) 4 = “dg 1 g | connected by the bolts s which traverse the plate c, 
Siberia ee et oe bere ve Ss Between the surfaces of f and ¢ is inserted a 
Total ... 12+ | 32} 86|73110| 8 | 96 | 12 | 47 | 36 | 12 | 34 | 283 | 10 | friction plate formed of an alloy of antimony, 
} zinc, lead, and copper. When the brake operates 
the shaft 4 is turned, which raises a and /, and 
Grand total 313 174 the two plates of brass d d are pe against 





* Except ships of the line. 
TABLE III.—Weteuts or PRosEcTILES. 











Steel Shot. | Cast Iron. as Shell. 
Calibre. | ;| 8g ; | S| ws 
a |s6| 3 | 26) 3/2 i 
So | ES| 8 | = 
& |e0| & |ao| & |e 
Ib. | Ib. | Ib. | Ib. | Ib. | Ib. 
11 in, 483.34 | 12.10 |425.26) 13.42 454.96] 7.04 
9,, 263.12|° 7.04|257.4 | 9.46 257.4 | 44 
8 5, 175.12| 4.84|175.34| 6.16 189.2 | 1.76 
” ore ° 81.18 2.86 | 83.82 1.54 
9-pounder 24.88} .88 | 
rie * 13.42| 44 | 
15 in. 477.4 439.56| ... |452.10 
60-pdr. No.1 |... 41.14) 1.76 | 




















All of these guns are of steel, and the majority 
are built with a central tube surrounded with coils 
as follows: 





For 12-in. calibres 4 coils 
. 2. 2 2” 
» Sand6é oid one or none 
As above stated the ig me mechanism is on 
-the Broadwell system as copied by Krupp. The 
number of grooves in the rifling is as follows : 





+ Of which only one vessel of two guns was finished at that date. 


Calibres. No. of Grooves. 
11-in. ane) ae 
9 5 32 
re eso 30 
6 5, ae hae oe | 
9-pounder... ; 16 


3.818 in. No 
the broadside ships, and 9 in. is the heaviest used 
for stern or chase guns, but it is intended to sub- 
stitute 1]-in. calibres for these. 


eo. 1 turn 
1 


ge OS 
The rifling is narrower at the breech than the 
muzzle and gradually increases. The twist equals : 
For ll-in. ... 
» 9 and 8-in 


in 70 calibres. 


” 


a RB. «.. ne a pa 
Most of the other particulars are given in the above 
Table I. and in the diagrams on pages 179 and 182. 
In the 12-in. gun the first coil is 2.204 in. thick, the 
second 2.598 in., the third 2.992 in., and the fourth 


s heavier than § in. are used in 


For 8-in, calibres and under, the carriages are in 


carria, 
behin 
weight rests on the forward pair. 
run in and out by a simple arrangement of gearing, 
and the frames can be shifted by means of tackle. 
For the heavier guns, brakes as shown in Fig. 1 are 
used, and for the smaller those indicated by Figs. 
2and 3. In Fig. 2, c represents a screw with two 


wood, but for heavier sizes they are in iron, The 


es have four wheels, two in front and two 
, 80 arranged that when lifted by a lever, the 


© guns are 





the friction plate. For calibres of 6 in. and under, 
a — brass plate placed in the middle of the frame 
is . 

There are three classes of projectiles, steel, cast 
iron, and chilled cast iron (Gruson’s). Flat-headed 
shells were used for some time, but these have been 
given up, and are only used now for testing pur- 
poses. The steel projectiles are manufact at 
the Oboukoff Works in the following manner: An 
ingot is taken of sufficient size to make ten projectiles, 
and this is reduced under the hammer to the proper 
diameter ; it is then divided into lengths, pd each 
piece is bored out. The cast-iron projectiles are 
made for the most part by Nobel. they are run in 
moulds with a steel chill, from which they are taken 
when red and covered with sand so as to cool 
gradually. They are afterwards covered with lead 
which is turned down ina lathe. All the projectiles 
receive an explosive charge, which is greater for 
the steel than for Gruson shell, and greater for the 
ordinary cast iron than for the steel. Fuses are 
used only for the ordinary cast-iron shells. They 
are of two kinds, both being percussive. The one 
is similar to that employed in Norway; the other 
consists of a hollow beces screw, the upper part 
is closed with a slightly projecting copper button, 
and is kept in place by having lead run round it, This 
plug on striking enters the screw, and explodes 
the fulminate. Case shot are employed only with 
9, 8, and 4-pounder rifles, and 60-pounder smooth 
bores No. 1. 


[Marcu 9, 1877. 
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ENGINEERING. 


[Marcu 9, 1877, 





Engineers (published in ENGINEERING, vol. xxii., 

pages 509 and 532) by Mr. Robert W. Hunt, general 

superintendent of the works at Troy. Itis pro 

in the present paper to treat the subject wey eee J 

rather than historically. The distinctive features 

upon which the manufacture depends for this very 
and regular output are the following : 

. Facilities for handling Material and Product, 
and for Repairs. 1. In the Melting Department.—No 
American works is as yet using fluid iron direct 
from the blast furnace, although the Vulcan plant 
is arranged, and the others may readily be modi- 
fied to do so. The results of the arrangement of 
this department are to gather materials from the 
largest yard space; to p them where they are 
requi with the least interference and with little 
labour ; to concentrate their products in the con- 
verting department by short and easy transporta- 
tion ;, to conduct the débris into the yard without 
labour ; to | amen protection of men and apparatus 
against cold weather and more especially to miti- 
gate the severity of the working heats in warm 
weather ; and, what hasan importance equal to any 
of these things, to provide the most ample room and 
conveniences for repairs. By referring to the en- 

vings of ground plan, Fig. 2, and cross sections, 

igs. 1 and 3, of the Vulcan plant, these features 
may be observed. The hydraulic lifts aa’, Fig. 2, 
are situated at the corners of the building, in order 
to command the yard on three sides of it; iron, 
coke, and refractory materials may thus be stored 
over a considerable area and yet be near their re- 
spective lifts. Hand wagons holding about a ton 
each are in every way more convenient than large 
railway trucks, chiefly because one man can ma- 
neuvre them, and they may be unloaded directly 
— avoiding some rehandling of material) into 
the large cupolas 4, 4, 4, and into the spiegel cupolas 
ec and c' c', which are all charged from the same 
roomy floor. Refractory materials for use on the 
28 ft. floor upon which the cupolas stand (see Fig. 1) 
are brought up by either lift, and those for use on 
the 114 ft. floor behind the vessels, as well as the 
coal for the vessels, are raised by lift.’ to that floor, 
which here extends the whole width of the building 
(see Fig. 3). The hinged bottoms of the large 
cupolas are dropped after the furnaces have run as 
long as they should run, and the considerable 
volume of remaining slag is thus cleanly discharged 
while it is hot and fluid, and it is discharged info 
the yard by means of the incline d, Fig. 3. Slag is 
constantly run from the cupolas as in blast furnace 
practice, and this slag falls down the same incline, 
along with a stream of water which disintegrates it, 
so that it is easily handled. All the slag might 
slide into dump wagons and so be at once removed 
at the least cost, but that from the hearth, when the 
bottom is dropped, is rich enough in iron globules 
to warrant its treatment in a ‘‘ tumbling barrel.” 
The comparatively small amount of spiegel cupola 
débris is withdrawn from the breast as in the English 
— and is, together with all other cupola 
ouse débris, thrown down the incline, beneath 
which an ample space commanded by a narrow- 
gauge railway is provided for its assortment and load- 
ing. But in case the metal for conversion comes 
directly from blast furnaces, the conveniences thus 
provided for the spiegel furnaces and for the vessels 
do not in the least interfere with the convenient 
handling of the blast furnace metal; on the con- 
trary, this arrangement enables the convenient use 
of this metal in part and of cupola metal in part, as 
may be made necessary by the insufficiency of smelt- 
ing plant or by the irregularity of blast furnace 
iron, Ifthe intention is to use chiefly blast furnace 
iron direct, the judicious use of a cupola (lined to a 
less diameter so as to run economically on a small 
rage. enables the manager to mix and temper 
is irons, much sooner than he could do so by the 
blast furnace alone, and so to get a uniform steel. 
There are two cupola ladles ff, Fig. 2, which are 
mounted on trunnions and provided with tipping 
; between these ladles there is the similar blast 
furnace ladle ¢’ on a car which enters the building 
through the gangway i, Fig. 5. Fig. 1 shows the 
side of this ladle and its car, and of the lift which 
raises it from the railway which leads to the blast 
furnaces, The metal from the ladles is poured into 
the vessels.by means of spouts », n, », attached to 
the ladles, and leading to the common runner g and 
thence to the swinging runner 4, which conducts it 
to either vessel, It will be observed that this blast 
furnace metal ladle, with its railway on the general 
level, its hydraulic lift and its spout, is perhaps as 
convenient as it could be, were there no cupolas, 


while the cupolas are perhaps as convenient as they 
could be were there no b furnace ladle. The 
two systems are not in interference, on the con- 
trary, they are auxiliary one to the other. An in- 
cidental value of the blast furnace lift ¢ is to remove 
and take down to the yard quickly, by means of the 
traveller (see Figs. 1 and 4), a ladle scull, or either 
of the ladles ff which may need relining, and to 
bring up a spare ladle. The convenience of a very 
roomy tapping floor, all on one level for both the 
main and the spiegel cupolas, from which all the 
tuyeres may be inspected and cleaned, will be ap- 
preciated by experts. It will also be observed that 
all the operations going on in the —— house ma: 
be observed from the converting house, throug 
large openings in the dividing wall ; half the centre 
opening and also the right-hand one are shown by 

ig. 4. The concentration of the metal in the convert- 
ing department, by means of the various radial spouts 
an, and those running to the spiegel cupolas, and 
of the swinging spout 4 which serves both vessels, 
is facilitated by making the inclination of these 
spouts very steep, so that the metal will run out 
rapidly and clean. For this purpose the various 
levels have been raised in successive works, until 
the cupola-charging floor is here 40 ft. from the 
ground. Hoisting the charges a few feet further, 
when they are once on a lift, costs an inappreciable 
amount, but the sluggish running of metal to the 
vessels is a source of delay andexpense. The —_ 
and runners, except where a stream of metal falls 
directly upon them, are made of cast iron 24in. thick, 
and are properly washed and warmed before use, 
which farther facilitates the clean running of the 
iron. Attaching the ladle spout to the ladle (by 
means of an easily detachable ey, — 
slopping and scrap. The cupola es ff facilitate 
the distribution of metal to the vessels. They form 
reservoirs which make the melting department and 
the converting department independent of each 
other, within limits. This advantage was not fully 
appreciated until the large productions of the last 
few years were attempted: Should any delay 
occur in casting, in preparing a vessel, or from any 
cause, the melting department keeps right on, for 
these three ladles will hold six vessel charges, which 
may be stored and converted when the converting 
department is ready for them, Cast iron will “live” 
in these thickly lined ladles, when covered with 
charcoal, for several hours. But it is necessary to 
put these ladles upon weighing machines, so taat 
either uniform vessel charges may be run out, or so 
that the spiegeleisen may be proportioned to such 
charges as are run out. The ladles and their weigh- 
ing machines stand on a small floor 20 ft. above the 
general level, partially under the 28 ft. or cupola 
floor. A front view of this 20 ft. floor is given in 
Fig. 4 and a section in Fig. ]. 

The protection of men against extremes of heat 
and cold is an important matter in America, and 
may well be considered in any country. Except- 
ing the removal of ingots from the pit, charging the 
cupolas is the most hot and severe work of the men. 
It will be observed from Fig. 2, that the 40 ft. cupola- 
charging floor is very large, that there are a high 
roof and ample ventilators above it, and that it is 
surounded on all four sides by windows. The ele- 
vation of this floor to get a rapid fall of the metal, 
at the same time raises it above the adjacent con- 
verting house, so that any air that may be stirring 
makes a through draught. Winter protection requires 
merely the closing of the windward openings. In 
other American works the cupola-charging floor is 
placed over the cupola ladles. The advantage of 
placing it otherwise, as here shown, is, first, that itis 
nearer the greatest window area, second, that it is 
not heated by radiation and hot air from the ladles 
and from the molten metal, and third, that it does 
not interrupt the upward current of hot air from the 
ladles and vessels. The arrangement shown leaves 
a ventilating shaft from top to bottom of the hottest 
part of the building. The 28 ft. cupola tapping floor is 
open on three sides to the outer air, and the wide 
11 ft. floor behind the vessels runs from end to end 
of the cupola house, and is ventilated by the shaft 
above referred to. 

With regard to convenience and celerity of cur- 
rent repairs—a most important consideration—it 
will be observed, first, that while either cupola is 
stopped for repairs, the others may discharge into 
either ladle ; second, that all three ladles may, by 
means of the ladle lift and traveller, be replaced or 
interchanged; third, that abundant room and 
ample platforms and stairways are provided for 





the dressing of the runners from the ladles and 





spiegel cupolas to the vessels; fourth, that because 

e cupola department is divided into several stories, 
ample room is provided in each of these stories for 
the refractory materials used in them ; fifth, that for 
the same reason there is a large space at one end of 
the cupola building, which is not otherwise required, 
and which is thus available for the preparation of 
refractory materials by means of crushing and grind- 
ing mills and their driving engine; these are not 
shown in the engravings. The cupola lift and the 
successive stories thus afford, with very little extra 
expense, the most convenient facilities for the pre- 
paration by successive stages—falling out of one 
machine into another—and the ready distribution of 
refractory materials. 








THE PENNSYLVANIA RAILROAD. 
No. X.—Stations—(continued). 

THE new terminal station at West Philadelphia is 

rhaps the most important on the Pennsylvania 
Railroad , and is illustrated on pages 186 and 187. 
It occupies a site immediately adjoining the old 
depét, and stands back from the main road, being 
reached by a carriage drive that passes underneath 
a timber ornamental covered way in front of the 
fagade. The design of this covered way is shown in 
Fig. 1, which also gives the front elevation of the 
station building, and it will be seen to have con- 
siderable pretension of design. It is a two-storied 
structure, the upper floor being chiefly occupied by 
the company’s offices. The facade is constructed of 
different coloured bricks arranged with a very good 
effect. Fig. 4 isa plan showing the arrangement of the 
whole station. From this figure it will be seen that 
behind the station building are two covered sheds, 
about 900 ft. long, each of them covering three'lines 
of rails. Fig. 3 is asection through one of the sheds, 
from which it will be seen to consist of columns 
spaced about 15ft. apart, and carrying a curved 
timber truss with iron ties. This truss is extended 
on each side beyond the columns, and is supported 
by brackets as shown. The longitudinal girders 
between the columns are braced together with double 
ties converging into a single rod running across the 
span, and supported at two points in its length by a 
light suspension rod, An adjusting screwed sleeve 
is placed in the middle of each tie-rod. The roof 
is covered with tinned sheets carried on purlines, 
and a lifted ventilating roof with louvres in the 
sides is placed in the centre. There are altogether 
twelve tracks in the station, six of which are under 
the shelter of the two sheds, and the remaining six 
are used for storage of cars, &c. There are ten 
platforms as indicated on the plan. The station 
comprises three independent structures—the station 
building proper, the departure baggage room, and 
the arrival baggageroom. The design of these two 
latter are shown in Fig. 1, and their position and size 
in Fig.4. There is besides onthe end platform a small 
office for receiving parcels, The space around the 
station building is covered in with a flat roof as far as 
the gable endjof the enclosed roofs over the tracks, as 
shown in Fig. 2. The main building is about 180 ft. 
by 100 ft., and the general arrangement will be seen 
in plans Figs. 4 and 5, the former of which is taken 
on the ground line and the latter on the level of the 
first floor. Fig. 2 is a section to a larger scale on 
theline A B. It will be noticed that the general 
waiting-room does not occupy a central position in 
the building, having on one side of it a general and 
a ladies’ restaurant 40 ft. wide, and occupying to- 
gether the whole depth of the building, while on 
the other side is a ladies’ waiting-room 40 ft. wide 
by about 100 ft. long, approached by a e from 
the general waiting-room, and having on one side of 
it the ticket office, and on the other lavatories, occu- 
pying a width of about 20ft. On the second floor, 
which is reached bya winding stair, are situated on one 
side the kitchen and offices of the restaurant, and 
on the other the offices of the general agent, general 
baggage agent, conductor and train agent, telegraph 
dane stores, &c. A second spiral stairway leads 
from these rooms to the ground level. This part 
of the building is covered by a flat roof as shown in 
Fig. 2, and from the same figure it will be seen that 
the general waiting-room rises unbroken up to the 
roof, the centre of which is about 65 ft. from the 
ground. A very spacious chamber is thus obtained, 
measuring approximately 8] ft. by 100 ft. The con- 
struction of the roof is somewhat similar to that of 
the Jersey City depét we published last week, and 
is clearly shown in the details Figs. 6to 32. By re- 





ferring to the perspective — Fig. 6, it will 
be seen that the roof is carried by four main trusses, 
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springing one from each corner of the wall and 
meeting at the top in a horizontal rafter. From 
each of these points of intersection three secondary 
trusses fall upon the wall plate running around the 
top of the building, and the spaces between these 
and the foot of the main trusses are again divided by 
a third series which meet 7 the principal rafters 
of the main trusses, A light system of bracing 
parallel to the walls of the building is introduced, 
starting from the foot of the central strut of each 
main truss at A, Fig. 6, and a second starting 
from the same point and terminating at the ridge 
rafter at B, as indicated in the same fi This 
construction involves a considerable number of 
joints and connexions. The wall plate running 
around the top of the wall is 6in. by 10in., and 
is halved together at the angles, as shown in Fig. 27. 
Figs. 25 and 26 are a side elevation and plan of the 
rincipal truss, shown in detail by Figs. 27 to 32. 
he principal rafter is 15 in. by 12 in, and is 
60 ft. 63 in. long. The trussing is of the simplest 
character = Figs. 25 and 26). The middle strut, 
which makes the depth of the truss from the 
centre of the principal rafter to the centre of 
the eye bolt, 9 ft. 112 in., is built up of two 
T-irons bulged in the centre to obtain increased 
stiffness, and kept in position with rivets and 
distance pieces. At the foot of the strut is a dis- 
tance block rivetted to the T-irons, and at the top 
where the webs come together, two brackets are 
rivetted to the tables, and form the means of at- 
tachment to the principal rafter by two through 
bolts. The side struts, Figs. 27 and 29, are of 
lighter construction, being made of flat bars bulged 
in the middle and kept in position by distance 
ferrules andrivets. A distance block is placed at 
the bottom, just above the point of attachment to the 
ties, and the upper end of each bar is turned over at 
right angles, and fastened by coach screws to the 
rafter, Near the top of the main strut, Fig. 28, is 
shown the attachment of the ties passing to the 
bottom of the smaller struts. They are light round 
bars, the eyes formed in the ends of which pass 
through an opening made in the webs of the T- 
irons forming the strut, and held in position by a 
through bolt. The assemblage of ties at the foot of 
this strut is rather complicated. There is first the 
pair of round ties passing from the foot of the 
strut to the end of the rafter where it is attached to 
the cast-iron shoe, Fig. 30. There is next a pair of 
flat ties going back to the shoe in the wall plate at 
C, Fig. 27. Within there is another pair of similar 
ties diverging from the foot of the strut, Fig. 28, 
and passing to the other principal trusses, makin 
the rectangular line of bracing before alluded to, a 
shown in the small perspective diagram, Fig. 6. 
Finally, there isa light central tie, which passes u 
to the further end of the ridge, as shown at i, 
Fig. 26. The length of this rod is 44 ft. 114 in., 
and it is shown in detail in Fig. 33. The form of 
the cast-iron shoe is shown at C, Fig. 28, and the 
one at the ridge rafter level at D, Fig. 30, as well as 
in Figs, 10, 11, 12, 13, and 19. As will be seen, this 
is somewhat intricate, as it receives the upper ends 
of the two of the principal trusses, three of the 
secondary trusses, and one end of the ridge rafter. 
Lhe secondary trusses are shown in Figs. 9 to 19. 
The length of the principal rafter is 45 ft. 14 in., 
the distance from the centre of tie over wall plate 
to the middle of span is 40 ft. 5 in., and the rise from 
Springing 20ft., of course the same as in the 
principal trusses just described. The form of truss 
is also similar to the latter, and is clearly shown in 
the details; the struts are, however, in each case 
built up of thin bars bulged, and kept in form by 
ferrules and rivets, The size of the principal rafter 
18 12in. by 7in., and the upper ends of the pair of 
tie-rods are spread from the strut to pass on each 
side of the rafter to which they are held by a 
through bolt (Figs. 12 and 19.) The truss is 
attached to the shoe by a bolt which passes through 
a pair of these rafters, and the ends of which take a 
bearing on a flat surface received in the u per side of 
the rafter as seen. ‘The third and want series of 
trusses are shown by Fig. 8, and Figs. 20 to 24. 
The principal rafter of these is 22 ft. 6} in. long, the 
length of span is 20 ft. 24in., and the height from 
the springing to the point of connexions with the 
principal truss is 10 ft. ‘This connexion is made by 


& cast-iron shoe, Figs, 20, 21, and 24, bolted to the | P°™ 


principal rafter of the main truss. The length of 
the rid, e rafter is 19 ft. 2$in., and the size 10in. 
by 13 in. Fig. 7 shows a part of the assemb of 

» D being the main truss, and E and F the 
trusses of the second and third systems, The 








general appearance of the whole structure isexcellent, 
and is shown in Fig. 2; the arrangement of purlines, 
roof covering, &c., call for no special a 4 


THE ORIGIN OF MOTION, 
To THE EprTorR oF ENGINEERING. 

Sr1n,—Seeing letters of Messrs. Hajnis and Sheward 
concerning the attraction of the earth on the moon I should 
like to add a word or two which I think I have remembered 
correctly from y’s Lunar Theory on the subject 
showing that the moon is retained in its orbit by the force 
of gravity as follows ; j 

{ot emauntigudls ft. per second, radius of earth— 
4000 miles approximately. 

Distance of moon from earth—=60 x earth’s radius. 

Time of a revolution of moon round 


traction of earth varies as ————___ 
square of dist. 
.*. In 1 second the moon under action of earth moves in 
1 second through 


(60)? 








(1.) : ; =.00447 ft. approximately. 
Also the moon in 1 second describes an angle 
=__2m__—9 (say). 

274 (60)? 24 

-*. In1 second its approach to earth is 4000x5280 x 60 
(versine ?) ft. 
_ 4000 x 5280 x 60 x Qa? 

(273)? x (60)? x (24)? 
3... 4 . =.00448 ft. ee. 
Now from (1) and (2) we see that the distance the moon 


is moved out of her straight course is almost the same as it 
would fall towards the earth if affected by gravity only, 
and we may, therefore, conclude that the moon is kept in 
its course by the action of gravity. omne 


“CENTRIFUGAL FORCE ». UNBALANCED 
FORCE.” 





To THE EDITOR oF ENGINEERING. 

S1r,—In the article, bearing the above title, which you 
published on February 23, the author when using such ex- 
pressions as “the forces that are opposing her (the ship’s) 
motion exist entirely in virtue of the fact that she is going 
ahead,” and “‘ centrifugal force is the resistance against 
alteration of the direction of motion, and arises entirely 
from the fact that the alteration is taking place,” does not 
seem to me to steer clear of the supposition that energy is 
being created. If the phraseology is perfectly compatible 
with the principle of the ‘‘ conservation of energy,” I shall 
be much obli to Mr. Napier, or any of your readers, 
should my difficulty come before them, by your favouring 
me with the insertion of this letter, if he will clear up the 
point for me. It appeared to me, however, that the force 
necessary to balance the centripetal force might be ac- 
counted for in another way, and I submit the following to 
superior judgment. 





A portion ac—indefinitely small, and in which, there- 
fore, the arc and its chord may be sup to coincide—of 
the path of a body describing a curvilinear orbit, may be 
looked upon as the resultant of ab and bc, ab being tan- 

ntial to the curve at a, and the path the body would 

ve described in the same time if the centri force 
had ceased to act when the body was at a, and bc being 
the path which it would have traversed if acted upon by 
the centripetal force alone for the same time. ? 

Each of these a b and b c may now be resolved into two 
components, one in the direction of motion of the body, 
the other in a direction perpendicular to that of the 
original tangential motion a b. The centrifugal force b c 
is thus resolved into bd, which tends to change the 
direction of motion of the body, and dc, which tends to 
move it in its orbit, i-e., in the chord ac; if the body is 
approaching the point f this latter a be in the 
direction ac, but if receding it will be in direction ca; 
the tangential motion a b is resolved into ad in the orbit, 
and db which opposes alteration of the motion from the 
original direction a b. ; ‘ 

It is true that no force is involved in the uniform 
motion of a body in a straight line against no resistance, 
but at any moment such motion, or any part of it, may be 
conve into a force by resisting that motion. This, it 
appears to me, is what the centripetal force, or a com- 
ent of it, sen and that the force —_ —— this 
is @ component of the original tangential motion, re- 
solution of which is effected in virtue of the action of the 
seeeniaiss ainerastn casas eet 

’ acts on the or, er wi a 
is resolved) only in oy motion of the body 


uence of 
due to the force b d ; ‘wi C here then, I think, all the 
conditions which 


e ive 
Mr. Napier requires for balancing the 


earth—27} days. At- | circl 


centripetal force, without invoking another force called 
“ cen’ FY ” to it% arise.’’ 

The orbital motion ac is the algebraical sum of ad and 
dc, the orbital components of the original motion and that 
due to pry i force, ys ywer of —— ane 
creases as ry proaches f, increases as it recedes, 
as also does dc; but this latter is an accelerating force, 
and I should think that the combined effect of the two 
could be proved to be such (the problem involves more 
mathematics than I am master of) that it would always 

ive ac the correct orbital velocity. A particular case of 

his problem, one which is easily solved, occurs when the 
body is nearest to the point f, for then the centripetal force 
acts eet to the direction of motion, and exerts 
its whole influence chong that direction. If this state 
of things is perpetuated the orbit of the body becomes a 
e, and since the centripetal force always acts at th 
same distance, the resolved components of the tangential 
motion will be constant, which gives the orbital velocity 
constant, a correct result for the case of the ore 


February 28, 1877. 


FORCE AND MOTION, ° 
To THE EpiITrorR or ENGINEERING, 

S1z,—In my paper on “‘ Centrifugal Force’’ on 
of ENGINEERING of February 23, a sentence which I had 
written ‘‘in the case of a vessel going forward at a uniform 
speed it is manifest that the sum of the forces driving her 
forwards is equal to the resistance or the sum of the forces 
driving her backwards,” was altered in the last part to “‘ or 
the sum of the forces acting in o ition to her motion.’’ 
I have been told by some of my friends that the alteration 
was an improvement, but it takes all the point out of my’ 
argument, which was that a force in opposition to a given 
direction was a force driving the opposite way. 

To make this perfectly clear it is only necessary to con- 
sider the following case. If a ten-knot steamer is running 
ae a ten-knot current in a river, it would generally be 

itted that she was aetennn, sat the reason assigned 
would be that thé current was driving her backward with 
a force = to that which the steam was driving her for- 
ward. is would be a true statement of the case, but 
surely the relationship existing between the steamer and 
the water is in no way affected by the relation between the 
water and the land. If it were so then in mid-ocean it 
would be — to tell whether the pressure on the 
bow of the ship was a force in opposition, or a force drivi 
her backwards. Of course, by ing the latitude an 
longitude twice it might be possible to find it if the current 
not altered during the time, but it would be as sensible 
to take the latitude and longitude to ascertain the thrust 
on the screw shaft, or the pressure of the steam on the 
safety valve. 








Rosert D. Napier. 
NEGATIVE SLIP. 


To THE EpIToR or ENGINEERING. 
S1z,—Can you or any of your readers give me or tell me 
where I can obtain some reliable information on this sub- 
ject’ Who first propounded the theory of negative slip? 
take very great interest in the matter, and I intend to 
make a few —— with a view to prove that nega- 





tive slip, as o ly understood, never takes place. 
Yours, &c. 
Erith, March 3, 1877. PROPELLER. 








‘“ THE DEFECTS OF CERTAIN SINGLE- 
ACTING ENGINES AND A REMEDY.” 
To THE EpiTror oF ENGINEERING. 

S1z,—I have Mr. Messenger’s last response, but I 
cannot reconcile myself to his suggestion, for f in- 
vestigation of Mr. Head’s paper, a paper which your 
correspondent has himself censured, and rebuked the author 
brome A e not going 4 a e- further in his ewamina- 
ion’’ on the su oO e-acting engines. 
ene laine to what was placed before 


I attach v 
the Cleveland Institution of Engineers, my data being more 
substantial and reliable than what our friend would again 


have me refer to. 

I earnestly assure Mr. Messenger that my arguments 
have been set forth free from petulance or anger, and he 
ought to thank me for quashing every single objection he 
has unfortunately raised. 


Albert Works, Bury, March 7, 1877. 


Tue TUILERIES.—The central section of the Palace of the 
Tuileries at Paris, which was burnt by the Communists in 
May, 1871, is to be rebuilt at once. 


CiviL AND MecHanicaL ENarinenrs’ Socrety.—At 
the meeting of this Society on the Ist inst., a paper on 
** Joints in Woodwork” was read by Mr. H Adams, 
A.L.C.E., M.I.M.E., and lecturer on enginee 
City of London College, Leadenhall-street. The author 
described and illustrated ~/ upwards of one hundred 
Fieay; Se. In the diepueden Gniek Bipods Ce pee 
joinery, &c. In ion w ollowed, 
si , RK. M. Bancroft, vice - ident, H. Valpy, 
M.1.C.E., past president, G. . Willcocks, A.I.0.K, 
W. OC. Street, treasurer, A.I.C.E., Mr. Adams , 
North London Railway, and the following gentlemen took 
H. is, Hill, BR. BE. Po +d 


lp wnall Love, 
umby, Thom: 
termina’ 


W. WALKER. 

















152 , 





186 ENGINEERING. [Marcu 9, 1877, 








THE PENNSYLVANIA RAILROAD; WEST PHILADELPHIA STATION. 
MR. JOSEPH M. WILSON, PHILADELPHIA, ENGINEER AND ARCHITEOT. 
(For Description, see Page 184.) 
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Krne's Cotegs Enorneerine Socretr.—Ata meet- | Spezzia with those of the 81-ton gun at Shoeburyness, | delivered during the 8 and summer. The Chicago 
ee od 3 poney on Friday, March 2nd, a paper was read | and concluded with a detailed account at of the recent trials | Steel Works are at | time on bar onl — 
La Burges on ‘‘ The Trials of the 81-Ton Gun.’ against the armour-plated target and the effect produced | steel. The North h Chicago Rolling Mills ar © again oe 

r. it commenced by by giving a short description of | thereon by the shots. His paper was illustrated by | in all their departments, out week about 1100 
the gun and its carriage, with a statement of the weights | diagrams of the targets employed on these occasions. | tons of Bessemer steel and iron rails. The company has 
and dimensions. He proceeded to describe the first trials Messrs. Pollock, Guinness, Crompton, and Douglass took | now 1500 names on its pay rolls. The output of these 
with the flat-headed bolts, which were carried on against pus in discussing the several questions which had been | works last year was 54, tons of steel rails, and 39,331 

ro tons of 



























the proof butts oe on Woolwich. He then gave in rotation ught under notice, and a discussion was raised upon the The Laramie Iron Works in Wyoming 
the various trials with different-sized powder, cubes of | question of economy in private workshops as compared senator’ Love t been turning out of late 60 tons of rails 
powder, and weights of shot, noticing especially the | with the Government arsenals. per day. 
initial velocities of the shot, and the pressure on the 
Kor. chamber after each successive enlargement of the American MecnuanicaL Inpustry.—The manage- Russ1an Inon Hots. —Onders none bamn ie 
_— was srereee AT ws . brief my ey of the ment ef the ‘austansh ath tee Conabals took Cotas has | Russian Government to the manager of the fm 

iments, e aguineh es ded a contract with the Cambria Iron Company of roy at Tula to construct withost delay 40, robes 

a b compesel oy —t oy of the 100-ton gun at Johnstown, Pennsylvania, for 3000 tons of steel to be the accommodation of troops 
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THE PENNSYLVANIA RAILROAD; WEST PHILADELPHIA STATION. | 
MR. JOSEPH M. WILSON, PHILADELPHIA, ENGINEER AND AROHITECT. 
(For Description, see Page 184.) | 
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THE PATENT BILL. | 

AT a meeting of the following London patent ts, 
Messrs. Tongue (chairman), Alexander, Mewburn, Collette, 
Sen., Clark, edge, Mo -Brown, Jensen, Brewer, and 
De Pass, held on Monday last the 5th inst., at 33, Chancery- 
lane, to consider the new Patent Bill, the following resolu- 
tions were passed : 

1. That in Clause 6 the second section be altered to read 
as follows : 

“The number of the examiners and assistant examiners 
shall be such as the Lord Chancellor, with the consent of 
the Treasury, from time to time may direct.” 

2. That no Letters Patent be refused on the ground 
of 7. want of novelty, that being a question for a jury. 

3. t Clause 11 be altered to read as follows : 

“On the filing of the complete specification the Com- 
missioners shall make public the provisional specification, 
but not the report or the complete specification.” 

4. That in Clause 12, line 35, the word “ filing’’ be sub- 
stituted for the word ‘‘ publication.” 

5. That no report should be made public before the sealing 
of the patent, and that therefore lines 5 and 6, and 14 and 15, 
in 4, should be expurged. 

6. That for the words contained in lines 12 and 13, page 4, 
the following words be substituted, viz : 

** The law officer shall report to the Commissioners his 
opinion. 1. Where the application has been opposed on 
the ground of fraud, whether, regard being had to the 
evidence adduced, a patent may be allowed for the inven- 
tion or not. 2. Whether the invention is contrary to 
public morals. 3. Whether any, and if so, what prior 
matter found and pointed out by the examiner or by any 
opponent ought to be mentioned in the complete specifica- 
tion, so as to clearly define the applicant's claim. 

** The Commissioners may then require the applicant to 
amend his complete specification, in accordance with the 
report of the law officer.”’ 

- That the first line of Clause 15 be altered to read as 
follows : 

‘* Tf the law officer does not report as aforesaid against the 
a. 

. That Clause 16 be altered to read as follows : 

** If the law officer reports against the application as 
aforesaid, or if the applicant objects to amend his complete 
specification as required by the Commissioners, the appli- 
cant may petition the Lord Chancellor for the grant and 
sealing of a patent.’’ 

9. That in Clause 18, lines 36 and 37, the words “the 
publication of’’ be struck out. 

Joun G. Tonaus, Chairman. 


NOTES FROM THE NORTH. 
Guiaseow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron warrant 
market opened brisk at an advance of jd. last Thursday, 
buat prices became weak in the afternoon, and a fall of 5d. 
per ton took pate. Business opened at 55s. 7}d., but after- 
wards 55s. 7d. was accepted, the market closing in the fore- 
noon at 55s. 7d. one month for sellers, and 55s. 6d. cash for 
buyers. In the afternoon 55s. 4d., and latterly 55s. 2d. 
cash, and 55s. 6d. to 55s. 4d. one month were accepted. 
The market closed—sellers 55s. 3d. cash, and 55s. 44d. 
one month; buyers 55s. 14d. and 55s. 3d. respectively. 
The market was rather easier on Friday forenoon, when a 
quiet business was done in warrants at 55s. 2d. to 55s. 14d. 
cash, closing with buyers at the lower and sellers at the 
higher quotations. There was a quiet market in the after- 








noon. usiness was done at 55s. cash, the market ae 
with buyers over, sellers 55s. 3d. Monday’s market open 
a little better than last week’s i tati but the 





advance was not maintained, and | prices closed easier. 
Business in the forenoon was steady at 55s. 3d. cash and 


also at one month, and closed, sellers at the former and | 


buyers at the latter. Sellers gave way in the afternoon, 
and 55s. 1}d. cash and 55s.3s. one month were paid. The 
market closed, sellers 55s. 3d. one month, 55s. 2d. cash ; 
buyers 1d. per ton less. Yesterday’s market was steady in 
the forenoon, when warrants changed hands at 55s. ind 
cash, buyers remaining at the close, sellers asking 55s. 2d. 
prompt. The market was quiet in the afternoon, the 
prices remaining unchanged. Flatness was the rule this 
forenoon, bata good business was done in warrants at 55s. 
cash, and from 55s. 14d. to 558. one month, closing sellers 
55s. cash, buyers at same price with one month to pay. 
The market continued flat in the efternoon; no business 
was reported, buyers 54s. 10d. next week, sellers 54s. 11d. 
cash to-morrow. During the last week or so the warrant 
market has been very much depressed, and the recent 
quotations show little recovery from the lowest point 
touched at this time, which is also the lowest quotation 
reached since April, 1871. A large amount of business 
has lately been done, great quantities of iron having been 
thrown upon the market that had been bought at much 
higher prices, and there have also been many sales for 
Soreced delivery ; but all the iron thus placed on the 
market has found ready purchasers in a fiesh lot of buyers. 
Pig iron is certainly now at a comparatively safe price for 
buyers, who have this fact in their favour, namely, that a 
time of renewed activity must in the near future follow 
the depression which has so long prevailed throughout the 
world. Were it not that the foreign trade is really ve 

bad, the prices would not be so low. Shipping iron is sti 

very dull, and shipments continue to be small. Until 
there is a more active demand for exports, quotations are 
likely to hang. A considerable quantity of iron has latel 

been delivered into the warrant stores, and the total stoc 

with Messrs. Connal and Co. up till last Friday night was 
124,969 tons, showing an increase of 1561 tons for the 
week. There is no alteration to report in respect of the 
number of blast furnaces in operation, there being still 119 
in blast, the same number as at this time last year. The 
home trade is good in most of its branches, and is taking 


large quantities of iron. 
Scotch ports amounted to 8630 tons, as 
the corresponding week of last year. 

Institution of Engineers.—The ordinary monthly meet- 
ing of the Graduates’ Section of the Institution of Engineers 
and Shipbuilders in Scotland was held last night, Mr. 
David C. Hamilton, President, in the chair. Anttreing 
discussion took place upon “‘ Phosphor-Bronze,” whic 
was the subject of a paper read by the secretary at a 
previous meeting. Many important facts were elicited in 
the course of the discussion, and amongst the speakers 
there were Mr. James Gilchrist, Mr. Mayer, Mr. James 
Weir, Mr. John Miller, and the President. A hearty vote 
of thanks having been awarded to Mr. Dewar (secretary), 
@ paper was read by Mr. F. Darkin, of London, on “‘ High- 
Speed Steam Engines.” 

Another New Shipbuilding Yard.—In addition to the 
new shipbuilding yard to which I referred last week, I 
understand that another is about to be started at Leith, 
the heads of the firm being two Clyde gentlemen. Mr. 
John Ferguson, Jun., whose father is one of the members 
of the firm of Barclay, Curle, and Co., and Mr. Ramage, 
who was for a long time the oe of the shipbuilding 
business of Messrs. Denny and Brothers, Dumbarton. The 

und required for this new yard has been leased from 
the Leith Harbour Commissioners. 


New P. and O. Liner.—It is reported that the Peninsular 
and Oriental Steam Navigation Company have just con- 
tracted with Messrs. Caird and Co., Greenock, for the 
building of a new steamer for their celebrated line. She is 
to be a vessel of 4200 tons, 700 horse power of engines, and 
to have accommodation for 200 passengers. 


Last week’s shipments from all 
against 9644 tons 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Closing of a Colliery near Sheffield.—In consequence of 
the dulness of the coal trade, it is stated that Messrs. 
Newton, Chambers, and Co., of the Thorncliffe Iron Works 
and Collieries near Sheffield, have decided to close their 
Newbegin pit, which works a seam of thin coal. This 
action on the part of the firm involves the discharge of a 
number of men, some of whom, however, will have work 
found at other collieries if possible. 


The Proposed Extension of the Leeds Gas Works.—On 
Thursday last a special meeting of the Leeds Gas Com- 
mittee was held to consider what course should be taken 
as to the proposed compulsory purchase of about 80 acres 
of land in the parish of Rothwell, for the purpose of onsing 
new gas works thereon. In consequence of the alleg 
enormous value of the land, and of the said to exist 
under it, the committee decided to withdraw the clause 
and the schedule seeking the powers to purchase. Before 
next session another site will be sought for by the com- 
mittee. 

The Stocksbridge Railway Company.—At the ordinary 
general meeting of the shareholders of this company it was 
stated that the line was now nearly completed and would 
soon be ready for traffic. It runs from the Deepcar station 
of the Manchester, Sheffield, and Lincolnshire Company 
to the works of Samuel Fox and Co. (Limited), at Stocks- 
bridge. 

The Aldwarke and Carrhouse Collieries.—At these 
collieries, the property of John Brown and Co. (Sheffield), 
the seam known as Kent’s thick coal has been for some 
time worked from the same sbaft as the Barnsley seam, 
but the proprietors are now sinking another shaft, which 
= = a depth of about 80 yards, to specially work the 

ent le 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a good 
attendance on ’Change at Middlesbrough, but again the 








- | amount of business transacted was scarcely worth mention- 


ing. The prices of pig iron were based upon No. 3 selling at 
44s. per ton. Each week matters are becoming more serious. 
There are now 159 blast furnaces connected with the Cleve- 
land Ironmasters’ Association, and 112 of them are inopera- 
tion. Messrs Samuelson and Co. are building one new blast 
furnace, and the Consett Iron Company are building one. 
It will be seen that makers’ stocks now amount to 180,000 
tons, which with 20,000 in the warrant store at Middles- 
brough, bring up the total to 200,000 tons. Considering 
the depressed times this is a serious matter. Unless there 
is soon a change for the better, the number of blast 
furnaces in operation will certainly be reduced before 
many weeks pass away. Few ironmasters can afford to 
stock pig iron, but as My Lys expense is incurred in the 
blowing out of a single blast furnace, they exhaust their 
patience and furnaces before they resort to the extremity 
of reducing their production. The pig iron sent from 
Middlesbrough at present is going chiefly to Belgium, 
France, Holland, Germany, Spain, and Scotland. 

The Finished Iron Trade.—As might be expected from 
the condition of the pig trade there is no improvement in 
the finished departments. Fresh orders cannot be had and 
any are weaker. It is generally believed that trade will 

no better for months to come. 


pte ws and Engineers.—For some months past 
iron shipbuilders on the Tyne, Wear, and Tees have been 
busy. They have still a good deal of work on hand, but 
some of them find that orders are not now so easily ob- 
tained. At Middlesbrough the men at the Cleveland k- 
yard, Messrs. R. Dixon and Co.’s, have applied for an ad- 
vance of 10 per cent. in their e employers in 





wages 
this district think that the application of the men is inop- 
portune, and significantly suggest that there is a possibility 





of killing the goose which Jays the golden eggs. It is ho 
that the wages question will | be ape withoet 
any sto) of work. Engineers in the North of England 
are fairly off for orders. 


The Coal and Coke Trades.—The coal and coke trades 
continue bad, and it is feared they will be worse before 
they are better. 


Ironstone Mining.—Owing to the general depression and 
the anticipated blowing out of blast furnaces, some of the 
Cleveland mines have been stopped for the present. There 
is a large number of men out of employment, and it is ap- 
prehended that the number will soon be i . 





NOTES FROM THE SOUTH-WEST. 

Great Western Railway.—The engineer’s report states 
that progress is being made with branch railways at St. 
Ives, Hayle, and Sutton Harbour, and additional sidings 
are being provided at Exeter. Tenders are under con- 
sideration for an extension of the new deep water quay for 
ocean steamers and deepening of the harbour at Millbay, 
Plymouth. Tenders have been accepted for new stations 
at Torquay and Swansea, and a contract for an enlarge- 
ment of the Plymouth Station will be let next month. The 
narrow gauge additional works, including locking and 
signals, between Bristol and Exeter, will be finished this 
—— The quantity of steel rails used during the 
past -year amounts to 16,200 tons. Of the quantit; 
used during the past six or seven years, an extremely sma: 
seapastion ban as yet been taken out of the permanent way, 
and there is no doubt that great economy will be felt from 
the adoption of steel instead of iron. 


Newport Water Works.—The directors express regret 
that the works at the new reservoirs have not progressed 
inthe manner they had anticipated. A 15-in. main has 
been laid from the new reservoir to St. Woollos reservoir 
in a satisfactory manner and ata moderate cost. 


Llanelly.—The improvement in the coal trade at this 
port steadily continues. A large quantity of coal was 
shipped to foreign ports in the past week. The steamer 
Louisa arrived in the Copper Works Docks on Thursday 
with a large cargo of lead ore. The want of lead ore has 
lately caused a temporary slackness in the trade. 


The Pelican.—The Pelican, 6, composite sloop, is to be 
launched at at po Dockyard, April 20. This vessel 
has been completed and ready for launching for the past 
twelve months, but through some default in reference to 
her engines has remained on the stocks. As soon as the 
Pelican is launched another vessel of the same class will be 
laid down and built on the same slip. 


The Emerald. —The Emerald, new composite, unar- 
moured corvette, has arrived at Devonport, from Pem- 
broke. She is 220 ft. in length, 44 ft. extreme breadth, 
1864 tons displacement, 2100 horse power indicated, and 
will carry twelve 64-pounder guns, with a complement of 
220 men and officers all told. She was fully rigged at Pem- 
broke b riggers sent from Devonport cm in December, 
— a. & the voyage from Pembroke to Devonport under 
steam. 

Proposed Reduction at Sirhowy.—At Sirhowy Works 
notices has been posted that all contracts will cease at the 
end of March. This step is ‘considered to be a precursor 
of a drop. 

Abercarne.—On ,Thursday notices that all contracts 
will cease on the 31st instant were posted up at Abercarne 
Colliery, of which the Ebbw Vale Company are the owners. 








Tue INsTITUTION oF Crvin EN@INEERS.—At the 
meeting of this Society on Tuesday, March 6th, 1877, Mr. 
George Robert Stephenson, President, in the chair, it was 
announced that the Council, acting under the provisions 
of the bye-laws, had recently transferred Messrs. Fre- 
derick Charles Bullmore, Falmouth, and John Head, Ips- 
wich, from the class of associates to that of members ; and 
had admitted Messrs. William Meanor Auld, Eustace 
Crompton, John Maunder Gill, Edward Homer Jeffreys, 
Claud Syms Scott, Edward Martin Smith, Henry Graham 
Tayler, and Samuel Robert Wilkes, B.A., as students of 
the Institution. The monthly ballot resulted in the election 
of twenty-three candidates, viz., Messrs. William Andrews, 
Ex. Eng., P.W.D., India; He Mare Brunel, West- 
minster; and Arthur Wilfman Burnett, Manchester, as 
members ; and Messrs. George William Beynon, Stud. 
Inst. C.E., late Great Western Railway Works, ; 
Henry Ramsay Collins, Durban, South Africa; Joseph 
Henry Cundall, Surbiton Hill ; William Dean, Asst. Loco. 
Supt., G.W.R., Swindon ; Samuel Forbes Downing, B.A., 
Professor of Civil Engineering in the Presidency College, 
Calcutta ; Joseph Hepworth, Engineer and Meneger of 
the Gas and Water Works, Carlisle ; Arthur Hill Holme, 
Pontefract ; Charles William Jones, Gas Works, Milan ; 
Charles Hastings Mackie, Stud. Inst. C.E., London, 
Chatham, and Dover Railway ; Peter Arthur Mackintosh, 
Landore ; Thomas Henry Martin, Engineer and Manager 
of the Gas and Water Company, Barnet; William Mac- 
donald Matthews, Stud. Inst. C.E., Westminster ; Samuel 
Moyle, Stud. Inst. C.E., Westminster ; Arthur Graeme 
Ogilvie, B.A., Fitzroy-square ; Henry Clements Perram, 
Stud. Inst. C.E., late of the Engineering Staff, Great 
Northern Railway ; Edward Ellison Prichard, East Lon- 
don and Queenstown Railway, South Africa; Ri 
Marshall Rothwell, Alexandria Harbour Works ; James 
Miln Small, Stud. Inst. C.E., Dundee ; Graham 
Smith, Stud. Inst. C.E., Dockyard, Liverpool ; and Fre- 
derick Valentine, Stud. Inst. C.E., Westminster, as ass0- 
ciates. There are now on the books 897 members, 1665 
associates, 15 honorary members, and 440 students ; 
together, 3017 of all grades; an increase of 208 since the 








same date last year, or at the rate of 7 per cent, nearly. 
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THE PATENT BILL. 

Tuis Bill continues to attract much attention, and 
the action taken by various important bodies who 
have carefully considered it goes to show how 
thoroughly the modifications we have advocated 
meet the views of those having interests at stake. 
There have been meetings in London, Manchester, 
Leeds, and elsewhere, and a petition calling for 
special attention has emanated from the Glasgow 
Philosophical Society. Elsewhere we give some 
resolutions that have been adopted at a meeting of 
London patent agents cage over by Mr. Tongue. 
We also reprint the able paper by Mr. Trueman 
Wood, whereby the discussion on the Bill was 
opened at a very large and influential meeting of the 
Society of Arts on Tuesday evening under the 
proveensg., of Major Beaumont, M.P. At this meet- 
ing, which was adjourned to this (Friday) evening, 
two resolutions were adopted. One was to the effect 
that the additional Commissioners proposed to be 
appointed should be paid, the mee being of 
opinion that unsalaried officials cannot expected 
properly to perform the important duties required of 
them, We have already urged thei ce of this 
point, The other resolution was, “ 

of an examiner, even with a right of ap I, 
ought to preclude an applicantfromo! ing apatent, 


at his own cost and risk. And further, that reports 
containing opinions of Patent Office authorities 
ought not to be made public, but that opportunity 
should be given to the applicant of amending his 
specification, by inserting reference to matters 

iscovered by the authorities, with a definite state- 
ment of what he nevertheless claims,” 

Seeing that the examination clauses constitute by 
far the most vital elements of the Bill, it is not 
surprising there was much discussion on this re- 
solution, or that it met with some opposition at the 
hands of legal gentlemen. But, in reality, not one 
valid objection was urged. One speaker, it is true, 
went so tar as to intimate in effect that the Bill as 
it stood was an excellent Bill, and if it were opposed 
something much worse might be looked for. But 
happily the meeting did not take fright, and was 
not coerced into accepting clauses it knew to 
be bad, A common mistake is to suppose that 
under the practice we desire to see, and which the 
resolution in question favours, the work of the ex- 
aminers would be rendered nugatory. We have 
over and over again heard the remark, “ But if 
you have examiners you surely must allow a patent 
to be refused if the invention is old—otherwise, 
what is the use of having examiners at all?” 

The matter is of such serious moment—since ex- 
amination is admitted to strike at the root of the 
patent system—that we feel called upon to endea- 
vour by further explanation to make our meanin 

rfectly clear to those who still misapprehend. 
Under the existing laws and rules—whatever their 
theory may be—the practice is, to grant a patent 
for anything. There have been some few cases of 
selene! as where fraud has been proved by an = 
ponent, or the invention has been contrary to public 
morals, or the provisional spetification has not in 
the law officer’s opinion disclosed an invention. All 
such cases, however, are extremely rare, and in- 
variably theapplicant is given the benefit of any doubt. 
Investigation as to novelty, in unopposed cases, 
there isnone whatever. Thusit happens that unless 
the applicant goes to the expense of making a search, 
he has to settle his claims in the dark, He has not 
any clear idea as to the extent to which his invention 
is new. This makes him chary of setting up any- 
thing like a definite claim, Thus it happens that in 
the specifications of patents for machines, even 
when settled by experienced counsel, a not un- 
common form of claim is something of this sort: 
‘‘T claim the combination of parts constituting the 
improved machine constructed, arranged, and operat- 
ing as described and shown.in the drawings.” This 
may be definite in one sense, but if we are to adopt 
the practice of United States examiners as a pre- 
cedent, it clearly is not what would be regarded as 
definite should the new Bill come into operation. 

Now, in the report of the discussion on Mr. 
Bramwell’s paper at the Society of Arts on the 16th 
December, 1874, we are told that Mr. Theodore 
Aston, Q.C., said, ‘‘he would recommend that 
patentees should remember that the reason, when 
they go into a court of law, they were unable to 
support their rights was, that their title-deeds were 
bad. If a patentee would take the trouble to insure 
that the invention he has made was properly de- 
scribed in his specification, which he would call his 
title-deed, and then would take that into a court of 
law, he believed that in nine cases out of ten he 
would find no difficulty in enforcing his rights. But 
unless he does that, and takes care that he does not 
put in his specification claims which he could not sup- 

ort, in order to cover wide ground, he will destroy 
fis patent, and when his counsel takes his case into 
court he finds he cannot support it.” 

Every one experienced in patent matters will 
readily admit the justice of these remarks. But 
surely it cannot be needful to comply with the re- 
quirement indicated, that any, much less three 
separate reports of Patent Office authorities should 
be made public, and the applicant compelled to appeal 
to the Lord Chancellor or abandon his application 
whenever the paerin mA question are 0: sacren 

haps wrongly) that his invention is open 
sar on the Baas of want of novelty. Under 
nt practice B may actually go to the Patent 
ce, take a verbatim copy of A’s specification 
filed years ago, and a line-for-line copy of his draw- 
ings, and may in his own name obtain a patent for 
that identical thing, with the claims exactly the 
same, entirely ignoring the existence of A’s prior 
ification, It would manifestly be a dishonest 
ing to do, nevertheless there is nothing whatever 





to prevent it. This we say may very justly be 
urged as a serious objection to the present state of 





affairs. But that is no reason why we should now , 


go to the other extreme, It does not justify a 
course of procedure under which B, having indepen- 
dently invented something, the authorities should be 
able to say, ‘‘ We consider this is substantially the 
same as A’s, and although you contend it is different, 
we consider your contention is not well founded, 
therefore we refuse you a patent.” Nor, if the 
tent is to be ilawed, should the adverse reports 
made public? It would be radically wrong to 
attempt any such dogmatic peabetespent of questions 
of the kind, And, as we have before pointed out, 
there is little or nothing to choose between refusin 
a patent, and granting it subject to publication o: 
an adverse report. Such a patent, save in the hands 
of wealthy and fearless proprietors, would be ab- 
merry, | worthless. To one of limited means it 
would be the veriest white elephant, At the Society 
of Arts two years ago Mr. Bramwell said, “ I should 
be inclined to pause before we committed ourselves 
to an examination even for novelty . . . An exami- 
nation for novelty may be made the means of dis- 
couraging most ingenious and valuable inventions.” 
Mr. Wood's paper, which we commend to the at- 
tentive consideration of our readers, most conclu- 
sively points to the danger of any plan which should 
thrust official opinions upon the public, On Tuesday 
one of the strongest opponents of the second re- 
solution urged that one great advantage of the Bill 
would be to protect inventors from the consequences 
of employing incompetent patent agents. e are 
not disposed to dissent, for it is notorious that many 
incompetent persons practise as patent agents, whilst, 
no doubt, as an eminent practitioner, ‘*A, V. N.” re- 
marks, in his excellent little work, ‘‘ Patent Law and 
Practice,” the most experienced practitioners fall far 
short—as they will readily admit—of the require- 
ments of their profession. On the other hand, it 
must not be forgotten that most of our patent 
agents have had many years experience, whereas 
the examiners have yet to be educated, and would 
be new to their work, so that for a considerable time 
at least the chances of incompetency on the part of 
the examiner would be far greater than those of 
incompetency of the agent, who more often than 
not would have to counteract the blunders of the 
Pateyt Office officials, which it is to be hoped may 
be accomplished without going to law. And whilst 
admitting the good the Bill, as it stands, would do 
in the direction indicated, we must point out, 
emphatically, that if altered in the manner we hope 
it may be, all the same advantages to the inventor 
will still be provided, but without the outweighing 
objections. For though we would not let the 
Patent Office authorities make public their opinions, 
we would most certainly have them laid before the 
orgtomt, and in the case we have assumed of A 
and B, the authorities would have the power to 
positively refuse B a patent if his specification was 
not properly framed and clear, and also if he re- 
fused or neglected to insert a ite reference to 
A’s prior specification, thus laying the actual 
facts clearly before every reader of his own, 

And what more should we get under the pro- 
visions of the Bill as it now stands, except publica- 
tion of reports ew opinions, be they correct 
or not, and the refusal of patents, with good reason 
or without? If it turned out that B’s specification 
and drawings exactly with A’s, what could he 
claim, or what could he gain by going on, in face of 
the condition that he must mention A’s specification ? 
Obviously, he would abandon his application, for 
be he the veriest knave it could not avail him as a 
means of deceiving any one, Be it understood, 
therefore, that we are not in any way seeking to 
favour the repatenting of old inventions, We 
desire only to effectually a against the serious 
mistakes that must inevitably result from casting upon 
the examining authorities the onus of sending forth 
to the public opinions as to whether there is or not 
invention enough (in point of novelty) to a 
patent. Once admit the principle that they do 
so, and the point at which they ought to stop cannot 
be indica As to the appeal provided to the Lord 
Chancellor, all we can say is, that it might for a 
time be profitable to lawyers, patent ts, and 
other probenslonal persons. For this one thing is self- 
evident, that, bad as the present law may be, there 
would be far more litigation under the proposed new 
one, because it would often be needful, in trying to 
obtain a patent, to appeal at great cost to the 
Lord Chancellor against the erroneous conclusions 
of subordinates, If Mr. Aston was anywhere 
near correct—as we believe he was—w he 
said that in nine cases out of ten a patentee 
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would find no difficulty in enforcing his rights 
in a court of Jaw if the invention was properly de- 
scribed in his specification, then we say the system 
contemplated in the Society of Arts’ resolution would 
meet every requirement, and the argument in favour 
of the extreme course forthshadowed in the Bill 
utterly fails. Under the amended system there 
would be even less litigation than there is now. 
The petition of the Glasgow Philosophical Society, 
signed by Sir William Thomson, the President, goes 
very fully into the matter. It says “Your memo- 
rialists crave leave to express very strongly their ob- 
jections to the difficulties proposed to be thrown in 
the way of obtaining Letters Patent for invention 
by the sections of the Bill, seven to eighteen both 
inclusive. Under these sections a patentee may be 
required to fight his way to protection before, (1) 
the examiner of the provisional specification, (2) the 
examiner of the complete specification, (3) before 
the law officer, and that either upon objections raised 
by the law officer himself, or by any person whom 
the law officer may think entitled to be heard—the 
report of the examiner on the complete specification, 
and all the antecedent reports with the specifications 
and whole documents, having by this time been 
published, by way of inviting, and it may be sug- 
gesting, objections, and (4) before the Lord 
Chancellor, when any person may again oppose the 
sealing, having now the law officer's objections 
superadded to the others, The expense of appearing 
by counsel or agents in four such contests would be 
ruinous to the great majority of inventors, and 
would go far to render patents the luxury of great 
capitalists, while they would cease to be objects of 
encouragement to poor inventors, and the industries 
of the country would inevitably and seriously suffer 
therefrom. Nor does all this ordeal, though suc- 
cessfully passed, confer security on the Letters 
Patent obtained or immunity from further objection ; 
they would still be as open to litigation as at present, 








REPORT OF THE ROYAL COMMISSION 
ON RAILWAY ACCIDENTS. 

HAVING in a previous article (see ante pp. 131, 149) 
dealt with the report of the Royal Commission on 
railway accidents, so far as Class I is conceraed, 
we come to Class II., accidents to passengers from 
collateral causes. And under this head the re- 
commendations of the Commission extend to the 
provision of continuous footboards of a sufficient 
width to all passenger carriages; to a ready means 
of announcing the names of stations; uniformity 
in the height of platforms; and to the provision of 
footbridges or subways at all foot crossings. 

Mass IIT, deals with accidents to persons other than 
passengers and railway servants. ft is thought that 
trespassers upon the permanent way ought to be made 
liable to a penalty without the condition at pre- 
sent required of a warning to depart from it; 
that public crossings for foot-passengers ought not 
to be left unguarded where the traffic is great and 
trains run at high speed, and it is recommended that 
the Board of Trade be invested with discretionary 
powers to require lodges to be maintained to guard 
— which cross public carriage roads upon the 
evel, leaving the company a right of appeal, as well 
as the option of substituting a bridge or subway 
for the level crossing. 

Class IV. considers the question of accidents to 
railway servants. A petition presented by the 
SS Society of Railway Servants “largely 
signed by railway servants of all classes” sets forth 
its opinion of the cause of many accidents as due 
(1) To excessive hours of labour. (2) The non- 
enforcement of certain of the companies’ rules, os- 
tensibly made for the protection of railway servants. 
(3) The non-adoption of the most approved ap- 
pliances conducive to safety in the eulliee of rail. 
ways. (4) The want of proper accommodation in 
working the traffic. (5) The employment of ineffi- 
cient persons for the performance of responsible 
duties. (6) The insufficient number of men em- 
ployed. The law of master and servant in relation 
to railway labour is very fully considered in the 
report with the result that it is desirable ‘ that in 
any action against a railway company for compen- 
sation for the death or injury of a servant through 
the defendants’ negligence, the officials whom the 
company entrusts* with executive authority shall 
no longer be deemed to be merely the fellow-ser- 
vants of their subordinates; or, in other words, 
that where a railway servant can establish against 
any official of the company, empowered to direct 
the act or control the matter complained of, such 





proof of negligence as would make him liable if he 
were himself the master, his negligence shall be 
deemed to be negligence on the part of the company. 
We do not intend, moreover, that this should apply 
only where the injured servant is the subordinate of 
the official in default, and in the same department of 
work, but that the company should in every case be 
liable to its servants for the negligence ‘of those to 
whom it delegates the authority as master.” It is 
believed these measures would have an important 
bearing upon the safety of the public as well as 
upon that of railway servants; and it is remarked 
that the neglect of regulations and want of disci- 
pline which occasionally come to light when an 
accident of public interest occurs, are generally but 
part of a system which prevails among the staff, 
affecting their whole condition and ——_— in 
the company’s stations and yards, ‘The matter is 
considered of great importance in its relation to the 
inquiry entrusted to the Commission, which is of 
opinion “that a company which shows itself indif- 
ferent to it ought to receive no consideration” ; nor 
is it thought the proposal would lead to excessive 
litigation. 

Under Miscellaneous come recommendations with 
regard to ‘fly-shunting”; the provision of safe 
spaces for men working on the line; and the adop- 
tion of a uniform code of signals. | 

Part IV. is devoted to a consideration of the 
powers of the Board of Trade. It is not considered 
desirable that a new executive authority should be 
constituted to administer the Acts now in force, or 
the additional provisions which the Commission 
recommends. ‘The Board of Trade possesses an 
efficient and experienced staff for this purpose, and 
we regard it as of great importance, that whatever 

ower of control Parliament may think fit to esta- 

lish, should be confided to a Government de- 
partment possessing undoubted weightand authority, 
and socslied over by a responsible minister who can 
explain and defend its proceedings in Parliament.” 
It is however proposed that the practice established 
by the Board of Trade“of granting a conditional 
sanction for the opening of railways in certain cases 
—as, for instance, single lines—shall be legalised. 
The Commissioners express much satisfaction in 
hearing that negotiations are pending between the 
Board of Trade, and the Railway Companies’ Asso- 
ciation, with a view to organising a system of con- 
ferences between the Government officers and the 
representatives of the companies for the discussion 
of questions of doubt or difficulty, which may arise 
in connexion with the requirements of the inspectors 
in the opening of new lines or branch railways. 

With reference to the question of compensation to 
be obtained by travellers for injuries or loss of life 
sustained by them when under the company’s regula- 
tions or upon its property, it is thought that if a 
change be demanded in order to lessen the amount 
“of what is indirectly a oye upon negligence,” 
such a result would not be desirable in itself. If, 
on the other hand, it be sought in order to protect 
the companies against vexatious actions and awards 
of excessive damages, “we do not think this the 
right means by which that end should be attained. 
If, as maintained by the Committee of 1870, the 
tribunals by which the law is administered be un- 
satisfactory, we think the question thus raised ought 
to be dealt with on a wider basis, and in a different 
way than by merely ousting their jurisdiction over 
railway cases.” ‘The sums paid as compensation for 
personal injuries amounted in 1875 to 381,038/., a 
smaller percentage on receipts than that specified for 
1865; an amount but a little over 1 per cent, 
on the total cost of the working expenditure for 
last year, namely, 33,220,728/. 


The Commission, desirous of learning what was | al 


being, and had been done on Continental railways, 
and to discover whether some useful lessons might 
not be learned from those railway systems, en- 
trusted to Mr. William Lawford, M.I.C.E., this in- 
wes Mr. Lawford accordingly made a tour through 

elgium, France, Germany, and Switzerland, and 
upon the various points to which he had 
directed his attention. From the report the Com- 
missioners conclude that England maintained 
the lead as regards the construction and - 
ment of railways. ‘* With respect to the construction 
of the permanent way and rolling stock, and 
matters such as signal appliances and brake-power, 
we do not seem to have anything to learn from 
foreign railways. The block system has not been ex- 
tensively introduced, and even in Belgium, where 
the railways are under State control, the condition 
of railway servants and their hours of work seem to 


reported 


be much the same as here.” As the result of his 
observations Mr. Lawford himself declares his in- 
ability to make any recommendations of a change of 
system on English railways, and considers the Eng- 
lish system in every respect superior to those 
examined by him on the Continent, He asserts 
that no means for the prevention of accidents are 
adopted abroad which are neglected at home, and 
he accounts for the greater safety attained on some 
foreign railways simply by the fact that the traffic 
is slower and less extensive. It would appear that 
the number of railway travellers is not there re- 
corded as is the case with us, so that there is, as 
regards numbers, or a pager ye of the number of 
accidents on the number of travellers, no means of 
drawing a comparison. 

Part V. is a recapitulation of what has already 
been considered, and finishes by a concluding sum- 
mary, in which the measures recommended are 
succinctly specified, and which, although given in 
our former article, we again subjoin for the con- 
venience of our readers. 

It is proposed, then, that discretionary powers 
shall be conferred upon the Board of Trade for the 
following purposes, to be exercised by that ‘“ de- 
partment, subject to a competent appellate tri- 
bunal,” 

1. To enforce the extension of stations and 
sidings wherever the accommodation for the traffic 
is so inadequate as to endanger safety. 

2. To enforce the adoption of the block and inter- 
locking systems on all portions of lines where 
the introduction of the improvement is necessary 
for the safety of the traffic. 

3. To restrict the speed of trains upon any line 
or section of a line which is in a condition to render 
a high rate of speed unsafe, 

4. To require companies to provide their pas- 
sengers’ carriages with continuous footboards. 

5. To impose conditions upon companies in cer- 
tain cases in sanctioning the opening of new lines. 

6. To require companies to provide footbridges 
or subways at stations where the absence of such 
accommodation is proved to be a source of danger. 

7. To require a lodge to be maintained at public 
crossings for foot-passengers wherever circumstances 
render it necessary for safety. 

And it is further recommended “ that railway 
companies shall be required by law, under adequate 
penalties, to supply all trains with sufficient brake 
power to stop them within 500 yards under all cir- 
cumstances.” 

That additional facilities shall be afforded to the 
ublic for obtaining compensation when trains are 
ate. 

That the 3] and 32 Vict. c. 119, s. 22, relating to 
intercommunication in trains, be amended “in the 
manner we have indicated.” 

And, finally, that there shall be an extension of 
the civil liability of railway companies for accidents 
to their servants, and of the criminal liability of 
onan in railway employment for acts of neg- 

igence endangering life. 

These then are the salient points of the report, 
and it cannot be denied that on the whole the 
recommendations of the Commissioners are well 
grounded, and that their conclusions have been well 
conceived. To human fallacy is due, the major 
part, by far, of that injury to, and loss of life, which 
characterises our railway system almost as much as 
does its superiority in construction, maintenance, 
and general management, over those of other 
countries, But this may be reduced by judicious 
treatment to a very large extent by the extension 
of those checks upon human _ thoughtlessness, 
negligence, or overwrought power, which are 
y in use upon all busy portions of railway 
lines. The report very justly, in more than one 
instance, launches out its praise of the manner in 
which the high duties devolving upon railway com- 
panies are, as a rule, di ; and there can be 
no question but if all were actuated by principles 
akin to those which govern some of our foremost 
— the measures which are now propose’ 
would never have been called to the surface. It is 
the exceptions which tell Coa the whole, and 
show how far, uncontrolled by law, it is ble 
for an indifferent management, and a 8 ovenly, 
unqualified, disorganised staff to go. 

t is probable that the ap the recommen- 
dations of the Commission will be viewed with no 
degree of distaste by our foremost com and 
that on the whole it will be consi to—as it 
in fact will—strengthen the hands of the executive, 





and raise the discipline and tone of the ser- 
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vice. To improve the accommodation for traffic ; 
to apply more fully the advantages of the block and 
interlocking systems; to enforce a judicious super- 
vision over permanent ways and to limit the running 
of trains according to its capabilities; to enforce a 
uniform system of footboards; to require that all 
trains shall be provided with an efficient brake 
power, and areliable means of intercommunication, 
cannot but prove oy ye to every management 
which recognises the fact that it has a duty to per- 
form to the public as well as to the shareholder. 
The question of an extension of the civil liability of 
the companies for accidents to their employés, is 
one which will require some further consideration, 
for it is difficult to see where the line can be drawn 
which shall say,—up to this point the master is in 
fault, and here the servant, by his own neglect, 
courted the injury he has encountered. No such 
line can be drawn, for each case will carry with it 
its own peculiar surroundings, and the pleadings in 
one, and the circumstances of another, will in no 
way help a definition of the third. And yet itis 
evident that the course recommended is one which 
would have a vast moral influence; and would, no 
doubt, as is argued in the report, be productive of a 
far higher state of discipline than is frequently found 
to exist at present. 

The question of an appellate tribunal is also one 
which will want much consideration. It is clear 
that railway companies should possess such a right, 
and that to no department of a Government service 
should be entrusted, such an unlimited power over 
either public or private property, as would be 
the case were the other recommendations of the 
Commission agreed to, without that applying to this, 
having effect. But, even whilst recognising the 
need of some such institution, we fear it would be 
found cumbersome in practice and productive of 
delay. This is, however, a question which must be 
settled in framing the Bill which will have to give 
effect to such of the Commissioners’ recommenda- 
tions as are approved, and may be well laid ‘aside 
for further thought. We think it would have been 
better if some other course had been taken with re- 
gard to the subject dealt with under the third (3.) 
recommendation. The condition of a line must be 
very bad, and a long way past being safe before the 
unskilled traveller can become aware of it from 
merely riding over it, and yet the powers of the 
Board of Trade are only to be called into action on 
the receipt of a complaint to this effect. We ques- 
tion if this very important point will ever be satis- 
factorily met otherwise than by a periodical inspec- 
tion—a course which we have previously advocated, 
and one which we should even now advise. 

The report does not, as we remarked in our former 
article upon it, come before us as the unanimous 
opinion of the entire Commission. Accompanying 
it is a voluminous exposition of the views of Mr. 
Galt, and two other short reports from Mr. Harrison 
and Lord dela Warr. Upon these documents we 
shall probably have something to say in our next 
impression. 


SIR WILLIAM THOMSON’S NEW 
COMPASS. 

THE improvements aimed at in this new compass 
are, as set forth by the inventor, to obtain greater 
steadiness of the compass at sea, in all weathers and 
every class of ships, than has been the case hither- 
to; to reduce the error and uncertainty caused by 
friction of the needle on its pivot; and to diminish 
the expenses and as far as possible do away with 
the delay at present sequined for compass adjust- 
ment in iron ships. 

In effecting the first desideratum, namely, that 
of greater steadiness and less sluggishness of motion 
of the needle, we learn from Sir William that partly 
by lengthened trials at sea in his own yacht, and 
partly by dynamical theory, he was led to see that 
It was to be got, not by heaviness of the needle and 
card or of added weights, but by means of the length 
of the vibrational period, or time taken by the 
card to perform a complete vibration to and fro, 
This is the essential requirement, however it be ob- 
tained. A heavy needle and card, or added weights, 
are sometimes found to improve the steadiness of a 
compass, but this is due not to the additional weight 
causing increased friction on the bearing point, but 
by causing increase of the vibrational period. Dul- 
ness of the bearing ap. or too much weight upon 
it, he found to render a compass less steady at sea, 








and also less prompt to han 
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from friction, 
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therefore be the circumference of the card, since in 
this position it would have its maximum effect in 
increasing the inertia of the card, and its minimum 
of blunting effect on the bearing. Sir William 
Thomson found, however, that it was unnecessary 
to add weight at all beyond what was needful for 
supporting the card, and that “ the length of period 
required for steadiness at sea is to be obtained 
without sacrificing freedom from frictional error by 
giving a larger diameter to the compass card, and 
by throwing to its outer edges as nearly as possible 
the whole mass of rigid material which it must have 
to support it.” 

In the new compass these advantages are secured 
by the novel construction of the card, It consists 
of a central aluminum boss and a thin outer rim of 
aluminum laced together by fine silk cords. The 
central boss is a thin disc with a hole in its centre 
which slips over and rests on the projecting lip of a 
small inverted aluminum cap. ‘The ca as a 
sapphire bottom, which rests on a fixed iridium 
point—the pivot of the card. The weight of the 
boss and cap for a 24 in., or a 10 in., compass is 
about five grains. The rim is mounted with thin 
paper on which is graduated the degrees and points 
of the compass. The card carries the needles instead 
of being carried by them as in the old forms. They 
are small steel magnets of the thickness of piano- 
forte wire, and from 2in. to 5in. long. They are 
suspended from the rim by means of silk cords 
parallel to each other. The whole weight of card 
and needles for a 10-in. compass, all that rests on 
the bearing point, is not more than 180 grains, 
which is about one-twentieth of the weight of an 
ordinary 10-in. compass card. By this arrange- 
ment the frictional error is made very slight indeed, 
and as the principal part of the weight is on the rim 
a very long period of free oscillation is the result. 
‘‘The period of the new 10-in. compass is, in this 
part of the world, about 40 seconds, which is more 
than double the period of the A card of the Ad- 
miralty standard compass, and is considerably 
longer than that of the ordinary 10-in. compass so 
much in use in merchant steamers. The new com- 
pass ought, therefore, according to theory, to be 
considerably steadier in a heavy sea than either the 
Admiralty compass or the ordinary 10 in. compass, 
and actual experience at sea has thoroughly fulfilled 
this promise. It has also proved very satisfactory 
in respect to frictional error, so much so that varia- 
tions of a steamer’s course of half a degree are shown 
instantly and surely, even if the engine be stopped, 
and the water perfectly smooth.” 

The next important improvement is in the means 
of correcting the compass error in iron ships. More 
than forty-five years ago, in the trial trip of the little 
Lord Dundas, the first iron steamboat ever built, 
the crew on board (as we learn from Sir William 
Fairbairn’s interesting biography) found to their 
danger that the ship’s compass was wrong. Fair- 
bairn at once — the true cause, and likewise 
conceived the plan of counteracting the error by 

lacing iron in the neighbourhood of the needle. 

hirty-seven years ago the Astronomer Royal 
showed how the error arising from the ship’s iron, 
the inductive action of the earth’s magnetism, could 
be entirely corrected by the use of soft iron and 
magnets placed near the binnacle, Up to the present 
time, however, no thorough attempt had been made 
to carry the Astronomer Royal’s theory completely 
into practice. The chief stumbling-block to the 
perfect application of the theory has been in the 
large heavy needles hitherto in vogue. These render 
the important correction of the quadrantal error for 
all latitudes practically unattainable. ‘The pair of 
large needles of the compass ordinarily used in 
merchant ships does not, as has been shown by 
Captain Evans and Archibald Smith, admit of the 
correction of the quadrantal error in the usual 
manner, without the introduction of a still more 
pernicious error, depending on the nearness of the 
ends of the needles to the masses of chain or of soft 
iron of whatever kind, applied on the two sides of 
the compass to produce the correction. The Ad- 
miralty standard compass, with its four needles pro- 
portioned and placed according to Archibald Smith’s 
rule, is comparatively free from this fault, but even 
with it, and still more with the stronger magnets of 
the larger compasses of merchant ships, there is 
another serious cause of failure depending on the 
magnetism induced in the iron correctors by the 
compass needles themselves, in consequence of 
which if the quadrantal error is accurately corrected 
in one latitude it will be found over-corrected 
in high latitudes and under-corrected in the 








neighbourhood of the magnetic equator. .. . . The 
new compass was specially designed to avoid 
both these catises of failure in the correction of 
the quadrantal error, and experiment has shown 
that with it, the correction by such moderate masses 
of iron as from 5 in, to 7 in, — is practically 
perfect, not only in the place of adjustment but in 
all latitudes.” 

The small needles of the new compass admit of 
the complete application of the Astronomer Royal's 
principles of correction, so that a compass shall 

oint correctly all round the card in all latitudes, 

he correctors used are two solid or hollow iron 
globes, one on each side of the binnacle. These are 
aaa to the usual chain boxes as being less 

ulky and more regular in effect. These globes are 
so supported as to be adjustable at any time, whether 
at sea or not, so that any error creeping in through 
change in the ship’s iron can be easily corrected, 
When the quadrantal error has been found from 
observations in the ordinary way, it is corrected by 
putting the pair of globes into their proper posi- 
tions, as given by tables provided for the purpose. 
With the small needles of the new compass a quad- 
rantal error of 5 deg. or 6 deg. in a 10 in. compass, 
and 1] deg. or 12 deg. in a 7 in. compass can be per- 
fectly corrected for all latitudes by a pair of iron 
globes each not more than 6in. in diameter; 
whereas an ordinary 10 in. compass would require 
about 2 tons of soft iron for a like correction. 
When once it is accurately done the correction for 
quadrantal error is perfect wherever the ship goes, 
except when the disposition of the ship’s iron is 
materially altered. 

The full correction of the quadrantal error admits 
of the complete application of the rest of the As- 
tronomer Royal's principles, which consist in apply- 
ing magnets mounted at adjustable distances from the 
compass to counteract the semicircular and heeling 
errors to the permanent magnetisation of the ship's 
body. ‘The universal usage in the merchant service 
to correct these errors is to nail magnets to the 
deck, but this, Sir William Thomson says, ‘‘ Is not 
satisfactory and often even dangerous, It always 
renders needlessly tedious and cumbrous the process 
of readjustment by the adjuster in port, and it 
leaves the captain of the ship practically no other 
method of readjustment at sea than removing the 
magnets altogether, or taking them out of their 
cases and replacing them in inverted positions, The 
Astronomer Royal himself pointed out that his cor- 
recting magnets should be mounted in such a 
manner that their distances from the compass can 
be gradually changed, so that as the ship’s magnetic 
force alters, whether by gradual loss of her original 
magnetism through lapse of time, or by the induc- 
tive influence of the earth’s vertical magnetic force 
as it comes to zero and then becomes reversed in 
direction, when a ship makes a voyage from the 
northern to the southern hemisphere.” Inthe new 
compass, therefore, there are provided in the binnacle 
two adjustable magnetic correctors for correcting 
the semicircular error, one for neutralising the 
thwartship component, the other for the fore and aft 
component of the ship’s magnétic force when she is 
on an even keel ; and there is also another adjustable 
magnet placed below the compass to correct the 
heeling error chiefly experienced in iron sailing 
ships. ‘This magnet is vertical when the ship is on 
an even keel and heels over with her when she heels, 

The correctors are all fitted with uated scales 
so that a complete record can be kept of all the 
changes that have been made during a voyage, and 
so that as soon as an error has been determined by 
the usual observations the correctors may at once 
be set to the proper degree of the scale to cor- 
rect it. 

Sir W. Thomson has invented a new instrument 
called an azimuth mirror for use in taking bearin 
of heavenly bodies, lighthouses, beacons, or land- 
marks. It is said to greatly facilitate the taking of 
star azimuths ‘by throwing (as in the camera 
lucida) an image of the star upon the graduated 
circle of the compass card, or, more properly s . 
ing, on a virtual image of this scale at an indefinite 
distance as seen through a convex lens. Itis easy 
at sea, even when there is considerable motion of the 
ship, to read the position of a star accurately to a 
small fraction of the white space on the card be- 
tween two degree divisions on which its image is 
seen.” For taking azimuths the box of a compass 
should be truly level, but in ordinary compasses 
supported on journals, friction often interferes with 
this condition. ‘To obviate this source of error the 
gimbals of the new compass-box are supported upon 
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knife edges ; and the vibrations of the bowl, which 
are aggravated by the frictionlessnéss of the bear- 
ings, are deadened by a pool of castor-oil placed 
under it. ; 
Sir William Thomson has also quite recently 
tented an instrument called a “deflector” for ascer- 
taining compass errors, and enabling a compass to 
be perfectly adjusted on board ship by means of the 
correctors, without sights of the heavenly bodies or 
azimuth compass or compass marks on shore. ‘This 
method is founded on the principle contained in the 
mathematical theory of Archibald Smith (published 
in the ‘“‘ Admiralty Manual”) that if the directive 
force on the compass is equal for all courses of the 
ship there can be no error on any course. The 
ship is made to sail successively on the four cardinal 
courses, and the reading of the deflector measures 
the directive force on the compass. The correctors 
are adjusted by rule so as to render this equal for 
all courses, When this is so, there is no error on 
any course, and the correction is complete for even 
keel, This method, we believe, has been already 
employed in several instances for the adjustment of 
the new compass on iron ships, both steam and sail- 
ing, on the Thames, Clyde, and Mersey. Some- 
times the weather was so bad with fog, snow, 
rain, and gales, that the ordinary method of correc- 
tion would have have been impracticable, but the 
correction was as accurately made as could have 
been done by sight under the most favourable cir- 
cumstances. This is of course a very great advan- 
tage, for all time lost in waiting for suitable weather 
or going to suitable places to make the observations, 
is by means of the deflector avoided. 

The new compass in size and outer appearance 
does not differ from the old ones, Judging from 
the many encomiums which have been, without ex- 
ception, passed upon its merits, it appears to be far 
superior in point of quickness, steadiness, and 
accuracy to those hitherto in use, and these with 
its other novel advantages will in all likelihood 
make it the compass of the future. 








A NEW SYSTEM OF PERSPECTIVE* 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION. 
(Continued from page 108.) 

Planes.—If we should suppose a line to pass along 
another line given in position, one extremity of the 
first line remaining always in contact with the 
second line, the first line also remaining constantly 





* Errata.—On page 105 ante, col. 3, lines 17, 16, and 
15 from bottom, for ‘‘ L! Y will equal an angle, the cosine 
we cos. w : 
of which is expressed by con (L? ZL) and this angle 
we shall designate by 8,’’ read “‘L’ Y will equal an angle 
the cosine of which is expressed by a ~ (l Z 


4 


cos. (L' Z—1 Z) 
being taken to represent (90° — L Z),) and this angle we 
shall designate by §.”’ , 
On page 106, col. 1, line 26, for ‘‘ base,” read “ hypo- 


theneuse ;” and in line 29, same column, for 
dicular,’’ read ‘‘ hypotheneuse.’’ 

On page 106, col. 1, line 19 from bottom et seq., fo 
“L! cos. w. cos. L Z=p,”’ read “ L! cos. w. sin. L Z=p,” 
_ L' cos. w. cos. L 
te . = 

‘ 9 si 9 
cos. L Z,”’ read ‘‘ cos. L’ a=? =" = en 
cos. w. sin. LZ.’’ Also in the same column, line 12 from 
bottom, for “‘ and the remaining side (L'Z—LZ), and by 


perpen- 


» 
and for “cos. L‘ Z=2 = Cos. w. 


Neper’s rules the cosine of this difference — °°: ”-__ 
, cos. (L' Z - L Z) 
LY=L Y¥+cos. —~ 198: ”-_ » as 
therefore L' Y==-L Y-+cos con (LZ—LBy’ read “and 


the remaining side (L’/Z—/Z), and by Neper’s rules the 


cosine of this difference= Tr ti z therefore L' Y= 
L ¥+cos.~! __ 0% #-_.» 

hes cos. (L' Z—1Z) 

On page 108, col. 1, line 20, for ‘‘reverse,’’ read “re- 


serve.” In example 6 on same page, for 
4 4 
“8.04 643 read 8.06 643° 
4.84 257 4.84 -766"" 


and from ‘‘therefore L' Z—63 deg.’’ to the end, read 
“L' Z—l Z—63°—50°=13—%. By a second reference to 
Table B we find that cos. 13°=.974 , __ 08". _ 707 _ 
cos.(L'Z—1lZ) .974 

.725=cos. 48° 30/, 43°30’ is therefore the difference be- 
tween L' Y and L Y; in the present case L Y=0, therefore 























EVANS AND SWAIN’S FIREPROOF CONSTRUCTION. 
(For Description, see opposite Page.) 
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parallel to the direction which it assumed in the first 
position, and if we further suppose that the moving 
line should during its passage leave the trace of its 
transit in space, it will be evident that such trace will 
constitute a rectilinear surface or plane, rectangular | 
or otherwise according to the angle made by the pass- | 
ing line in the first position with the fixed line. 

The fixed line along which the other passes is | 
usually called the directing line, and the moving line | 
the generating line of the plane; therefore in 
order to project a rectangular plane, the ordinates 
of the directing line being given, it will be only 
necessary in the first instance to project from the | 
initial point of the directing line a line equal in 
length to the adjacent side of the rectangle per- 
pendicular to the directing line, to represent the | 
generating line in the first position, and then from 
the terminal extremity of the directing line a line 
parallel to the line last projected, to represent the 
generating line in the second position. If the plane 
to be projected should be triangular it will be un- 
necessary to project the parallel line, as aline connect- 
ing the projections of the remote extremities of the 
directing line and of the generating line in the first 
position will complete the projection of the plane. 
Rectangular Planes.—We may suppose the direct- 
ing line of a rectangular plane to be either vertical, 
horizontal, or oblique, if vertical it will be evident 
that the plane must be also vertical, and the 
generating line horizontal. We have then only to 
project the directing line in a vertical direction ac- 
cording to the rules given for the projection of lines, 
and the generating line in two parallel positions, 
first from the initial point of the directing line, and 
secondly from the terminal point of the same line 
in a horizontal direction by the same rules accord- 
ing as the generating line is perpendicular, parallel, 
or oblique to the perspective plane; but as in the 
perspective representation of solids it will be found 
in practice more simple to take the directing line as 
either horizontal or oblique, we shall pass on to the 
consideration of these cases. If we suppose the 
directing line to be horizontal, and at the same 
time the generating line vertical, we should evidently 
only reproduce the planes eee upon the 
supposition that the directing line was vertical and 


i 
the generating line horizontal; we, therefore, for 
the present omit the consideration of this case for 
the reasons already given. 

If we suppose the directing line to be horizontal, 
and also the generating line, and consequently the 
plane horizontal, we have three cases to consider : 

1. When the directing line is perpendicular to 
the perspective plane. 

2. When it is parallel to the same plane, and 

3. When itjis oblique to the perspective plane. 
But as we produce the same plane, whether we 
consider the directing line perpendicular and the 
generating line parallel to the perspective plane, or | 
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When the directing line is horizontal and oblique 
to the perspective plane. 

The directing line horizontal and parallel to the 
perspective plane: 
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0 A representing the directing line, 0 B the gene- 
rating line in the first position, and AC the same 
line in the second, L the length of the directing 
line forming one side of the rectangular plane, and 
L! the adjacent side or generating line. . 

The directing line horizontal and oblique to the 
perspective plane : 




















vice versd, the two first cases may be taken as one, 
which reduces the cases to be considered in practice 
to two, namely, 1. When the directing line is hori- 
zontal and parallel to the perspective plane; 2. 








multiplied by 2.67=1.84, and .725 multiplied by the same | 
number=1.93; these two products will, therefore, con- | 





L' ¥=49° 30’. Having determined the stitute the differences of the ordinates X and Y, for the | 
angles L’ Z and L’ Y, pe rt pos to proj uy the —— projection of the line L’, which is represented by 
dicular line L' by the rules already given. For example : 6 - 5 
Sin. and cos. L’ Z=sin. and cos. 63°=.891 and .454 4.26 71 3.55 

Sin. and cos. L’ Y=sin. and cos. 43°30'=.688 and .725 2.67 1.84 1.93 1.36 8 
-891 multiplied by 3 the length of the line L'=.267, which i ° 78 ° ° +&«O0O8588F ”~ 696 891 
we reserve as a multiplier, writing it above the horizontal "725 — = = y 
line to the left, .454 multiplied by the same number=1.36,| “‘~” 4.94 63 4 , 


which we place as a difference over the ordinate Z; .688 | 8D 


horizontal, the 
plane being oblique to the horizontal U 
| with reference to the representation of solids, it will 
| be found more simple in practice to produce the 
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In the two last cases making sin. L! Y=cos. L ¥ 
d cos. L! ¥Y=sin, LY. 

We might here suppose the directing line to be 
nerating line and consequently the 
lane, but 


| effect required by a different process, which will be 
| indicated as we proceed 


If the directing line is oblique to the horizontal 


plane we have three cases to consider : 
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1. When it is situated in a vertical plane parallel 
to the perspective plane. ; 
2. When in a vertical plane perpendicular to the 














rspective plane. 
ar When fn a vertical plane oblique to the per- 
spective plane, ; 

(1.) The directing line oblique to the horizontal 
plane situated in a vertical plane parallel to the per- 
spective plane: 
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(2.) The directing line oblique to the horizontal 
plane situated in a vertical plane perpendicular to 
the perspective plane : 
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(3.) The directing line oblique to the horizontal 





plane situated in a vertical plane oblique to the per- 
spective plane : 
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In the three last cases, if the yenerating line is in 
the same vertical plane with the directing line, or in 
other words, if the ay to be projected is vertical, 
we must make sin. L' Z=cos, L Z and cos. L' Z= 
sin, L Zand L' Y=LY ; if the generating line is not 
in the same vertical plane with the directing line, 
the plane to be projected being oblique to the hori- 
zontal plane, we must give L' Z and L' Y the values 
indicated in treating of perpendiculars dependent 
upon the value given to w. 

This last modification of the formule will not be 





— in ordinary perspective, but we have given | pos 
it 


ere as it completes the subject. 
(To be continued.) 


EVANS AND SWAIN’S FIREPROOF 
FLOORING. 

Messrs. Evans AND Swaln, of Southampton-street, 
Strand, have recently brought into notice a system of so- 
called fireproof construction which possesses several 
features worthy of commendation. The system as 
applied by them to the floors of buildings consists simply 
of close timbering, instead of the use of joists and floor- 
ing, in other words, the joists, instead of being spaced at 
some distance apart, are laid elosed together, so that no 
air can penetrate at the joints. These joists are either 
spiked together, or connected by screws, and if thought 
necessary dovetailed piecesare introduced. Asa further pro- 
tection the lower surface of the timbering may be covered 
with plaster, being attached to the joists either by means 
of grooves, as shown, or partially-driven nails, Fig. 4 (see 
previous page). This same system of solid timbering is 
carried out in staircases, and other parts of a building, 
while for columns a series of thin planks are fastened to- 
gether until the requisite section is obtained, sounder 
material being secured by this means, and at the same 
time cheaper than large scantlings. Some of the various 
forms of construction are shown in the illustrations. 
There is little doubt that as arranged the structure ad- 
vocated by Messrs. Evans and Swain would possess a high 
value in resisting fire. Indeed this has been long the ex- 
perience in America, where for so many years solid timber 
construction has been largely employed for grain elevators, 
&c. The station building at Jersey City, which we illus- 
trated last week, is built in this way of thick timber 
spiked or bolted together to reduce the danger of fire. 
The Canton grain elevator also is another illustration 
(see page 485 of ENGINEERING, vol. xxii.) of a similar 
form, with a corresponding object. Messrs. Evans and 
Swain may, therefore, we think, recommend this mode of 
construction with confidence, especially as they combine 
with it an additional element of safety in the heavy 
plastering. It need scarcely be pointed out that all 
timber served in this manner must be thoroughly 
seasoned, to prevent the joints from opening, and the 
continuity of the structure from being destroyed. 











THE PRESERVATION OF IRON. 

A VERY important paper has lately been read before the 
Society of Arts by Mr. Barff, Professor of Chemistry to the 
Royal Academy, upon a method of D agp iron from 
rust by coating it with its own magnetic oxide. The facts 
which Professor Barff has brought forward, and the speci- 
mens which he has exhibited, are such as to justify the 
belief that his discovery will prove to be of enormous 
value, and that it will, indeed, render all kinds of iron- 
work, however much exposed to weather or to corrosive 
vapours or liquids, practically indestructible and ever- 


When an iron surface is exposed to the action of water, 
or of moist air, it speedily becomes covered 4 a film of 
protoxide, or ferrous oxide, which consists of 56 parts by 
ee metal to 16 parts of oxygen. The ferrous 
oxide continues to attract oxygen from the atmosphere, and 
is gradually converted into another compound, sesqui- 
oxide, or ferric oxide, which is composed of twice mf eget 
by weight of iron, and three times 16 parts by weight of 
oxygen. The ferric oxide, in its turn, gives up some of its 
oxygen to the as unoxidised iron beneath it, and the 
ferrous oxide thus formed is gradually converted into ferric 


oxide by the access of air through the 5: layer of su- 
rust which covers it. this wa; first formed 
of rust exposes to the atmosphere the surface which 


lies below it; and hence the rust becomes a carrier of 


oxygen to the deeper parts of the iron, until the latter is 
completely corroded and worn through. Many attempts 
have been made to protect iron surfaces by the application 
of some kind of paint or varnish ; and these —_ have, 
of course, been to some partial extent successful. Such 
coatings, however, have no real adhesion to the metal on 
which they are p , and are liable to scale off or to 
perish in a variety of ways. Eyen when the coating is 
generally sound, the smallest flaw in its continuity will give 
entrance to the enemy ; for the rust from the exposed ae 
will spread laterally under the coating, and may be all the 
more frien and destructive from being partially con- 
cealed from view. 

It is manifest that the evils incidental to rusting are 
entirely due to the unstable character of the two oxides 
already mentioned, which are formed spontaneously under 
— conditions. There is, however, a third 
oxide which possesses characteristics of a — different 
kind, and which is uninfluenced, not only by moist air, but 
even by acids and other corrosive substances. This is the 
— or black oxide, which consists of three times 56 
parts by weight of iron, and four times 16 parts by weight 
of oxygen. Professor Barff has discovered that if any 
iron article is exposed, at a high temperature, to the action 
of superheated steam, it will chee, covered by a film of 
this Hack oxide, of a thickness which is determined by the 
de of temperature and by the length of exposure. The 
oxide is harder than the original iron, and adheres to it 
even more firmly than the particles of iron adhere to each 
other, so that there is a gain not only in chemical, but also 
in mechanical resistance. If the operating chamber is 
heated only to 500 ~y Fahrenheit, and the exposure is con- 
tinued for only five hours, a surface is obtained which will 
resist em per for a considerable time, and which will 
not rust within doors, or after any moderate degree of ex- 

ure to moisture. If the oxidising process is conducted 
at 1200 deg. Fahrenheit, and continued for six or seven 
hours, the surface will resist a rasp, and will bear any 
amount of exposure to weather. The oxidation does not 
affect the appearance of the surface in any other way than 
by turning it black. A rough forging retains its sougeneee, 
and a turned or polished surface retains its smoothness. 
If there should be any flaw in the coating, or if the black 
oxide is designedly removed from part of the surface, the 
common oxidation will occur where the iron is thus left 
unprotected. But such oxidation is strictly limited to the 
b= a ape portion, and has not the smallest tendency 
either to spread laterally under the black oxide or to 
detach this from the subjacent parts. 

Professor Barff has as yet been limited in his tions 
by the want of a heating chamber —— enough to treat 
iron articles of considerable size, but he has a 

t+ number of specimens of small articles, and these 
ve been subjected to tests of every kind. Such things 
as bolts, rivets, screws, door handles, gun barrels, water 
ipes, railing heads, cast-iron saucepans, and other articles 
numerous to mention have been left for six weeks of 
the recent wet weather upon a lawn at Bayswater, and at 
the expiration of that time were taken up absolutely un- 
changed, and without a speck of rust ame og upon —_ 
which were left, either by design or accident, without pro- 
tection. One of the specimens shown to the Society of 
Arts was a long bolt, from half the length of which Professor 
Barff had cut away the coating of black oxide before leay- 
ing the bolt upon the lawn. ‘The scraped portion was 
covered by a considerable thickness of uioxide, but the 
coated part had remained , and it was im 
to raise the film of black oxide at the line of demarcation, 
The film was an integral the iron itself, and the 
one could not be detached from the other. Another - 
men was the head of a pipe for collecting roof water, 
which had been broken by a sledge hammer after it was 
coated, and then thrown into a sink in Professor Barff’s 
laboratory, where not water, but many corrosive 
liquids were constantly peaeg ore it. Rust formed 
at the fractured edges, but the protected surfaces were 
wholly untouched. 

Among the most valuable and important of the probable 
applications of the invention will be the protection of steam 
ey the plates of iron ships; eae tom pone! np 

opes y certain arrangements it wi possible to 
operate upon very large manuf. articles without its 
being necessary to provide a heating chamber lar, 
to contain them. @ applications seem alm 
number. The i conducted at very s A 
and it will probably be employed, at no distant time, for 
iron goods of every description. Not only so, but it will 
extend the applications of iron itself to several purposes 
for which its liability to rust has hitherto rendered it 
unsuitable. Copper vessels will no longer possess any 
advan for cooking, and iron saucepans will no longer 
need to be tinned. Leaden pipes for the conveyance of 
water will in all probability be entirely superseded ; 
and there can be no doubt that new uses for incorrodible 
iron will every day suggest themselves. Messrs. Penn, of 
emetl 2 iea. cotertaas acuen saa ae 

e SC 0: ing the stre of the cles, 
so that they may become able to ‘eek with authori 
upon the fitness of the oxidised iron for bridge girders an 
architectural purposes; and Professor Barff is himself 
fitting up a heating chamber of alarger size than that in 
which his early experiments were conducted, and will 
before long be in a position to furnish evidence of the 
commercial practicability of his process.—Times. 
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BrooxLyn WaTzER SuppLy.—The average daily con- 
sumption of water in Brooklyn is 29,000,000 gallons. 





WANNIECK AND Koppner’s VALVE GEAR.—In de- 
scribing this gear last week we omitted to mention that it 
is being introduced in this country by Mr. C. Holste, of 





21, Great St. Helens, E.C. 
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BOILER EXPLOSIONS 





ANNEXED we give the report of Mr. E. B. Marten 
to the directors of the Midland Boiler Inspection and 
Insurance Company, on boiler explosions during the 
year 1876. Records of only 39 explosions are given, 
showing a very large reduction in the numbers of 
these casualties as compared with the three previous 

ears, At the same time the explosions were more 
atal in their character, 93 persons having been 
killed. ‘The following are the summaries for years 


Number of Number Number 

Explosions. Killed. Injured. 
1873 7 57 85 
1874 76 77 198 
1875 68 81 142 
1876 39 93 110 


Thirty-seven out of the total number of explo- 
sions were due to one or other of the following 
causes : 


Faults in construction eee ase ve 
»» _ that could have been detected by in- 
spection ee al oa nd eee 16 
From carelessness of attendants. 14 
There thus remained two explosions the causes 
of which could not be ascertained. Mr. Marten’s 
report is as follows: 


During the year 1876, records were obtained of 39 
boiler explosions, causing the death of 93, and the injury 
110 persons. 





IN 





Of the 203 persons killed or injured, 4 were owners, 
masters, or managers ; 79 were enginemen or attendants ; 
99 persons employed on the works ; and 21 strangers. Of 
these 23 were women. 


The Explosions om ~~ Works used for the following 


rposes : 

No. Kd. In 

Mills of various kinds 10 138 9 
Iron works a — 6 8 23 
Collieries eee ae | 
Chemical works ot 
Marine ... eve ose 4 49 36 
Railways See ove 2 5 10 
Brick works... ose 2 5 10 
Joinery ... eee oe 1 0 0 
Dyeing ... eee De ie 
Salt making 1 : : 

marrying eee 1 

Implement making ... i ee 
Farming... ne . ie 
On boat ... ce we 
Total ... 39 93 110 


The causes of explosion are arranged under the follow- 
ing heads as in former years : 
A. Faults of Construction which may be Prevented by 
Inspection before Starting or after Repair. 
No. Kd. In. No. Kd. In, 
Bad repair... s @ ® 
Want of stays... 4 3 0 
Seam rip ees 1 5 0 
= = 








1876. 


o* 


Swe ccoe Doo 








Fie. 12. Fie. 13. 


" B. Faults only to be Detected by Inspection. 
No. Kd. In. No. Kd. In. 





External corrosion 10 10 26 
Internal corrosion 6 13 16 
— 16 23 42 
C. Faults which could be Prevented by Attendants. 
Shortness of water... 6 5 18 
Over pressure ... nee 5 50 42 
Mud or scale ... a. 2£.@ 


Raising steam too rapidly os 
—— 14 57 61 
Not ascertained 22 0 


Total 39 93 110 


_ The exploded boilers were of the following descrip- 
tions : 
The causes are stated as in the summary, the genera 
heads being indicated by the letters A B C. 


Cornish or Lancashire. 
No.Kd. In. No.Kd. In. No.Kd. In 
A Seam rip _ 1 5 0 


B a corrosion 4 
Internal corrosion 2 


(Short of water 

| Over-pressure 
C < Mud or scale ae 
-. steam too 
rapidly ... * 


= Oe 
— Me | Rat 


17 





Plain Cylinder. 
Bad repair... wa 
External corrosion 
Short of water 
Not ascertained ... 


Que 


Corrosion... 
Over-pressure... 
Not ascertained ... 


aQw 


Locomotive or Tubular. 
Want of stays d 

Corrosion ... 
Short of water 


ane 


18 
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Fig. 23. 
Tubulous. No. Kd. In 
C Scaleofmud ... . i.= 
Furnace Upright. 
C Over-pressure... :.¢ 3 
Balloon. 
C Over-pressure a, 8 3 
Wagon. 
B_ Corrosion 3 0 32 
Total ° 39 93 110 


_As the annual report, to which these records of explo- 
sions form the appendix, is not issued until August after 
the accounts are made up for the year — une 30th, 
a few remarks may now be made as to the boiler explo- 
sions in the year 1876. None of the exploded boilers 
were under the care of the company, although some had 
been so at one time. 

The number of explosions during 1876 was below the 
average, but the number of killed and injured was more 
than usual, owing to the very fatal explosion on board 
Her Majesty’s steamship Thunderer (Fig. 14), and it may 
be said that the interest in the subject of boiler explo- 
sions for the year centred in the subsequent inquiry. 
Notwithstanding that the boiler was designed and fitted 
with the greatest care, and under that Government 
control thought -| so many to be the only thing wanted 
for the security of boilers, this explosion arose from such 
simple mistake and oversight as would have been deemed 
altogether impossible, it not really h ed. It is 
well to know that such a mishap is less likely to happen, 
or to prove so fatal, when the vessel and its machinery 
are in charge of its ordinary officers, and in practical use 
as a ship of war. 
aia a . Oe ¢ o~ ry 4 tone gps ponents 

ig. 5), and in others (such as Figs. 7, 10, 
and 20) those responsible were cautioned ; and various 
tre mmendations ve been given as to the alteration of 
a law, to induce more caution, but no further 
i ve been taken in Parliament, from the difficulty of 
thulating without relieving the owners and users of 

ers from their fair share of responsibility in taking 
onze that their boilers are good and properly cared for. 

1@ experience of the year still co: the value of 

‘odical inspection as the best means of preventing 


iler explosions, and the com; are to con- 
tinue their system of careful Inspection by ming i has 
kept them free from explosions yn Ny By ? 





| thick, 160 Ib. 














Fig. 24. 


No. 1. (See Fig. 1.) January 22nd, 1 killed, 1 injured. 
—Lancashire, one of two, 34 ft. long, 6 ft. 9 in. diameter. 
Tubes 2 ft. 6 in. diameter, y, in. plates, 35 Ib. pressure. 
The front part of shell was torn off, safe | given way 
where much weakened by external corrosion and injudicious 


atching. 
. No. DM (See Fig. 2.) February 9th, 2 killed, 2 injured. 
—Marine, verte 8 ft. high, 4 ft. 6 in. diameter, 60 Ib. 
pressure. Said to have been about 7 or 8 years old. So 
much weakened by corrosion that it could not withstand 
the ordi working pressure. 

No. 3. February 22nd, none injured.—Wagon, 30 ft. 
long, 9 ft. high, 7 ft. wide, ? in. plates, 8 Ib. pressure. Old 
and worn out. The plates along the brickwork seating on 
the left side were corroded through y a leakage. 

No. 4. February 29th, 2 injured.—Cornish 50 lb. pressure. 
The blow-off valve not being shut, allowed the water to get 
so low that the top of the tube became overheated and 
collapsed downwards. ; 

No.5. March 7th, none injwred.—Tubulous boiler, con- 
sisting of 15 tubes 10 ft. 6 in. long, 9} in. diameter, } in. 
sure. An accumulation of mud had 
formed in one of the tubes over the fire, and caused it to be 
overheated. : 

No.6. (See Fig. 3.) March 8th, 4 killed, 7 injured.— 
Three-furnace upright, 20 ft. 6 in. high, 8 ft. 3 in. diameter. 
Centre tube 4 ft. diameter, cross tubes 3 ft. 2in. diameter, 
% in. plates, 28 1b. pressure. The central tube was somewhat 
weakened by corrosion, and collapsed, and the reaction of 
the issuing contents sent the boiler upwards, and scattered 
the lower parts of the shell. The immediate cause of the 
explosion was increased pressure from the closing of a das! 
plate with only one attachment,'preventing the proper exit 
through the steam pipe and safety valve. 

No. 7. March Pith, 1 killed, 1 injured.—Lancashire, 
26 ft. long, 6 ft. 6 in. diameter, # in. plates, 60 Ib. pressure. 
The shell was torn into several pieces. Rupture com- 
menced at the fifth ring seam where there was serious 
corrosion from leaking, but the immediate cause of the ex- 
plosion was said to have been the strain of uneven ex- 
pansion in raising steam too ee 

No.8. (See Fig.4.) March 28th, 4 killed, 9 injwred.— 
Locomotive, 10 ft. long, 3 ft. 6 in. diameter, ¢ _—— 
100 Ib. pressure. The crown plate of the firebox co! peed 
downwards, being fractured the sides, owing, it is 
believed, to shortness of water, or to the giving way of the 
upright sides under the weight of the stays unattached to 








1876. 


Fig. 22, 


the top of the shell. A somewhat similar case is given in 
the records for 1874, No. 21, Fig. 12; and the want of roef 
stays was also the cause of the explosion, No. 31, Fig. 20, 


this year. 
No. 9. (See Fig. 5) March 29th, 3 killed, 11 injured. 
—Plain cylinder. 40 ft. long, 3 ft. 6 in. diameter, jin. 


plates, 45 lb. pressure. Four rings of plates were tcrn out 
of the centre of the boiler, fracture having commenced at 
two screw patches along the line of side brackets, where the 
plates were almost eaten through by external corrosion. 

No. 10. (See Fig. SY March 30th, 1 injured.—Lan- 
cashire, one of two, 29 ft. long, 7 ft. diameter. Tubes 2 ft. 9 in. 
diameter, #in. plates, 65 Ib. merge The right-hand tube 
collapsed from end to end. ing of large size, and some- 
what reduced by corrosive water, it was not able to sustain 
safely the usual working pressure. 

No. AD ag Rig. 7.) April 6th, 1 killed, 1 injured.— 
Plain oxi er, 8ft. 8in. long, 2ft. 6in. diameter, jin. 
plates, 70 lb. pressure. The original plates were much 
corroded, and gave way where some patches had been 
rivetted to them. The rent extended from end to end, and 
allowed the shell to open out, and the reaction of the issuing 
contents sent the boiler a considerable distance. 

No. 12. April 8th, 1 killed.—Portable, multitubular, 
7 ft. Gin. long, 3 ft. diameter, vs in. plates, 50 1b. pressure. 
Internal tube beyond firebox, oval, 5 ft. 2in. long, 19} in. 
wide, 9in. high. Collapsed from weakness, a main stay 
having been removed at the time of the last repair. 

No. 13. (See Fig. 8.) April 11th, 4 injwred.—Plain 
cylinder, 8ft. 3in. long, 2ft. Gin. diameter, }in. plates, 
50 lb. pressure. Rupture commenced where the plates were 
nearly eaten through by corrosion. The shell split open 
and the ends were torn off, and although a very small 
boiler, considerable d was done to property. 

_No. 14. May 7th, 1 killed.—Lancashire, 30 ft. long, 7 ft. 
diameter. Tubes 2ft. 6in. diameter, }in. plates, 401b. 
pressure. ing to an accumulation of mud or deposit on 
the tubes over the fire, the second and third plates in the 
left-hand tube became overheated, and bulged downwards 
about 6in., and the rivets were sheared and ruptured. 

No. 15. oe Fig. 9.) May 8th, 1 injured. — Wagon, 
one of two, 17 ft. long, 8 ft. wide, 8 ft. 3in. high, } in. plates, 
20lb. pressure, about 25 years old. The plates were so 
corroded along the line seating, that the was torn 
—_ the bottom and thrown over a chimney to a great 

istance. F : 

No. 16. (See Fig. 10.) May 9th, 5 killed.—Lancashire, 
ser, fi platen, Wb te. pommmene, “A leuheges nd hoe 
meter, # in. p! " . pressure. a 
end had corroded the plates in that part so badly, that they 
were unable to resist the usual working , and the 
shell rent and was torn away from the tubes. , 

No. 17. June 15th, 2 killed.—Mari No iculars 
could be obtained, as the vessel immediately sank. 
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No. 18. (See Fig. 11.) June 19th, 1 killed.—Cornish 
30 ft. long, 7 ft. Gin. diameter. Tube 5 ft. wide, 4 ft. 6 in. 
high, with a flat-sided water division extending its whole 
length, ys in. plates, 40lb. pressure. The plates in the tube 
were so corroded as to be too weak to stand the usual 
working pressure. 

No. 19. (See Fig. 12.) June 23rd, 1 in‘ured.—Wagon. 
11 ft. long. 6 ft. high, 6ft. wide, } in. plates, 40 years old. 
Owing to the imperfect fastening of the stays, the boiler 
was not sufficiently strong to bear even the usual low 


pressure, and rent open. 

No. 20. (See Fig. 2B) July 8th, 1 killed.—Maultitabular, 
5ft. 2in. long, 2ft. 2in. diameter, }in. plates. The 
crown of the firebox was nearly flat, and without stays, 
and being dnly jin. thick collapsed with the slightly in- 
creased pressure during a temporary stoppage of the 


engine. 

"Ko. 21. (See Fig. 14.) July 14th, 45 killed, 33 injured.— 
Marine, one of nine, 15ft. wide, 10ft. deep, 13 ft. high, 
301b. pressure. The boiler was being fired at racing 
8 , while, by some mistake, the steam stop valves were 
closed, and the safety valves were inoperative, owing, it is 
presumed, to their being held fast by the unequal expan- 
sion of the valves and the geats, or possibly from having 
remained some time without being tried. The warning of 
the steam ga was disregarded, as it was presumed to 
be defective, use it indicated less than the proper 
pressure, but it is believed that in reality the hand had 
passed the peg on a second revolution. The front plate 
was torn off by the accumulated pressure, and the con- 
tents of this and some of the other boilers escaped into the 
necessarily confined space of the stokehole and engine 
room, and as there were an unusual number of persons on 
duty to note the behaviour of the machinery under trial, 
there was great loss of life. This is one of the most re- 
markable and fatal explosions on record, and as it was on 
board one of Her Majesty’s ships of war of modern con- 
struction, and was designed, made, and fitted with the 
best of skill and materials, it has attracted great atten- 
tion, but it is well to note that the singular circumstances 
which combined to produce the explosion could hardly 
occur in the ordinary use of the boiler. When under the 
command of the usual officers of the ship there is less 
likelihood of mistake as to what valves are shut ; and the 
stoppage of the engines would be accompanied by the 
order to cease firing; and the sticking of the safety 
valves could hardly escape notice when in daily use. 

No. 22. (See Fig. 15.) July 26th, 1 killed, 2injured.— 
Cornish, one of two, 17 ft. long, 5 ft. diameter, ,% in. 
plates. Tube 2 ft. 8 in. diameter, } in. plates, 74 lb. 
pressure. Tube collapsed nearly its entire length from 
the weakening of the plates through shortness of water. 

No. 23. August 14th, 1 injured.—Lancashire, 25 ft. 
3 in. long, 7 ft. diameter. Tubes 2 ft. 9 in. diameter, } in. 

lates, 50lb- pressure. The left-hand furnace tube col- 
apsed over the fire, having become overheated through 
shortness of water. 

No. 24. August 16th, none injured.—Plain cylinder, 
flat ends, said to be an old fiue tube. 

No. 25. August 2lst, 1 injured. Plain cylinder, one 
of three, 30 ft. long, 5 ft.6in diameter, 45 lb. pressure. 
The boiler was torn into three pieces, which were sent 
in various directions and did considerable damage. The 
boiler was left with the fires damped down, but it is pre- 
sumed that they were sufficient to raise the steam to more 
pressure than the boiler could bear. 

No. 26. (See Fig. 16.) August 28th, 5 killed, 1 in- 
jured.— Lancashire, 26 ft. long, 7 ft. diameter, } in. 
plates. Tubes 2 ft. 8 in. diameter, 40 lb. pressure. The 
shell was so much reduced in strength by corrosion, that 
it was insufficient to resist the usual working pressure. 

No. 27. August Slst, 1 killed, 3 injured.—Cornish, 
27 ft. long, 6 ft. diameter. Tube 3 ft. diameter at front 
end, and 2 ft. Gin. at back end. The shell gave way 
at the bottom, and was torn round the last seam but one 
at the back end through a seam which was said to have 
been weakened by corrosion from the effects of leaking. 

No. 28. (See Fig. 17.) September 19th, 1 killed, 1 in- 
jured.—Cornish, 22 ft. long, 5 ft. 8in. diameter. Tube 
3 ft. 6in. diameter, jin. plates, 40 lb. pressure. The 
tube collapsed from end to end, having been much reduced 
in crength ty a with patches only } in. thick. 

No. 29. (See Fig. 18.) September 20th, 4 killed, 8 in- 
jured.— Locomotive, 11 ft. long, 3 ft. 6 in. diameter, } in. 
plates, 75 lb. pressure. During a temporary stop of 
the engine, the pressure had accumulated to 100 lb., and 
the shell of the boiler gave may underneath at the unguarded 
manhole. 

No. 30. (See Fig. 19) September 30th, 4 killed, 6 in- 
jured.—Plain cylinder, one of three, 30 ft. long, -6 ft. 
diameter, # in. plates, 30 Ib. pressure. The boiler gave 
way at a thin plate in the back spherical end, where much 
retuned and weakened by corrosion. 

No. 31. (See Fig. 20.) October 12th, 1 killed.—Multi- 
tubular, on canal boat, 15 ft. 4 in. long, 3 ft. 6 in. diameter, 
tin. plates, 90 lb. pressure. The crown of the firebox 
collapsed downwards, the stays intended to compensate for 
the weak shape, being of little use as they rested on an 
unstable part of the boiler instead of being attached to the 

f 


root. 

No. 382. October 15th, none injured.—Lancashire, 32 ft. 
3 in. long, 9 ft. diameter. Oval firebox 8 ft. long, 3 ft. 7 in. 
wide, 3ft. high. Tubes 3 ft. diameter, 34 1b. pressure. 
The sides of the left-hand tube were forced together for 
the entire length, bejng without strengthening hoops or 
cross tubes, and unable to bear the usual working pres- 
sure. 

No. 33. October 20th, 1 injured.—Cornish. Said to 
have been old and much thinned on the bottom. 

No. 34. (See Fig. 21.) October 23rd, 3 injured.—Lan- 
cashire, one of two, 30 ft. long, 7 ft. diameter. Tubes 3 ft. 
diameter, ¢ in. plates, 65 Ib. , 23 years old. The 
tops of both tubes colla through overheating from 


shortness of water, caused by impurities in the water inter- 
fering with the working of the pump. 

No. 35. November 1st, 1 injwred.—Marine, one of two, 
8 ft. long, 6 ft. 6 in. diameter, 55 Ib. pressure. Rupture 
commenced at the front bottom end of the shell, and ex- 
tended backwards until nearly all the shell was torn off, 
and the reaction of the issuing contents lifted the boiler 
completely from its seating and caused great damage. 
The boiler was old and worn out, and being much corroded 
it was unable to stand the usual working pressure. 

No. 36. (See Fig 22.) November 14th, 1 injured.— 
Balloon, one of three, 17 ft. high, 15 ft. diameter, ? in. 
plates, 15 lb. pressure. The boiler was liable to be exposed 
to a greater pressure than it was calculated to bear. The 
stays gave way at the top allowing the bottom to be torn 
round the angle ring, the reaction of the issuing contents 
forcing the top some distance away. 

No. 37. (See Fig. 23.) November 28th, 2 killed, 6 injured. 
—Plain cylinder, one of five, 30 ft. long, 6 ft. diameter, 
i in. plates, 351b. pressure. Gave way at the seam in the 
back end, and as the plates were arranged lengthways with 
continuous seams from end to end, the shell was easily rent 
in pieces. The shell was also said to be so weakened from 
the effect of frequent repair as to be unable to bear the 
ordinary working pressure. 

No. 38. (See Fig. 24.) December 13th, 1 killed, 1 in- 
jured.—Locomotive. Firebox 4 ft. long, 3 ft. 5 in. wide, 
5 ft. 9 in. high, 120 lb. pressure. The copper of the firebox 
had worn so thin under the firehole ring, that the plate 
slipped over the rivet heads, and bulged towards the fire 
about 6 in. 

No. 39. December 21st, 1 killed.—Lancashire, one of 
two, 22 ft. long, 6 ft. 6 in. diameter, 50 lb. pressure. The 
safety valve had stuck fast until excessive pressure sud- 
denly opened it, when the issuing steam and water scalded 
@ man near. 








HOMOGENEOUS IRON. 

On Homogeneous Iron, and the Degree of Homogeneity to 
be expected in Iron produced by various Systems of 
Puddling and subsequent Working .* 

By Mr. Henry Krrx, of Workington. 

MANUFACTURERS Of finished iron are frequently blamed 
by engineers for not giving them the exact qualities re- 
quired, and they excuse themselves by saying that the pig 
iron supplied to them under the same name varies very 
much in its composition, and that they cannot make an 
invariable product from it. Smelters affect to regard com- 
plaints of the quality of pig iron as purely imaginary, but 
they themselves find fault with the minerals suaylied to 
them, and mine owners are very ready to tell them that 
they can only give such materials as the mines yield. 
Thus every one exonerates himself, yet the truth is that 
no one of the departments is without its difficulties; and 
if each, instead of ignoring those of the others, would 
patiently examine them, and endeavour to remove, miti- 
gate, or neutralise them, in the end all would be gainers. 
It is from such considerations that this paper is brought 
forward, in which it is the writer’s intention to present 
some facts and offer some remarks from an ironmaker’s 
point of view. 

Words sometimes alter their signification so much in 
course of time that it is occasionally difficult, during the 
period of transition, to embrace all the shades of meaning 
current in any short definition; and if the title of this 
paper had been confined to ‘‘ Homogeneous Iron,’’ nume- 
rous precedents might have been found for a departure 
from the strict original sense of the term ‘‘ homogeneous.” 
But it is contended that eo | such departures give rise to 
ambiguity and confusion, and toa loss of valuable time, 
which ought to be avoided. Thus the word “ puddling” 
was originally restricted to the working of refined iron, 
which never became thoroughly liquid, but was in a 
** puddle”’ or pasty state throughout ; and when unrefined 

ig began to be worked, and was found to melt thin and 

il up freely from the rapid escape of carbon, the process 
was termed “boiling.”’” But as the puddled iron was 
better than the boiled, there was the temptation to sink 
the word boiling altogether, and this has been done so 
see that now, when we want to speak of the old 

uddling process—which is still carried on at all the best 

orkshire works and at many others where the very 
highest quality of iron is made—it requires a lengthy 
description to convey the intended meaning. 

The term homogeneous seems to have been first applied 
to iron about twenty years ago, and it meant a compara- 
tively pure iron manufactured by melting, too low in carbon 
to be called steel, in fact presenting none of its character- 
istics. But within the last ten years makers of homo- 
geneous iron have appropriated the term steel, steel being 
something better than iron; and now there appears in 
some quarters a disposition to adapt the word omarion 
neous to iron produced by puddling, whereas puddled iron 
is not, and perhaps cannot be made, truly homogeneous. 
It is highly probable that the use of the term steel has 
very much hindered the employment of true homogeneous 
iron in works of construction, for which it appears to be 
eminently fitted, by creating false impressions as to its 
hardness and the expense of working it, and it is a ques- 
tion whether the appropriation of the term homogeneous 
will help iron manufacturers nearly so much as the closest 
approximation to its most valuable properties which it is 
in their power to make. But here arises a difficulty; 
the finely crystalline appearance of such iron, when cut 
round with a chisel and broken suddenly off, finds little 
favour with engineers and consumers, while the fact of 
its being remarkably strong in its hot as well as in its cold 
state, and requiring a deal of fire to heat and mus- 
cular foree to work, excites prejudice on the part of those 
who have to expend their labour upon it- 





" ® Paper taken as read before the Institution of Mecha- 





nical Engineers. 





The writer will now endeavour to show, first, what ho- 
mogeneous iron is, and what are its properties ; next, how 
far the conditions of various modes of puddling are com- 

tible with the production of similar iron ; and, lastly, 
ow homogeneity is affected by the subsequent operations 
of hammering, rolling, heating, piling, &. 

Homogeneous iron will considered herein as iron of 
the same kind or nature throughout, and consisting of 
similar parts ; thus iron may be eous and yet con- 


tain all the elements associated with it, such as 
carbon, silicon, sulphur, phosphorus, and manganese ; but 


iron containing‘ cinder cannot be truly homogeneous be- 
cause the nature of cinder is altogether different from tha’ 
of iron, and in fact cinder does not combine with it at all, 
but only remains diffused hout the mass. Iron 
— by melting and casting into solid ingots, care- 
ully heated and well worked, may properly be called ho- 
mogeneous. Such iron has no right to the term steel when 
the carbon is not above 0.30 per cent., which is an amount 
sometimes exceeded in the very best brands of wrought 
iron ; for instance, an analysis of Swedish iron is given by 
Percy with 0.386 per cent. of carbon, and one of Russian 
with 0.34 per cent. 

Homogeneous iron—or mild steel as it is now called—is 
remarkable, as compared with puddled iron, for its high 
degree of —— and ductility combined. This is well 
exemplified in the samples of mild steel and iron hoops of 
which tests are given in Table A. The pieces were about 

TABLE A.—Tests or Hoop [Ron AND STEEL. 
(Pearson and Knowles’ Coal and Iron Co., €i&> W-I.W., 
Warrington). 

Hoops 1 in. x18 w.g. 


























STEEL. Tron. 
3S be5 | s . S045 g 
one — 
3 | as = £ | gm] & 
s)32 # | 2148] g 
Z 2) cs) Zz a a 
Ib. per cent. lb. [per cent. 

1 4360 1.50 1 2660 9.00 
2 3800 13.25 2 2420 4.50 
3 4275 13.00 3 2525 9.25 
4 4100 | 13.50 4 2400 1.25 
5 4100 | 11.00 5 2480 4.00 
6 4200 | 9.50 6 2000 3.00 
7 3700 12.00 7 2300 2.50 
8 4445 10.50 8 2000 4.00 
9 3680 14.25 9 2490 9.25 
10 4430 8.75 10 2300 3.50 
11 3800 | 15.00 11 2790 9.75 
12 4300 10.50 12 2200 2.00 
13 4000 | 11.75 13 2400 7.50 
14 4750 | 12.25 14 2210 3.00 
15 4200 | 13.00 15 2870 8.00 
16 3700 | 9.50 16 2400 3.25 
17 3720 14.75 17 2650 3.50 
18 3815 15.00 18 2500 9.75 
19 3770 10.25 19 2400 1.50 
20 3700 12.50 20 2375 4.50 
Average} 4042 12.08 [Average 2388 5.15 





6 ft. in length each, and the testing machine was one spe- 
cially constructed for ascertaining the tensile strain and 
ductility of telegraph wire. On the face of it, the steel 
appears twice as good as the iron, taking strength with 
ductility ; but when it is considered that, to obtain the 
comparative value for work, say by Mallet’s coefficient, half 
the breaking weight has to be multiplied by the elongation 
per foot, it will be seen that the steel has about four times 
the value of the iron. - This, however, does not exhibit the 
whole of the difference between the two. By the same 
rule of calculation, No. 16, the lowest of the steel, gives 
nearly twelve times as much value as No. 4, the lowest of 
the iron; while the ratio of difference between the lowest 
and the highest steel is as 1 to 1.62, and the ratio of differ- 
ence between the lowest and the highest iron is as 1 to 
9.06, showing that the variation between the different 
samples is 54 times as much in the iron asin the homo- 
geneous metal. 

No doubt this is an extreme case, but it is selected as 
well adapted to show the full value of homogeneity, which 
would be perfect in the steel, from its having been worked 
down to so small a size, but more imperfect than usual in 
the iron, for reasons which will be given in the last divi- 
sion. As ingot iron—to use the term recommended by the 
International Committee at the Philadelphia Exhibition— 
is made larger in size, it is less and less uniform, because 
of internal crystallisation, accompanied often with air 
bubbles. On the other hand, as wrought iron is made 
larger in size, a greater degree of uniformity can be ob- 
tained, as is done in the manufacture of armour plates, by 
building up from numerous small pieces. ° 

It is not the intention here to deal with plates nor with 
hammered iron, nor specially with angles or rails, because 
the experiments now first made public were conducted 
entirely upon rolled bars. As the manufacture of iron 
from ingots has undergone great changes of late years, it 
is obviously unfair to give examples from old sources, and 
the only available modern data suitable for the com- 
parison are given in Kirkaldy’s experiments on Fagersta 
steel in 1873, Series C3, representing the presence of 0.15 
of carbon, from which is extracted Table B. The lowest 
breaking strain is 23.6 tons per square inch, and the 
highest 27.1 tons ; the lowest degree of contraction of area 
at the point of fracture is 31.4 per cent., and the highest 
72 per cent ; the least degree of extension, over length 
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TABLE B.—Txrsts or FAGERSTA 
Length 


Sree. Bars. 













































































































































































Bars 10 in. 
Specimens turned to Stress Ulti- Contesotion Ultimate Qe . 
. Bars mate Area at A ice 0: 
Size of , Square Tach. Fracture. Extension. ractare. 
Diameter. Area. 
in. in. square inch lb. per cent. per cent. 
0} square 0.357 0.100 60.780 72.0 22.2 All silky. 
1 99 0.619 0.300 54.560 69.7 27.8 pa 
lt 5 1.009 0.800 57.960 56.0 27.3 os 
2 99 1.382 1.500 57.453 51.8 28.6 95 per cent. silky. 
2 » 1.694 2.250 57.345 31.4 20.2 An nular. 
3 99 1.994 3.000 52.962 57.8 31.1 All silky. 
Average 56.843 56.45 26.2 
TABLE C.—Tzsts or Marron Iron Bars, By D. KirKAupy, Juuy 3, 1876. 
(Chiefly from Mossbay Hematite.) 
Bars 10 in, Length. 
«os . Contraction Stress per . Appearance 
: Original | Ultimate Stress per Square Ultimate 
Size of Bars | “Area. | ~ Inch of Original Area. | fyeuewa’ | pyduate Inch of | extension. | sea are, 
in. 8q- in. Ib. tons. per cent. Ib. per cent. 
¥ diameter ... 0.255 61.282 27.3 40.3 102.809 22.1 Fibrous. 
vs square 0.331 55.791 24.8 42.9 97.709 23.0 os 
eager 0.570 54.894 24.5 40.0 91.491 24.2 a 
+ ” 0.265 53.603 24.0 52.4 112.7388 22.9 99 
TABLE D.—Trsts or Marron [non Bars, By D. K1RKALDY, JuLy 24, 1876. 
(Chiefly from Mossbay Hematite). 
Bars 10 in. Length. 
: +e Ultimate Stress : Stress per Square . 
Diameter of | __ |Original Contraction of F j| Ultimate |-A) 
Bars. Area. ‘Caaek Awe Area at Fracture. wee . Extension. |of e. 
Bi : , 
i | a | “ait | gdbs, lH {toms| per cont. Ib. eroent. | 
diameter ‘ J Y . ‘ibrous. 
Ht - | viey | Sa 59,584 |26.6 at i} 37.1 94,786 24.0 23.3 ‘ 
1 So | M rn 54025 54,114 [24.1 i 46.7 101,626 an 26.1 " 
1h | E = 52,381 52,564 [23.5 45.4 44.7 95,191 95.2 25.8 os 
(M middle of bar, E end of bar). 
TABLE E.—Tezsts or Marron Iron Bars, By D. KirKALpy, May 8, 1876. 
(Chiefly from Mossbay Hematite.) 
Bars 10 in. Length. ut 
| | 
‘ Origi- | Ultimate Stress per |Contraction of |Stress per Square . 
Description | nal Square Inch of Area at Inch of Frac- a oe at 
of Iron | Area | Original Area. Fracture. tured Area. ‘ 
‘sq. in.| Ib. Ib. | tons r cent. Ib. per cent. . 
W.S. | M | 0.442 | 56,515 3 24.1 Fibrous. 
* M| 4, | 56,470 }55,803)/24.9 at 40.9 94,501 za} 23.3 p 
99 E o> | 54,423 40.2 23.1 od 
W.T.W.| M o> | 55,791 46.1 24.1 ” 
* M »» | 55,723 +55,689/24.8 wit 41.3 94,916 23.8 > 23.0 ms 
W i -- 3780 a8 339 Do., 5 it. crystalline 
> | M ” ) 42. 23. per cen’ \. 
wages 2 ee 55961 s, 049 24.6 wat 41.6 94,308 20.1 22.1 "Fibrous. 
bn M » | 54,004 42.3 22.3 ” 
W.R.5 | M| ,, | 55,226 46.1 24.8 ; — 
ss E »» | 55,181 >54,747/24.5 ae 2 40.8 92,595 22.6 > 23.2 Fibrous, peculiar. 
* M » | 53,834 38.2 22.3 F ” 
WR3|M/ ,, | 52,138 50.0 25.9 Fibrous. 
% M »> | 51,961 >51,728/23.1 sa} 50.0 108,457 ano 25.8 % 
os DE bids 5085 | 50.0 25.5 9 
(M middle of bar, E end of bar.) 
TABLE F.—ANALyYsIs oF Margon Bar Iron, By G. F. Downs, WORKINGTON. 
Chiefly from Mossbay Hematite. 
Size of Bars. Description. Tron. | Carbon. | Silicon. | Sulphur. |Phosphorus. | Manganese. | Total. 
in. 
diameter ... id 99.533 0.165 0.067 0.011 0.075 Trace 99.851 
square... oh 99.530 0.190 0.074 0.010 0.091 ” 99.895 
1 diameter ... ant 99.533 0.170 0.047 0.011 0.045 ” 99.806 
m ‘ WS. 99.498 0.120 0.116 0.015 0.091 os 99.840 
” W.T.W. 99.326 0.150 0.128 0.012 0.132 as 99.748 
we W-5 99.500 0.115 0.149 0.011 0.161 » 99.986 
b W.R.5 99.498 0.090 0.163 0. 0.182 po 99.955 
» W.R.3 99.704 0.180 0.019 0.014 0.074 a9 99.991 
TABLE G.—Anatysis or Bar Inon. 
(Ordinary Qualities.) 
Size of Bars. | Description. Iron. Carbon. | Silicon. | Sulphur. |Phosphorns. Manganese. | Total. 
in. 
diameter® | ECB.W. Gi) | 98.625 Trace 0.258 0.052 0.321 Trace 99.256 
oe eae ate | See ee ee 
” one ” i jo! . 0.310 ’ ¥ 
WXd + ...|K-B-W Gif best] 99.115 | Trace | 0.170 | 0.028 0.200 0.140 | 99.653 











(Analyst, * Downar, + Pattinson.) 


of 10 in., is 20.2 per cent., and the greatest 31.1 cent, 
Numerous samples of wrought iron of higher breaking 
strain, and some few with an equal contraction of area 
and the same degree of ultimate extension, can be found, 
but probably not of all the three combined, when a suffi- 
cient amount of work has been expended upon the steel to 
make it truly homogeneous, as in the first two or three 
tests given in the Table. 

Puddling may be shortly described as a process for the 
conversion of cast iron, containing from 8 to 10 percent. of 
impurities, into wrought iron, containing in its first stage 
as puddled iron from $to 3per cent. Oxygen is the almost 
universal — employed for this purpose, and is obtained 
[wee m oxide of iron in various forms, technically 

fettling. The furnace in which the operation: is 
performed may be considered as consisting of four parts— 
the grate, the hearth, the flue, and the chimney; but 
frequently one chimney serves for a number of furnaces, 
— grate —_ not be — ee except to —— —_ 
where iron of superior ity and requiring 
very clean is produced, t is fixed lower than he 
revent coal or ash from passing over to the hearth. The 
earth of a puddling, or more correctly eliogy tiling 
furrace, is made of cast-iron plates, which are kept coo 
by various means to prevent them from melting with the 
intense heat, and are also covered with oxide of iron or 
fettling, which is renewed from time to time as required, 
Usually a heat of 4} cwt. long weight, or 540 Ib., is 
along with some cinder from the hammer or rolls. As 
soon as the iron ins to melt, it comes in contact 
with the fettli cinder in a solid or liquid con- 
dition. Chemical action between the two is immediately 
set fup, so that the first melted iron has a greater chance 
of purification than that melted at a later stage.. All 
round the sides of the hearth the fettling rises some 
inches above the floor, and as the tools are worked backr 
ward forward and from side to side the melted iron is 
washed up against it, and therefore the outer portions of 
the iron are exposed to more fettling than the rest, and 
begin to thicken first. The puddler scrapes the thick iron 
into the middle and mixes it thoroughly ry oy other. 
The thickening is helped on by the closing of the damper, 
which is generally done as soon as the iron is ; 
melted; and when .the iron and cinder are mix: 
together, the boil ly commences and the damper is 
raised. As the boil proceeds, the most advanced ions 
sink to the bottom, and are brought up again and blended 
with the rest by the puddler’s tools. After the melting, 
mixing, and boiling; comes the dropping as it is 4 
when the ebullition gradually subsides, till the whole mass 
lies upon the floor of the hearth in a  y- state. The 
floor of the hearth is much colder than upper portion, 
all the heat being derived from above, so that the action 
of the fire comes very unequally upon the iron, which is 
worked up by the puddler, and turned over and broken 
into i to allow the flame to play upon all 
as unif as may be, the damper being lowered at the 
same time; but as the tools are only very small in propor: 
tion to the quantity of iron, and the pnddler’s si h 
and activity limited, it is easy tosee that at best the 
working of the iron is only imperfect, Next comes..the 
ing, or making into lumps suitable for the hammer, 
which is done as expeditiously as possible, putting 
the most advanced portion first. But even here ection 
in hitting the right moment, with the whole of the iron in 
ne mn is scarcely ny wane 80 ir ens ane at every 
8 causes making against homogeneity, which it requires 
all the best efforts of the workman to keep in abe 
These causes are i sometimes by the furnace 
working with the flue slanting upwards directly into a 
firebrick chimney, the brickwork of which gradually melts 
away, and theoretically should come into the furnace, heat 
by heat, in which case harm would be done; but in 
practice the puddler keeps it back by the fettling, and now 
and again it runs into the furnace all at once, and in many 
cases spoils a heat. Frequently the effect is to produce 
fibre, by the diffusion of a thick cinder throughout the 
mass, preventing the formation of crystals, but the iron is 
gen weak and red-short, When a short flue is carried 
rom the furnace. to a boiler, the quantity of melted brick 
is scarcely worth notice. 
So far this is a dark pi of puddling, but Souiunatels 
sladeg principle at work whi 
greatly mitigates the evils iron appears to be soft 


ing generally it. may be said that iron is 
Sr 
ex per manganese. Bu a 
most valuable accompaniment of pure iron, seems to be 
hi injurious in connexion with p and silicon 
in quantity. These elements, which along with ‘other 
aes matters impart fluidity to iron, first of all a 
uce 


The ordinary expression applied to 
consumers first-class iron is ‘that it wants “ body. 
hich to mean neither more nor less than that it 

ceongih, is not sufficiently pure, and is short. of 


w 
lacks 
carbon. But when all other e ts are reduced. to a 


very slight percentage, the carbon is pretty certain to be 
nn aye pene tp ebay wana he 
smart. b! upon the anvil after cutting through the 

is almost invariably crystalline or granular, th really 
capable of bearing a high tensile strain, ting very 
much at the point of fracture, and i oly § 
when not broken suddenly, the appearance is fibrous, 
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mechanical properties and the chemical com- 
position of the different samples given in Tables C, D, E, 
and F,, attention may be very properly 
which comes out with remarkabl 
quently been contended in making 
of any iron is shown by the amount of stress at the fractured 
area, and there can be no doubt that this shows its real 
strength. It will be found throughout that as the carbon 
tassatons ao Gees Che feats of She Seastased asco. ad 

tress at 


ts 
in the manufactured 
ile iron made fibrous by a 
i orking comparatively cold 
i ishi t to prevent this cinder escaping, is 
never equal in point of strength and ductility to the other, 
t, with the least degree of overheating by 
me extremely brittle. 

The writer has observed many of these phenomena for 
, but they have never come out so forcibly 
in the course of some experiments that he has had in 
r several months, undertaken with a view to 
in'the properties of several kinds of iron, chiefly 
tite ores, in constant use at the works of his 
i incidentally some knowledge of the 
and the nature of iron generally. 
was no intention at the time the trials were made of 
are not to be looked upon 
course. The heats 
were all of fall weight, no extra time was spent over 
fettli used, and no additional heat was 
ter extent than was 

y work. Occasionall 

lo well, would step beyon 


drawn to ee 
tests that the true value 


c 


af 
ry 


poe aa in 


REgUREEE: 


the results, and th 


So 


in the case of 0.170 

three times as great as in 0.165, and 

therefore having a much less amount of work put upon it, 

and the immense increase of strength from 0.180 to 0.190 

mg accounted for by the extra work put upon the 
tter 


It has been stated previously that a mixture of iron and 
cinder is not compatible wit. 
ity for heat possessed by iron of unusual 
ilities for expelling the cinder, besi 
does not stick in such iron so pertinaciously as in that of 


analyses presented in Table G, the first, second, 
and fourth represent a description of iron ve 
t, soft in its hot as well as in its cold 
and fibrous. The third was similar, 
it has been added just to show 
mg with silicon and phosphorus 
in quantity. It will be seen that all the four are much 
lower in metallic iron than the 


arent tio: 
ee bane oe 


the puddler, in his anxiet; 
these bounds, but such heats were always rejec 
is, because it was well known that the 
i i The puddled blooms 
were rolled into bars without reheating, and finished at a | capaci 
second heat, except four of the samples, the results of 
which are represented in Tables E and F. 

Table C on the preceding page gives the tests of four bars 
of Marron iron of various sizes and shapes, from four 
different puddled bars of one heat. 


homogeneity. The great 


The ultimate stress 
8 tons per square inch, the contraction 
.4 per cent. ; the extension, taken over 

m 22.1 in the smallest size to 24.2 

. There was considerable difference 
the properties of the first and the last of the four, and 
of each was taken—(the first and second of 
the last being highest in carbon, and probably, 
total percentage of the various elements, 


state, easy to weld, 
but not entirely fibro 
the influence of carbon 


ea 


revious samples, and that 
ower. Ordinary chemical 
not distinguish between iron and its oxide—it 
as iron, whereas there may be $ 
in combination with oxygen ; and the weight 
being given, this causes the total percentage 
to fall short in the more impure article. 
already been advanced, the true means 
of insuring such a degree of homogeneity as is possible by 
puddling appear to lie in the production of iron as pure as 
dant carbon; and it is believed that 
if iron were puddled with a view to the best possible quality 
and the greatest degree of hom 
to the presence or absence of 
still higher than in Table F, and that the iron would be 
very way if its pro 
iarities understood. 
a perfect right to ask that restrictions should not be im- 
posed upon them which are ‘not im 
steel. If it be true, as it appears to be from the 
foregoing observations, that the most valuable iron is 
{with sufficient carbon to impart 
policy ;to replace carbon by 





In Table D the first four samples represent two puddled 
iece was taken from the end 
a An me ch edereny et ee The 
samples range from 24. ms per square inch ultimate 
, from 32.8 to 46.7 per cent. contraction, and 
.2 per cent. extension over 10 in. length. The 
the unusual feature of being 
welded in the middle of the bar, caused by the pile 
being charged after the rest, and drawn before the heat 
ted throughout. When 
the five pieces of the pile very distinctly, though the end of 
the bar was well welded. An imperfect weld reduces a bar 
to a series of flat plates, and it is well known that plates 
neither contract at the broken part nor elongate so much 
uares 


the last five items of Table F give the 
results of the most important trial of all, because th 
represent the whole of a puddled heat both in tests 
The sizes of iron are all the same, which is 
with each’ other. The breaking 
r square inch ; the contrac- 
he extension, over 10 in. 
An effort was made in 
this heat to the carbon lower than before, and it gave 
werage of carbon 0.131 per cent., against an average of 
cent. in C and D; but the sum of the phosphorus 
had risen from 0.133 to 0.243 per cent., and it 
will be seen that in F itself as the carbon falls the 
phosphorus and silicon increase. Thus— 
Phosphorus and Silicon. 
-R.3 contained 0.180 per cent. 


bars of the same heat. 
and the other from the mi 


| 


may be with its atten 


Z 


is list presented 


3 
3 


without any regard 
fibre, the carbon yo 


more valuable in e perties were appre- 









that which is purest, alo 






orus and silicon, e 
be accompanied by t 
and suddenly broken sample for fine crystal or grain; and 
it is not impossible that such engineers and consumers 
of iron as frown upon everything in the shape of wrought 
as, have gone in the direction of the 
eir predecessors of thirty 
aptto designate fibre by the con- 


better for comparison 
strain isfrom 23 to 25 tons 
tion from 31.6 to 50 
length, from 20.1 to 


e substitution of 






iron which is not fi 
opposite extreme to certain of 







(To be continued.) 












PATENTS FOR INVENTIONS BILL, 1877.* 
By H. TrRvuzMAN beieee ~~ - Assistant-Secretary of the 


ety. 

Tae Council of this Society have honoured me with 
their instructions to prepare a paper which might serve to 
introduce the subject for this evening 
doing this, it has seemed to me that I could best use the 
very brief time I could allow myself by directing your 
attention to the two or three most striking features of 
the Bill, rather than by attempting any criticism on all 
the points which might suggest themselves for considera- 


so, however, I must ask to be allowed to 
state most distinctly, that the remarks I have to make are 
to be taken simply on their own merits, and not in any 
sense as expressing the opinions of the Council. To do this 

tever, and I feel it my duty to 


its itself for consideration is 
mmissioners. The Society of 
h its Council, and by the collected action of 
its members, has for some years earnestly recommended 
the appointment of additional paid Commissioners of 
for this is sufficiently obvious. At 
f important Govern- 
occupied, and wh 






’ 0.090 »» ” 

tted, because it was treated in an entirely 

different manner from the rest, by which the cinder was 

better extruded, and it is not therefore eligible for com- 

horus and silicon appear- 
belongs to the cinder 





’s discussion. In 





, because some of the p 
in the analysis of iron proper! 
+ to this point, because it is sus- 
application — ly" con i 
isa sotebility that these oscillations of 
on the one hand and phosphorus and silicon on the 
other are not accidental, but are really cause and effect. 
A considerable amount of carbon often ins i 
iron after it has reached a s 
and cavities of it are filled with cinder, 
deal of p horic acid and silica. It is 
or the removal of the carbon 
and that it sets free iron, 
orus, and silicon, which are added to the puddled 
this supposition by the be 
ee by the effect of a puddled 
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Patents. The necessi 
present the office is 
ment officials, whose time is 
cannot possibly study the details of departmental adminis- 
tration. The, consequence is that they either delegate 
oe ie An a a a 
ial, or they discharge them in a hasty an ‘uncto 
manner, in the intervals of their other more iupentent 


The effects of such a method of administration have re- 
cently been well illustrated. Last session, it is well known, 
i igation into the affairs of the department was 
the Rolls and some officials from the 
Treasury. It would probably have been difficult to have 
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found gentlemen more eminent or more capable of such an 
investigation. The result, however, of this sudden activity 
on the part of the nominal, but inexperienced heads of the 
office, was that a number of minor alterations were made in 
the existing system. These alterations have caused great 
irritation amongst those whose business is connected with 
the office, but have, as far as can be judged, effected none 
of the many required improvements in the old system of 


Were it not that the proposal for unpaid Commissioners 
is suppor’ y persons whose opinions deserve respect, it 
would be difficult to believe that it is put forward seriously. 
Some eight years ago, the then Master of the Rolls, the 
late Lord Romilly, applied to the different learned societies 
to nominate gentlemen eminent in various branches of 
science, who might act as unpaid Commissioners. The 
answers he received were such as might be expected, and 
the Council of the Royal Society, as was stated in this 
room by a late eminent member of that , received the 
pupens with derision, and flatly refused to have anything 
to do with it. An alteration in the Bill, which would turn 
these amateur functionaries into paid responsible officials, 
should be strongly pressed upon the House, and then a 
long-needed reform would be effected. The ez-officio 
members might well be retained to lend weight to the Com- 
mission ; but the real work of the office ought to be per- 
formed by men whose special duty it is to attend to it. 

I pass to the consideration of the next main feature of 
the Bill—that of preliminary examination. On this point 
there is, it must be allowed, some diversity of opinion. 
There are two strong parties in favour of it; first, those 
who look on it as a means of killing off obstructive patents ; 
second, those who wish for it because it would increase the 
value of those patents that were granted. The result ex- 
ane by the former would, I think, be on the whole un- 

esirable, while the expectations of the latter are not 
likely to be realised. It seems so plausible a notion that 
the inventor should receive, in return for the large fees 

from him, something better than ‘‘a mere per- 
mission to go to law,” that it is small wonder if many of 
the less opulent class of inventors demand that, at least, 
their patent shall be primd facie evidence of a. May 
I be forgiven if I suggest that it is just those who have the 
least practical acquaintance with the subject, to whom 
this idea is most fascinating. They forget the minute 
points upon which questions of validity and infringement 
of patents frequently turn. They overlook, first, the diffi- 
culty of collecting the facts ; and, secondly, the difficulty 
of arriving at a just conclusion from those facts. Those 
who have to get up patent cases know the trouble involved 
in the first; the reports of those cases are sufficient 
evidence of the second. 

It is true we cannot tell how the new Act would work 
in this respect. Very possibly it might produce no dif- 
ference in the existing practice ; but, on the other hand, it 
might easily be so worked ‘as to imtroduce the Prussian 
system into this country. Considering the Bill is brought 
in by a ministry, some members of which are avowedly 
hostile to patents, and that it is expected by the 
Attorney-General to stop half the patents now granted, 
I think we are justified in suspecting it. I take it that 
if the Bill passes we shall have a rather strict examina- 
tion, an examination with the object, if possible, of 
stopping the patent, and for the moment I assume that the 
examination can -be properly carried out. Now, time will 
not permit me to go very deeply into the results even of a 

om considered examination, and indeed there is the 
less need for any one to do so, inasmuch as only two years 
ago Mr. Bramwell—far more forcibly and ably than I could 
hope to do—set before a meeting of this Society the results 
which might come from such an examination. I will, 
however, ask you to look at the diagrams on the wall, and 
judge for yourselves whether in the case of any one of these 
well-known inventions, an examiner who did his dut 
would not have been compelled to refuse protection, an 
whether such a refusal would not have involved a distinct 
loss to the country. Understand me that I do not wish to 
put forward of these examples of prior inventions as 
invalidating a later patent. ost of these patents have 
been litigated aud well established; others have never 
been attacked. I only ask you to consider how an ex- 
aminer would act with two such descriptions—the old de- 
scription and the new invention— before him, and no 
means of ascertaining the relative practical value of either 
one or the other. Dr. Siemens was actually refused a 
patent in Prussia because of the ancient heating apparatus 
at Marienburg. Can we say that the -Prussian officials 
were not logically justified in their refusal? Bessemer 
might certainly have been refused a patent by an examiner 
who had before him the specification of Martin. Nasmyth’s 
steam hammer (1842) was described in so many words by 
Deverell in 1806, and Watt in 1784 went very near it. 
Cunningham’s self-reefing topsails (1850 and 1855) are ex- 
pated by Wisspear (1049) and by Bywater (1806), Martin's 
pa’ y Winspear (1 and by : s 
anchors (1859 and 1864) and Facts or Trotman’s anchors 
(1838 and 1852) are well known; the former was P4 
ceded by Hawkins (1821), the latter by Piper (1 ). 
Perkins’ hot-water oven (1851, improved in 1864) 
is only another form of that described by Don (1833), 
salty Sa Oe i oy 
coo i lecessors in , 
afterwards, in 1827 (Vasile's), 1849 (Masters), 1851 
(Norman’s). Muntz’s metal (1832) was invented 
in 1779, and Collins in 1800. Weston’s well-known 
differential p = (1859) was described in a book 
ublished in 1847. The description of Betts’) ca) s 
fis49 cannot be distinguished from that given in Dobbs 
specification (1804). Field’s boiler differs so little on paper 
from that of Perkins’, that it would have stood a poor chance 
of a patent; yet Perkins’ boiler is useless, and Field’s 
is used in every fire-engine made by Messrs. Merryweather. 
Bot%eld patented a hot blast before Neilson, though 
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this was not sufficient to invalidate Neilson’s patent at 
the celebrated trial, Neilson v. Baird. Norton’s tube wells, 
Gale’s method of protecting gunpowder (which the inventor 
sold for a considerable sum), have been described more or 
less closely in previous publications. The difference he- 
tween Smith’s watch-chain swivel and the ordinary swivel, 
might easily escape notice, yet the invention was worth a 
lawsuit, the costs of which were some 40001. To take one 
more instance, there is given in the Philosophical Magazine 
for 1834, an absolutely exact description of the ingenious 
toy called the Zoetrope, which was patented in 1860, and 
was popular enough to have brought to its second inventor 
a very return. This list might be extended to con- 
siderable length. The few brought before you are merely 
the result of a very short search during the few days avuil- 
able for the preparation of this paper. Some of them were 
described three years ago in an interesting series of articles 
in ENGINEERING, and all of them are more or less well 
known and successful inventions. 

But what reason have we to suppose the examination 
will be properly conducted? Weare to have at most six 
examiners and assistant-examiners. These are to d 
with 5000 applications annually. The inadequacy of the 
staff proposed by this as by former Bills is so obvious, 
that I am ashamed to refer to it an audience 
familiar with the subject, but is a point in the Bill to 
which it is necessary to allude. To examine properly all 
the applications would take a staff of at least six times the 
number mentioned in the Bill, and then they would have 
more tham enough todo. As to abridging and indexing, 
that would take ag many more. The Patent Office officials 
have been at work on their classified abridgments alone for 
nearly 25 years, and theyre more than 10 years behind 

till 


still. 

In the American Patent Office there were 95 examiners 
to 21,425 applications, and the reduction of the staff to 88 
has thrown the work into arrears. It may safely be esti- 
mated that our 5069 specifications would give as much 
work as the 21,425 in America, considering the relation 
therewith of English and American specifications. 

One word as to the system to be adopted. The 
examiner is to report on the provisional specification that 
it comes within the Statute of Monopolies, i.e., that it is 
“anew manufacture within this realm.’’ He is also to 
say whether ‘‘ having regard to former specifications and 
pr documents in the Patent Office, and to publications 
known to him, that the invention is open to objection on 
the ground of want (of novelty.” t+ can be more 
ambiguous than this? Is each examiner to have a diffe- 
rent standard according to the contents of his private 
library and the extent of bis general information? Then, 
again, is the acceptance of the specification as sufficient to 
bar all future proceedings on the ground of vague and in- 
sufficient description ? 

What would really be useful, what is really required, is 
that aninspection should be made to see that the specifica- 
tion is properly drawn and intelligible. This might be done 
under the present law, but itis not. The least that can 
be asked from the man who receives a monopoly is that he 
should accurately define what his monopoly is. Besides, it 
is part of the bargain between the inventor and the public, 
that in return for his protection during a certain number 
of years, he should give such a description as should enable 
the public to make use of the invention at the end of that 
time. 

Beyond this I do not believe examination can usefully 
go. Either it is a nullity, and, therefore, a nuisance, or it 
is a restriction on the freedom of trade and manufacture. 
In the latter case it is contrary to all our received pro- 
cedure. The courts have always upheld a patent when it 
was possible to do so. The abridged description of 
Plimpton’s skate, published by the United States Patent 
Office, was held not sufficient to enable any one to construct 
the skate, and therefore it was not publication sufficient 
to invalidate the English patent. Dobbs never made his 
compound metal, therefore Betts’ patent was good. It 
was recently held that an abandoned provisional specifica- 
tion can contain only worthless matter, and therefore 
should not invalidate a subsequent patent. Over and over 
again the difference between success and failure is too 
slight to be perceived, except by an expert—not always by 
him. How is the examiner to obtain the necessary minute 
knowledge of so-many branches of science and manu- 
facture? Imagine an examiner having before him all 
those inventions now before you. He must be a sailor, a 
cook, an engineer, a chemist, a watchmaker, and to-morrow 
he may require to be a musician, a bookbinder, a farmer, a 
weaver, and an oo. or at least he must possess more 
familiarity with the knowledge required in these various 
occupations than the average of those employed in such 
pursuits. Without such knowledge he can never do his 
work properly, and the more accomplished he becomes, 
the worse it will fare with the unlucky inventor. 

We are, however, told that we are to have preliminary 
examination ; that a large number of the public desire it, 
and that the Government intend to carry the Bill enforc- 
ing it. The former statement-I believe to be incorrect ; 
the latter, unluckily, has all the appearance of truth. 
Whether with the object of eventually Sesteoying patents or 
not, it seems likely that we are to have the system thrust 
upon us, and it only remains to be seen whether the new 
department will be more successful than the unlucky 
Trade Mark Office, which has certainly not succeeded even 
in the simple work of examining into the novelty of a trade- 
mark. It may be that those are wisest who accept the 
examination system, and then try to take the sting out of 
it. To do this many suggestions are put fo Indeed, 

here are almost as many different systems as there are 
advocates of preliminary examination, for all of them, 
when pressed to define their views, seem to differ. First 
of all we get the through-going le, who look on pa- 
as obstructive nuisances, and examination as a means 

of getting ridof them. Most opposed to these are the set 


who would make the examiner a sort of Government patent 
agent, who should confer in a friendly manner wi' 

inventor, and give him advice gratis. Another party 
would endorse an adverse report on the specification—a 
sort of notice to the public: ‘‘ N.B.—This patent is open 
to infringement.” Yet another proposal, and perhaps the 
most practical of all, is that advocated by Mr. Lloyd Wise. 
It is to refer the specification back to the inventor, and 
require him to insert a reference to prior inventions, and 
a statement of his claim notwithstanding such inventions. 

To pass on to another point. The obligation to grant 
licenses is surely of rather doubtful policy. There are in- 
deed cases where such a provision would be of value. In- 
ventions, like bullocks, are sometimes bought to be killed, 
not to be worked ; but there are many cases where an in- 
ventor might be undersold and ruined by an unscrupulous 
license. The obligation to put the nvention in use might 
always be colourably evaded, as it is in France, but this 
would probably only be done when the patentee was not 

et ready to work his invention, and this provision is there- 
ore harmless, though not Foye very valuable. 

The reduction in fees does not seem to be received as 
gratefully as might have been e by the advocates of 
cheap patents, and there is a well-grounded fear that the 
increased cost of procedure may more than swallow up the 
amount gained by the reduction. The charges involved in 
an appeal such as that to the Lord Chancellor provided by the 
Bill are shown hy such a case as that tried a few days ago 
in Vice-Chancellor Malins’ Court (Barrows v. the Registrar 
of Trade Marks), ‘when it cost 2502. to — against a 
wrong decision given by the Registrar of Trade Marks. 
—_ it must be remembered, are not allowed against the 

rown. 

Many other points, of ter or less importance, must 
be passed over, but there is one more which notice, 
and that is that greatly increased powers are granted to 
the Commissioners. In the Act of 1852 much is set out in 
detail which is by the present Bill left to the Commissioners. 
It is not even required, as it is by the existing law, that 
any rules and regulations made by the Commissioners shall 
he laid on the table of the House; they are merely to be 
included in the annual report of the Commissioners, which 
is presented to Parliament at the close of the session. If 
the Commission was a real working body, this might be a 


wise step enough, but as it is composed at nt, it is 
rather rous- to trust it with much inistrative 
power. The existi Commissioners are too much 


occupied with other matters, and they must of necessity 
delegate their functions to a subordinate, who, whether 
efficient or not, is at all events irresponsible to the public. 
In conclusion, I cannot but express regret that the 
Government—if they felt compelled to bring in a Bill for 
the amendment of the Patent Law—did not introduce re- 
form where reform was really needed. It is not difficult to 
imagine a measure which would have received the adhesion 
of all the classes interested. Such a measure would have 
placed a real working Board at the head of the depart- 
ment. It would have done away with the use of the Great 
Seal and the huge tin of wax considered necessary to re- 
ceive the impression thereof. Perhaps it would even have 
exploded the ancient theory that a patent is a special direct 
grant from the Crown of certain valuable privileges, and 
that it is only by Her Majesty’s most ious favour that 
these privileges are granted at all. The theory is that a 
grant of Letters Patent under the Great Seal of England is 
a peculiar act of royal bounty. In practice, it can be ob- 
tained by the first crotchet-monger who thinks he has dis- 
covered the perpetual motion, and is willing to spend 25!. 
for the privilege of saying so. There is plenty of room for 
reform at the Patent Office; but the reform required is 
administrative, not legislative. 
changes are wanted are changes in the direction of simplifi- 
cation of procedure, not of multiplication of formalities. 





FOREIGN AND COLONIAL NOTES. 

Port Pirie and Gladstone Railway.—His Excellency the 
Governor of South ‘Australia has formally opened the Port 
Pirie we Gladstone Railway. The new line is 324 miles in 
jength. 

Prussian Railways.—The net return realised in 1875 
upon the capital devoted to the construction of the Prussian 
State Railways was 4.80 per cent. per annum. The corres- 
ponding return in 1874 wus 3.65 per cent. perannum. The 
ratio of the working expenses to the traffic receipts in 1875 
Sasa per cent., as compared with 77.40 per cent. in 
187 


French Steam Navigation. — The Marseilles Steam 
Navigation Company has just held its annual meeting for 
1875-6. The profits of the year were returned at 34,3701., 
and the dividend paid on the share capital of the company 
for the twelve months amounts altogether to 7} per cent. 
per annum. 


Krupp and the Americans.—Mr. W. RB. Jones, superin- 
tendent of the Edgar Thomson Steel Works, in Penn- 
sylvania, has received an invitation from Herr Krupp, of 
Essen, to visit his famous works. The great German 
industrial offers to repay Mr. Jones all the expenses of his 
tour. 


A New Zealand Tramway.—A tramway is being laid 
down in South Dunedin, in the province of Otago, New 


Locomotives on the Erie Railway.—During the year 
ending September 30, 1876, the Erie Railway ay od 
purchased 20 first class locomotives from the Brooks 
motive Works at a cost of 196,000 dols. ; four new locomo- 
tives of the M pattern were also constructed in the 
company’s workshops at Susquehanna, at a cost of about 





—— ‘ols. These are the only locomotives which have 


placed if the revenue service of the line since August, 
1872. Notwithstanding the addition of 24 locomotives in 


At all events, whatever | ja. 





1875-6, the com has but eight additional engines, 16 
having been condemned and . Of 469 locomotives 
by the Erie ee Be pe 116 are inside con- 
nected or crank engines, which are more expensive to keep 
in repair than the modern patterns. The company’s loco- 
motives embrace 83 different varieties’; this obviously 
increases the cost of maintenance, as a corresponding amount 
of patterns, tools, and materials are required. 
45 locomotives on the Western division, 36 are of the 
standard pattern, and the cost of repairs to locomotives on 
this division ave 4.41 cents per mile run, while on the 
whole road, including the Western division, the correspond- 
ing average cost was 7.05 cents per mile run. This fact 
shows the importance of adhering to a uniform standard 
in all future additions. The com: ’s engine houses and 
stalls are inadequate for sheltering the locomotives, and 
the cost of maintaining engines during the winter months 
is consequently increased. 


Rails on the Frie.—In the year ending September 30 
1876, the Erie Railway Company laid down in its track 
9465 tons of steel rails and 7523 tons of re-rolled iron rails. 
etn 1874, when the present receiver (Mr. H. J. Jewett) 
came into office, there were only 1764 miles of steel] rail in 
the track, while there are now 341.miles steel railed, the whole 
length of the main track being 985 miles. In 1868-9, the 
company placed 34,696 tons of rails inthetrack ; in 1869- 
26,441 tons ; in 1870-1, 23,969 tons; in 1871-2, 20,174 tons ; 
in 1872-3, 25,743 tons; and in 1873-4, 18,858 tons; in 
1874-5, 19,070 tons ; and in 1875-6, 16,988 tons, as already 
indicated. The quantity of rails laid in 1875 and 1876 was 
less, it will be seen, than in some former years; this was 
due to the greater durability of the considerable emer | 
of steel rails placed in the track since 1874. The gen 
superintendent (Mr. E. 8S. Bowen) estimates that it will be 

in 1876-7 to place in the track 9400 tons of 
steel rails and 8500 tons of re-rolled iron rails. 


American Locomotives.—The Manchester Locomotive 
Works, Manchester, New Hampshire, have lately com- 
pleted 14 locomotives, 8 for the Quebec, Montreal, Ottawa, 
and Occidental Railroad, 4 for the Boston and Maine Rail. 
road, and 2 for Western roads. The Connellsville 
Locomotive Works are now running full time. 


New Zealand Iron Ore.—The Para Para Iron Company 
in the province of Nelson, New: Zealand, has decided not to 
wind up but to increase its capital by 100,0001. and to 
carry on operations. 

Railroads of Maine (U.S.).—The total length of rail- 
road in the State of Maine (U.S.) is officially returned at 
1007 miles. All this mileage is operated y 2 » except 
6% miles in the city of Po d. About 50,000,000 dols. 
have been inves in railroads in Maine; of this con- 
siderable sum, the greater part is now regarded as “‘ dead 
capital. ” 

Defence of Brisbane.—The Legislative Council of Queens- 
land has passed a resolution recommending the Government 
of that colony to purchase a battery of guns for the defence 
of the port of Brisbane. 


The Suez Canal.—In the ten days ending February 20 
this year, 59 ships passed through the Suez Canal. The 
transit revenue collected during the same period by the canal 
company amounted to 46,4001. 

The Mississippi.—Captain Eads appears to be doi 
great things at the mouth of the Mississippi. For pee. 
time _— the channel between the jetties at the South 
Pass been everywhere more than 200 ft. wide fora 
depth of 20ft. at an average flood tide, and in the middle of 
this wide channel the depth is more than 22ft. The jetties 
ve thus given a magnificent channel across the South 
Pass Bar to sea, twice as wide and several feet deeper 
Gee has ever been obtained across the South-West Pass 

al. 


Dutch Steam Navigation.—Steam navigation has been 
resumed between the Australian colonies and the Dutch 
Indies by the Dutch Indian Steam Navigation Company. 
The first steamer left Batavia February 24. 


Defence of Victoria.—Commodore Hoskins has officially 
reported to His Excellency the Governor of Victoria, 
Australia, that in his opinion the t requisite for the 
defence of the entrance to Port Phillip is a well-devised 
torpedo system. Commodore Hoskins also reports stro 
in favour of a second turret ship, the cost of which he 
estimates at 200,0001. For the defence of Melbourne and 
the river line of Hobson’s Bay the commodore recommends 
the construction of land batteries armed with the heaviest 
possible guns—18 tons at the least, or better still 25 tons. 
Commodore Hoskins further suggests that the new turret 
ship should carry 25-ton guns, and should, if possible, be 
provided with the Whitehead to lo. The Victorian Go- 
vernment ap’ to have come to the conclusion that the 
most advisable course will be to request the Imperial 
Government to appoint a Royal Engineer officer of seme 
to be stationed in Victoria for some years to advise an 
carry out works connected with the defence of the colony. 


Locomotives onthe Detroit and Milwaukee.—The receiver 
of the Detroit and Milwaukee Railroad reports that the 
cost of repairs to the locomotives on the line last year was 
4.67 cents per train mile run. The cost was tly in- 
creased by what the receiver terms the “aged and defective 
condition’ of the locomotives, scarcely any new engines 
having been purchased since 1859, and the i 
— been “in collision” have been much weakened 186tp 
this cause, 


Algerian Iron Minerals.—Another French coppatenien 
—the Collo Magnetic Iron Minerals Company—has under- 
taken the working of Algerian ironstone. Mokta-el-Hadid 
magnetic iron minerals have already acquired considerable 
reputation, and the new company expects to raise 200,000 
tons per annum. 
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THE LOAN COLLECTION OF SCIENTIFIC 
APPARATUS. 
ELEctRIciITy AND MaGnetism.—No. VIIL. 
ELECTROMETERS—(continued). 

TuE indications of all electrometers (one small 
class excepted) are produced, as we reminded our 
readers last week, by the repulsion or attraction 
which must take place between two bodies simi- 
larly or dissimilarly electrified respectively, where 
one is fixed and the other left free to move, or in 
some cases, as in the gold-leaf and pith-ball elec- 
troscopes, where both are free. 

In all the instruments which we described last 
week, the necessary electrification of both the 
fixed and movable ge was caused by the charge 
which was itself to be tested. To this class of in- 
struments Sir William Thomson has given the name 
idiostatic electroscopes. Thus in the case of Pel- 
tier’s instrument (see Fig. 2, page 179), the charge 
given to the knob is at once distributed over the 
whole system, both fixed and movable parts being 
in metallic connexion, and for the same reason they 
are similarly electrified. Repulsion will conse- 
quently take place, and the needle will move in the 
same direction whether the charge be positive or 
negative. This instrument can, therefore, detect 
the existence of an electrical charge, but does not 
in any way indicate whether that charge be positive 
or negative, This same remark applies to the gold- 
leaf electroscope, although either of these instru- 
ments, if carefully constructed with regard to insula- 
tion, will indicate the kind of electricity if a previous 
charge of a known kind be given to it. Then, while 
repulsion is taking place, if an electrified body be 
approached, the instrument will indicate by an 
increase or diminution of the amount of repulsion, 
whether the second charge to be tested be similar or 
opposite to the first. When so used, however, it 
ceases to belong to the idiostatic class of instru- 
ments of which we have been speaking and becomes 
a connecting link between it and a different class, to 
which Sir William Thomson has given the name 
heterostatic, and in which a separate charge at a 
uniform potential and of known quality is given to 
and maintained in the instrument independent of 
the electric charge to be tested. 

Of this class the earliest form is the electroscope 
of Bohnenberger, sometimes called the ‘‘dry pile 
electrometer.” In this instrument a single strip of 
gold leaf hangs vertically from the lower end of a 
brass rod supported by the cover of the apparatus 
and terminating at its upper end in a knob; 
it is in this respect similar to the ordinary gold-leaf 
electroscope. The lower end of the strip of gold 
when at its normal position hangs midway between 
two brass knobs, which are maintained the one at a 
constant positive potential and the other at an equal 
negative potential by being in metallic connexion 
with the positive and negative electrodes respec- 
tively of that kind of voltaic battery which is known 
as a dry pile, and which was the invention of De 
Luc but improved upon by Zamboni; it consists of 
several hundred discs of paper coated on one side 
with metallic silver or tin and on the other with 
manganese binoxide enclosed in a tube of glass and 
pressed tightly together, care being taken that all 
the silvered sides face one way, so that the silver of 
one disc is in contact with the manganese of the 
next, and so on to the end of the series. The knob 
in contact with the manganese is the positive elec- 
trode, while that connected with the silver or tin 
has an equal negative potential. From the con- 
struction of Bohnenberger’s instrument it fol- 
lows that, if a positively electrified body be brought 
ito contact with the knob of its conductor, the 





gold-leaf will be repelled by the positive electrode 
and attracted by the negative, and vice versd, and 
thus the quality of the electricity with which the 
body is charged will be at once indicated. An in- 
teresting historical specimen of this electroscope 
was exhibited in the late Exhibition. 
_A modification of Bohnenberger’s instrument, a 
of which is shown in Fig. 3, was designed for 
telegraphic purposes, but was never adopted. Asit is 








an important link in the chain of the development of 
the electrometer of the present day connecting the old 
gold-leaf electroscope with Sir William Thomson’s 
quadrant electrometer, it will be interesting to notice 
it here. In this instrument —— of Bohnen- 
berger’s arrangement are re two semi- 
c Itndrical insulated sondeaanes A ont B. Coin- 
ciding with the central axis of the cylinder of which 
these conductors form a is a wire C, to which is 
attached a single strip of gold leaf which is main- 
tained isnot with positive electricity at a high 
potential by being in metallic connexion by the 
wire C with the inner coating of a Leyden jar. With 
this arrangement it is obvious that any difference of 
potential between A and B will be indicated by the 
deflection of the gold leaf to one side or the other, 
and in using the instrument the bodies whose dif- 
ference of potential is to be tested are connected 
respectively with A and B. Of course the higher 
the potential at which the gold leaf is maintained 
the more sensitive is the instrument. It will be seen 
that the electrical disposition in this electroscope is 
the converse of that of Bohnenberger, the gold leaf 
having the heterostatic charge, and the symmetrical 
conductors A and B receiving the charges to be 


ted. 

Similar to this in principle, but very different in 
construction, is the original divided ring electrometer 
of Sir William Thomson, and which formed one of 
the series of instruments at South Kensington, 
contributed by him in illustration of the history and 
development of this class of instruments. In this 
electrometer the conductors co’ mding to A 
and B in Fig. 3 are placed horizontally, and form 
two halves of a flat metallic ring with a space be- 
tween them; they are much broader than the con- 
ductors in Fig. 3, but their position with regard to 
one another is similar. Above, but without touch- 
ing them, is a flat light movable conductor or 
‘‘ needle,” suspended by a fine wire attached to one 
of its ends, which is counterbalanced so as to allow 
the needle to swing in a horizontal plane round its 
axis of s' ion, which axis coincides with the 
centre of the divided ring. In its normal position 
the needle comes to rest above the s which 
divides the two portions of the ring, and it is kept 
at a high positive potential by a fine platinum wire 
dipping into sulphuric acid, which forms the inner 
coating of a Leyden jar placed beneath. From this 
description it will be clear that if any difference of 
electrical potential exist between the two portions 
of the divided ring, the needle will swing round and 
take up a position towards that portion whose 
potential is most unlike its own; in other words, it 
will be deflected in the direction of that half of the 
ring which is a with negative electricity. This 
instrument was first described by Sir William 
Thomson in the year 1856, in the Memoirs of the 
Roman Academy of Sciences,* but since that time 
a succession of improvements have been made upon it 
by its distinguished inventor, and carried out with 
consummate skill and beauty of workmanship by 
Mr. James White, of Glasgow, who has been asso- 
ciated with Sir William Thomson in the construc- 
tion of his instruments from the first. All the early 
historical instruments, both in this series and in that 
of the marine galvanometers, which we described 
in a former article, were constructed by Mr. White, 
and we believe at the present time he and Messrs, 
Elliott Brothers are without competition in the 
construction of Sir William Thomson’s electro- 
meters. 

The improvements that have been made upon the 
instrument last described, and which by a process of 
natural selection has developed into the modern 
quadrant electrometer, are as follows: (1) the sub- 
stitution of four quadrants for the two half-rings ; 
this involved (2) the “needle” being made sym- 
metrical on each side of its axis so as to swing 
round its point of suspension, which is situated at 
its centre of figure; (3) the attachment of a light 
mirror to the movable conductor or ‘‘ needle,” where- 


its deflections may be indicated by the movement | i 


a scale similar * @ ae 
employed in reflecting galvanometers ;t (4) the ad- 
dition of an electrical gauge whereby the potential 
of the needle may be tested ; and daily £2) an in- 
strument called a ‘“ replenisher” for g the 
electrification of the Leyden jar and n 
a degree of potential. 

‘ore explaining the more elaborate instrument 
it will be well to describe the simpler modification 
of it, which was represented at the Loan Collection 
by a beautiful specimen contributed by Messrs. 

* Accademia Pontificia dei Nuovi Lincei. 
+ See ENGINEERING, page 62 ante. 
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Elliott Brothers, of which Fig. 4 is an illustration 
and Fig. 5 a di of its connexions, This 
electrometer is identical in electrometric construc- 
tion with the more com instrument, but being 
without the accessories of the latter, its principle 
will be more easily explained. 
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The fixed conductors, the difference of whose 
tentials it is the object of the instrument to in- 
icate, are four hollow eee of brass sym- 
metrically arranged round a common centre. A 
fair notion of their construction and disposition may 
be formed, by imagining a round flat box of brass 
having a circular hole at the centre of its top and 
bottom sides, being sawn asunder through two of 
its diameters at right angles to one another, and the 
quadrants thus produced being mounted upon four 
insulating pillars, so that their tops lie in the same 
lane as before, but are separated from one another 
4 air spaces of about a quarter of an inch wide. 
hese spaces are exaggerated in the sketch for the 
P » of rendering the construction more clear. 
ithin this hollow divided box, and midway be- 
tween its top and bottom sides, is supported by a 
bifilar suspension of cocoon silk a flat needle of 
aluminum foil of the ‘‘dumb-bell” shape shown at 
N (Fig. 5), and carrying above and rigidly attached 
to it a light slightly concave mirror shown in Fig. 4, 
by which any angular displacement of the aceiie is 
indicated by the movement of a spot of a upon 


ascreen, On reference to Fig. 5 it will be seen 
that the quadrants diametrically o to one 
another are connected together, thus A and C are in 


electrical communication by the wire W, and B and 
D by the wire W'. These wires are respectively con- 
nected to the two electrodes of the instrument which 
project below it and are seen to the right of the 
stand in Fig. 4. Thus one electrode isin metallic 
connexion with the quadrants A and C and the other 
electrode with the quadrants Band D. The needle 
is maintained at a high positive potential, — 
communication by a fine platinum wire dipping into 
strong sulphuric acid which forms the inner coat- 
ing of a den jar, the outer coating being tin- 
foil and in communication with the earth. The ter- 
minal under the stand to the left of the figure is for 
charging this jar, which may be done by an electro- 
phorus, replenisher or other electric generator. The 
use of the sulphuric acid is twofold; being an ex- 
cellent conductor of electricity it serves as a com- 
paratively frictionless between the inside 
of the jar and the needle; and from its powerful 
affinity for water it keeps the whole of the instru- 
ment dry and therefore the insulation good within 
the glass case—a very important point in all electro- 





static experiments. 
The bifilar suspension is so adjusted that when 
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there is no difference of potential between the main 
electrodes, the needle comes to rest in the posi- 
tion shown in Fig. 5, that is to say having its 
central or medial line over the centre of one of the 
which separate the quadrants, and when the 
needle is in this position the spot of light is on the 
middle or zero point of the scale. Should, however, 
there be any difference of potential between the 
two electrodes, that is to say between W and W’, 
a displacement of the movable conductor must 
take place. If for example W have a higher posi- 
tive potential than W’, then the quadrant A will 
have a higher potential than B, and that end of the 
needle which is between them will be urged from A 
towards B—from the place of greater towards that of 
lesser potential—and similarly C will be at a higher 
potential than D, therefore the opposite end of the 
needle will be urged from C towards D. e 
needle will uently experience a ‘ couple” 
turning it round its vertical axis in the direction of 
the motion of the hands of a watch; should, how- 
ever, the potential of W' be than that of W 
the movement of the needle will be in the opposite di- 
rection. In either case its two ends being driven from 
the positive quadrants towards the more negative. 

In using this instrument the two outside electrodes 
are connected respectively to the two bodies whose 
difference of potentials is to be tested, such, for 
instance, as the two poles of a voltaic cell or battery. 
It is, however, more generally applied to the 
measurement of the electrification of bodies, or more 
correctly speaking the difference between their 
electrical potential and that of the earth. When 
employed for this one of the electrodes is 
placed in communication with the earth and the 
other with the body under examination, and the 
movement of the spot of light teovessing the divided 
scale measures the intensity of the electric forces 
turning the needle, and, therefore, in an arbitrary 
unit, measures the difference of potential between 
the electrodes of the instrument. 

In order to eliminate errors which might arise 
from the disturbing electrical influences of external 
objects the instrument is usually provided with an 
enveloping of wire, not shown in the sketch, 
kept in connexion with the earth, and, therefore, at 
a uniform potential. In this enveloping conductor 
external electrical influences lose themselves in a 
way analogous to that in which outside magnetic 
disturbances are lost in the soft iron casing of the 
ironclad galvanometer* described in a former notice 
in this journal, 


HIRN’S THERMODYNAMIOS. — No. ITI. 
Dgcomposition OF THE EXTERNAL AND INTERNAL 
Work nvro rHerr Dirrerent Factors. 

In the general equation 

‘O-K t+A (H+F) 
we now know the nature and value of K the-abso- 
lute calorific capacity. H and F remain for deter- 
mination. 

F is the external work depending on two factors, 
the apparent. volume, whose total variations repre- 
sent aspace traversed by a given point, and a pressure 
P from without inwards tending to diminish the ap- 

t volume V, and, therefore, eet to the 
eat force. As both P and V are v les F is the 
integral of the complete differential 
F=/(PadV+V4P); 
also the internal work may be represented by 
H=/(R dv+vad RB), 
R being a resistance, o a space. Hence the original 
equation, which is true independently of any hy- 
pothesis as to R, o, P, V. 

L. The Atomic and Interatomic Volumes of Bodies.— 
The existence of a material atom is certified by the 
law of Dulong and Petit, and the corollary of 
Weestyn. The atom admitted it would appear that 
the reality of an sac atomic volume must 
follow. M. Hirn has treated in his Anziyse elémentaire 
de P Universe, on the arguments for pee pone a the 
unlimited divisibility of matter, and for and against 
the immutability of material atoms. 

In physics the law of variation of volume with 
temperature is oom by ¥ equation 

= +at), 
a being the coefficient’ of ion and V, the 
ores 0 deg. C. Itis hcabee Shek @ is not con- 
stant, it diminishes slowly with the temperature, 


Mite ies tho bighass conlictaad of sxpaied 
i ient ion, it is 
.0000176 about between —7 deg. and — 27 deg. if the 
pre rp ray es could diminish tely then we 
ve 








whence 
—t= deg. 
The absolute zero is, however, — 272.85 deg., and 
hence the apparent minimum volume of ice is at 
least 


V=V,, (1— .0000176 x 272.85)=.9952 V- 
This also applies d fortiori to all solids. 

The question of the possible existence of an elastic 
atom is thus treated. Let a, be the volume of an 
atom at absolute zero under pressure P,, and as- 
sume that when 

P\>P,, then 2] <= %>: 
By hypothesis ° mf : 
= @, ’ 
and if we gradually diminish P, to P,, so that «, be- 
comes @,, the external work which must be per- 


formed is, 
P, 
= av 
~ Bs , 


But at the absolute zero this work must be per- 
formed without possible fall of temperature, and 
without expenditure of heat. The hypothesis of an 
elastic atom, or of the variation of the portion con- 
stituting the mass of bodies thus contradicts either 
the absolute zero or the first proposition of thermo- 
dynamics. 

The body is assumed at the absolute zero an 
unattained, probably unattainable, point, but this 
assumption is not required. Admit that the varia- 
tion of volume is a function only of the pressure, 
which must be if the atom can be reduced in volume, 
or simply modified in form, and it follows there is 
work without expenditure of heat, 

Hence we arrive at an unchangeable a/omic volume 

~).. But every body changes in volume, hence we 
obtain (V—.~))=v, a variable quantity the inéer- 
atomic volume. 
Il. Resistance or Internal Pressure of Bodies.—The 
idea of internal work is connected with that of an 
internal permanent resistance, and easily accepted 
in the case of solids, less so in that.of liquids, and 
still less with regard to gases. This resistance, 
however, costs six-tenths of the heat required to 
raise a unit of water a unit of temperature, 

In a liquid or gas, each atom or molecule. is free 
among the rest, and no direct mechanical process 
can give any idea of their tendency to one another. 
The resistance to the motion of a solid in a liquid 
depends on the mass of liquid put in motion in 
the displacement, and is no greater at a sea depth 
of, say, 8000 metres, or under a pressure of 800 at- 
mospheres than under | ; to this external pressure 
an internal one of 20,000 atmospheres might be 
added without changing the state of things, In 
solids each particle, besides its tendency to approach 
any other, takes also a determinate position among 
the rest. This is chiefly evident in crystals, but 
also takes place in amorphous solids, 

From these considerations it follows that the 
molecular attraction which we have been accustomed 
to consider as little or nullin liquids and gases, may 
have a considerable magnitude. 

We have no right, however, to consider that the 
action in a liquid is of the same amount on.all its 
molecules in all directions, or that it is the same in 
a chemical compound as in a mass of similar mole- 
cules... The product a c varies in simple and com- 
pound bodies, and the difference is due to internal 
work. Assume steam, we have no reason to suppose 
that it costs more heat to modify the temperature 
of each molecule than that of all the molecules which 
form the volume of the vapour, With regard to the 
internal work, the centres of gravity of the molecules 
will move out with rise of temperature, but we have 
no right to state @ priori that each group extends 
according to the same law as the combination of 

nor that the heat consumed in the variation 
of the distance of the atoms of each group, is the 
same as that required for the variation of the dis- 
tance of the centres of gravity. 

In other words R cannot considered as a ho- 
mogeneous quantity, and the sum of the internal 
work H takes the form H=/R do+fR' do'+&e. 
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A Practical Treatise on Coal-Mining. By Gzoraz G. 
Anprk, F.G.S., Assoc. Inst. C.E. © volumes. 
a tee and New York: E. and F.N. Spon. [Price 

In his preface to the work before us, the author 

comments upon the fact that notwithstanding the 

position of this country as the largest producer of 
coal, English mining literature is agit scant, 
and he observes that whereas in France and Germany 
practical works on coal-mining have long since been 
published, “ it cannot be said that a complete treatise 

** on coal-mining exists in the English language.” To 

mupply the want thus existing is the task which Mr, 

André has attempted to perform in the book under 

notice, and he has produced a work which, although 

not free from faults, is yet a valuable contribution 
to this branch of scientific literature. 

Mr André’s work is divided into two volumes, of 
which the first contains five chapters, devoted re- 

tively to ‘Practical Geology;” ‘Coal, its 

currence, Composition, and Varieties ;” “ Search- 
ing for Coal ;” “ Shaft-sinking;” and “ Driving of 
Levels or Narrow Work ;” these chapters being 
illustrated by thirty-six lithographic plates. Of the 
first of these chapters we need only say thatit is well 
described by its title, it having been written specially 
to suit the requirements of the mining engineer. 
In the second chapter the author first describes 
the coal measures and proceeds to give particulars 
of the different varieties of coal with their qualities 
and directions for = approximate analyses, 
while in the third chapter he treats first of the en- 
gineering and commercial questions bearing upon 
the search for coal, and then proceeds to give an 
account of the mode of practically carrying out 
such a search, In connexion with this branch of 
his subject Mr. André describes various boring ap- 
pliances in considerable detail, the simple arrange- 
ments of boring tools and apparatus being first dealt 
with, while subsequently an account is given of 
special systems of boring, such as Mather and Platt’s, 
and boring with the diamond drill. 

Shaft-sinking, to the consideration of which the 

fourth chapter is devoted, is also dealt with in con- 

siderable detail, a description being first given of 
the tools employed, and our author next proceedin 
to treat of blasting and of machine rock drills. Wit 
respect to these latter Mr. André lays down a series 
of conditions which an efficient rock drill should 
fulfil, and in the course of his remarks he deprecates 
excessive speed for such drills, and recommends that 
such wr velocities as very high speed machines 
ive, should be renounced in favour of a great mass 
in motion at a lower velocity. He also points out 
the important loss contingent upon the interposi- 
tion of a loose tool between the rock and the strik- 
ing partjof the machine. The Dubois-Francois, the 
Sachs, the Burleigh, the Kainstomon, the McKean, 
the Ingersoll, the Darlington, the Warsop, and the 
diamond rock drills are next deseribed, illustrations 
being given of all these machines except that last 
méntioned, while next come some remarks on bor- 
ing bits, &c., and then our author proceeds to deal 
with the employment of apr air as a trans- 
mitter of parts In treating of this portion of his sub- 
ject Mr. André has drawn largely from Continental 
sources of information, and he describes the air com- 
ressorsat the Sarrebruck collieries, at the St, Gothard 
el, and at the Blanzy and Ronchamp collieries, 
illustrations being given of these various arrange- 
ments, Sturgeon’s cg ta compressor is also 
described and illustrated, while some pages are also 
devoted to the various accessories of compressed air 
machinery. The next portion of this lengthy 
chapter treats of explosive compounds for mining 
oe gunpowder, nitro-glycerine, dynamite, 
ithofracteur, Horsley’s powder, Brain’s blasting 
powder, gun-cotton, and cotton gunpowder being 
successively dealt with, and an account being then 
given of the modes of carrying out blasting opera- 
tions, 

Next we have a second section of the fourth 
chapter devoted also to shaft-sinking, and relating 
to the choice of the form and dimensions of shafts, 
and the practical operations of sinking ; accounts 
being given of the nts ma of lining —_ 

carrying out of sinking operations, a p- 
fon of the Kind-Chaudron system being included. 

The concludes with a description of two 

examples of shaft-sinking, executed as long ago as 

1829 and 1838, these being both interesting from 

special circumstances connected with them ; it is to 





be regretted, however, that Mr. André did not 
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supplement these descriptions by equally detailed 


accounts of more modern examples of shaft-sinking | 


operations. 

The fifth chapter treats, as.we have said, of the 
driving of levels, and it deals with its subject in con- 
siderable detail. We may remark, by the way, that 
this chapter, although commencing in the. first 
volunie: terminates in the second, the ination 
being continuous in the two volumes, Of course 
this division of a chapter is of no practical import- 
ance, but the appearance of the book would have 
been improved had the whole of the chapter been 
included in one volume instead of the last page of 
the first volume ending in the middle of a sentence. 
We mention this because the work has evidently 
been got up by the publishers with considerable 
regard to appearances, the typography being par- 
ticularly good. 

The second volume we find contains ten chapters 
illustrated by forty-eight plates, the first of these 
chapters (Chapter VI.) being entitled ‘“‘ Systems of 
Working,” and containing descriptions of the 
‘+ post-and-stall” and “long-wall” systems. The 
next chapter treats of ‘Getting the Coal,” and 
commences with detailed instructions for peer 
out the long-wall system, and accounts of speci 
methods of working thick and thin seams, whilst 
subsequently the details of post-and-stall working 
are considered, and some notes on coal-cutting 
machines bring the chapter to a conclusion, We 
notice that the Winstanley and Barker coal-cutter, 
and the ‘* economic” coal cutter of Messrs. Warso 
and Hill are alone described, but nothing is sai 
of many other machines which have done fair work, 
nor is anything said of hydraulic appliances for 
wedging down coal, some of which have been used 
with success. 

Chapter VIII. deals with the important question 
of haulage, an account being first given of the tubs 
used for underground illustrations bein, 
given of the chief forms of tubs used both here an 
on the Ss Next es {fea — ibes Revs 
permanent way for mines, modes of working 
inclined planes and systems of'haulage. In treating 
of the tail-rope system, our author quotes y 
from the exhaustive report made a few years since 
by a commission appointed by the North of Eng- 
land Mining Engineers, to consider the question, 
the sketches which illustrated this report being also 
reproduced, 

he next chapter treats of winding, the construc- 
tion of guards, cages, and pit-head gears being first 
described, and the author next treating of ropes 
and winding engines. Considering the detail with 
which Mr, André has, in his treatise, gone into most 
matters connected with coalmining, it is to be 
regretted that he did not.in the chapter now under 
notice include descriptions of a couple of good 
examples of winding engines of different types, to- 
gether with details of ‘the foundations, &c,; Mr. 
André’s remarks on the proportions of engines and 
boilers are somewhat crude, and include some care- 
less writing. For instance, he speaks of the 
‘*‘ motion of the piston” being rendered uniform by 
‘the momentum of the flywheel,” whereas he, of 
course, means that the action of the flywheel is to 
give uniformity of rotation to the crankshaft. His 
calculations of boiler power too are all founded on 
the supposition that steam of a uniform pressure 
is admitted to the engine cylinder throughout the 
stroke, while in the worked out examples which 
have been given to illustrate his rules, he has made the 
mistake of using absolute steam as if they 
were pressures above the atmosphere. In a calcu- 
lation which he gives also as an example of how to 
ascertain the diameter of cylinder for a winding 
engine to lift a given load, he makes the extraordi- 
nary error of not taking into account the diameter 
of the winding drum, his calculation as worked out 
only applying to a case in which the surface speed’ 
of the drum is the same as the piston b me 
mysterious coefficients which he introduces to allow 
for the obliquity of the connecting rods are also, to 
say the least of it, open to question, Altogether 
pre ne o in which Mr. André treats of boilers 
and winding engines is exceedingly unsatisfactory. 

Chapter X. treats of drainage, and in it oes 
author treats of pumping machinery, but with many 
of his observations we cannot agree. Thus we differ 
from him in considering that the best lift for a pump 
valve is in all cases one-fourth the diameter, and we 
think that in making this statement he must have 
overlooked the fact that it is by no means always 
desirable to work the valves with such a lift as 


would give the maximum water-way through them. 


The influence of the weight of valves in. securing 
their proper action is also not Rroperly taken into 
account. A description of the Cornish engine and 
of Mr, Henry Dawey’s compound differential pump- 
ing engine are included in chapter. 

e next chapter deals with ventilation, and in 
it our author treats of the subject generally. Me- 
chanical ventilating appliances, however, are dealt 
with very briefly, the Guibal fan being the onl 
arrangement described. Chapter XII. deals with 
incidental operations connected with mining and 
includes remarks upon lighting the mine, boring 
for water, and the extinction of underground fires, 
whilst Chapter XIII. treats of surface works, such 
as engine-houses, coke ovens, miners’ dwellings, &c., 
and Chapter XIV. of the general duties of an 
engineer-in-chief of a colliery. Lastly, we find a 
chapter devoted to the characteristics of the coal- 
fields of Great Britain and America, the latter coal- 


fields being, however, dealt with very briefly, | 7;, 


little more being given than their approximate area. 

We have now completed our review of Mr. 
André’s book, and we may repeat what we said at 
the commencement of the present article, namely, 
that although not free from faults—and very few 
books are—it is - a work of considerable value, 
the more so as it fills a place previously left 
vacant in English technical literature. Altogether 
Mr. André’s volumes should find a place in the 
libraries of all students of mining, and they will be 
found especially useful to young mining “y weer 
when entering into practice. As we have y 
stated, the publishers of the work have done their 
part well, volumes being of a convenient size, 
while the phy is excellent. Of the plates 
we cannot speak so highly, but if the style in 
which some of them are drawn is not so effective 
as could be wished for a work otherwise so well got 
up, they are clear and serve their purpose of illus- 
trating the text. 


The F 
. Poi 
ce 

though somewhat late in its appearance this 
oe will no doubt be welcomed by the members 

the Society to which it belongs, as it is one of 
more than ordinary interest, Commen with a 
record of the proceedings of the Society, 
the President's: address, the aon 
ceeds to give abstracts of the lectures delivered 
the Society, these being one by Mr. Henry Handy- 
side on his mode of working steep gradients on rail- 
ways, and one on porcelain and manufacture 
in Cornwall, by the Reverend C. E. Collins. 
Next come descriptions of the principal exhibits at 
the Society's annual exhibition of the year to which 
the report refers, and then follow some papers, the 
first being an interesting one by Mr. Joseph Gar- 
land on ‘*Phosphorite Mining in Nassau.” Mr, 
James Q. Dunstan also contributes a paper on the 
prevention of influx of water into the boiler com- 
Sonat of steam vessels—an important subject ; 
aptain G. L, Sulivan, R.N., a brief one on gum 
copal, and Mr, F, Clark, a * Note on three sections 
‘of lead districts in Cornwall, showing the produc- 
“¢ tive and unproductive rocks,” 

The chief feature of the volume, however, is un- 
doubtedly an excellent memoire on ‘Cornish Mine 
Drainage,” contributed by Mr. 8, Michell and Mr. 
J. T. Letcher. This essay, which occupies 84 

s of the book under notice, was awarded the 
first silver medal of the Society, and we are glad to 
learn that it is to form portion of a larger work 
which the authors have in contemplation. 
mencing with a statement of some historical facts 
bearing upon mine drainage, Mr. Michell and Mr. 
Letcher proceed to deal next with the construction 


of a rods, the subject being treated in a 
thoroug practical way, and illustrations being 
given of the various details, such as rod plates, set- 


offs, &c. Next come sections treating respectively 
of plungers, stuffing-boxes, Hl and knee pieces, wind 
bores, pumps, cisterns, yokes, &c., and these are 
followed by a detailed account of the various valves 
in use in mine pumps with notes on their respective 
advantages and disadvantages. Our authors divide 
valves into seven classes as follows: (1)’clack valves ; 
(2) clack valves with contrivances for facilitating exit 
of water; (3) metallic valves, single beat valves 
with perpendicular movement ; 4 metallic valves, 
double beat valves with perpendicular movement ; 
©) metallic valves, treble beat valves with perpen- 


cular t; (6 tallic valves, 
valves erent 8S Meret Wea try tod: 





rubber valves, Of each of these classes of valves 





see omg aig ers 


several examples are described and illustrated, while 
a Saar deal of useful information is given as to their 
behaviour in practice. Following the notes on 
valves come descriptions of other pump details, such 
as brackets, clack-seat pieces, &c., air vessels, balance 
beams, &c., while the authors conclude their essay 
with a brief exposition of the principles which should 
govern the design and arrangement of. pumping 
machinery. Altogether the memoire is a thoroughly 
practical one, and Mr. Michell and Mr, Letcher are 
to be congratulated on the manner in which they 
have performed their task, We hope at some future 
date to see a more extensive work on mine machinery 
from the same hands. 





Works in Iron. i and Structures. Ewin 
Maruxezson, Mesh tees, With Exam: ey Struc. 
tures made and erected by Andrew Hand: and Co. ; 


London and Derby. Second Edition: London and N 
York; E. and TN. ice lds. } fas bi 
ged edition of a work 


is the second and enlar, 
which we had occasion to review favourably nearl 
four years ago (vide page 349 of our teenth 
volume), and as on that occasion we gave a full 
account of the scope of the work, we in the 
present notice confine our attention chiefly to the 
additione which characterise the new edition. 

The earlier portion of the work is devoted to re- 
marks on the characteristics of cast iron, wrought 
iron, and. steel, and to information ing the 

ualities and cost of these materials. Here we find 

t Mr. Matheson has extended his di of 
fluctuations of iron prices so as to include ear 
1876, while his remarks on steel have been £ 
to accord with the progress which has been made in 
steel manufacture since the first edition of his book 
appeared. 

A gropiaens feature in the volume is the series 
of brief descriptions given of completed works o 






of framing specifications, Mr, Matheson’s 
book will be of much value, while it contains also a 
variety of information about carriage by land and 


sea, insurance, &c., which is so often required and 
so seldom to be turned up when wanted. er 
the volume is one which should be found in every 
engineer’s office. When reviewing the first edition 
of the book before us we had occasion to praise the 
admirable typography and the excellence of the 
numerous engravings interspersed throughout the 
work, ‘This praise we are glad to notice is equally 
deserved by the second edition? which is got up in 

ghly creditable to all engaged in its 


The Industrial Classes and Industrial Statics. G. 
Putters Brvan, F.G.8. Mining, Metals, Chei , 
Ceramics, Glass, and Paper. With Maps. London : Ead- 

Stanford. [Price 3s. 


ward 
This is the last of the es of British: Mining 


say, that 
most of: its 
interest, and reserved as a convenient book of re- 
ference. 
| Within its somewhat-narrow limits it is of course 
impossible to deal) at considerable length with any 
of the numerous: branches of industry referred to 
in it, but the author has condensed his information 
so successfully that the book contains scarcely one 
sentence. Although the manufactures, 
are very numerous, 
indeed, than would 


from the title-page; there yet remain very many 
untouched, and form the contents of 
a second volume; 


the book, the one showing by different coloured 

areas the positions of the various mining and me- 

tall industries of the country, and the other 
manufactures. 








the centres of different : ; 
* By permission of Mr, we 
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THE PENNSYLVANIA RAILROAD. 
No. XI.—Brinaes. 

Tue Pennsylvania Railroad Company has always 
maintained a high reputation for its bridges. Thirty 
years ago, when the construction of this road first 
commenced, iron railway bridges were almost un- 
known in America, and all of the bridges on the 
eastern part of the line were constructed of timber, 
and in some cases for short s of stone or brick. 
That portion of the road between Altoona and 





Pittsburgh, however, being a few years later in its 
construction, dating from 1851 to 1853, iron bridges 
were erected when the line was first opened, and 
the Pennsylvania Railroad may therefore be justly 
said to be ang Se pioneers of iron railway bridge 
construction in the United States. At this time its 
eastern division was in active operation, and large 
repair shops for cars and locomotives had been 
erected at Altoona. hyd sag eed the iron —— 
uired were prepar e Engineering Depart- 
aoe of the PS y at Altoona, and built in the 
shops at that p ace. They were what are denomi- 
nated deck bridges, having the track on top, and 
were construc on the Pratt principle, having 
cast-iron upper chords of the inverted U form, cast- 
iron vertical posts, and wrought-iron lower chords, 
inclined ties, and counters, A cast-iron arch was 
also introduced, the thrust being taken by the lower 
chord of the truss. The truases were well braced 
together with diagonals and with both upper and 
lower systems of laterals, The floor system consisted 
of white pine timber cross floor beams of 7 in. by 14 in. 
section, placed 2} ft. apart to centres, with white oak 
track stringers of 5 in. by 12in. section under each 
rail, The bridges were calculated for a moving load 
of one ton per foot lineal for each track, and a limit- 
ing working stress of five tons per square inch for 
wrought iron in tension, the rods with screws not 
being made heavier at the threac, and no account 
being taken of the fact that the section there was less 
than in any other part of the rod. The truss was 
calculated independently of the arch, which was 
merely added as an extra precaution, the weight 
being thrown on to it by means of lugs on the ver- 
tical posts, Bridges of the same type, with various 
minor improvements in detail, were introduced on 
the other parts of the road during the next ten to 
twelve years in place of wooden bridges. The spans 
of these bridges varied from 65 ft. to 110 ft. The 
traffic of the road increased very much, however, 
heavier engines were introduced, and the moving 
load of one ton foot lineal of each track for 
which these bridges were calculated, became too 


light. The principles of construction of the bridges 
also, although perhaps fully up to the experiences 
of that time, were open to many objections. The 
use of cast iron, especially when subjected to cross 
strains as in the upper chord, although in very 
short lengths, was undesirable, notwithstanding that 
its quality was very excellent, and on an — 
much tougher and of higher quality than generally 
obtained in England. e system of ties and 
counters in each panel of the truss, necessitating 
adjustment from time to time, and the combination 








THE FORTIETH-STREET BRIDGE, PHILADELPHIA. 


with cast-iron arches, were also objectionable fea- 
tures. It was considered prudent, therefore, in 
1868-9, to replace some of the oldest of these 
bridges with new structures, and as a number of 
them had spans of the same length, to use the trusses 
taken out to double up others, that is, two trusses 
were put in place of one, really doubling the strength 
of the remaining bridges, and after their long use in 
their original condition, giving by this means a full 
insurance of strength. In this way all the bridges 
of this type west of Altoona, the oldest on the 
road, and some later ones on the Middle Division, 
were disposed of. Bridges of the same principle of 
construction, but more heavily built and possessing 
improved details, are still in use. Some of these 
will be replaced and doubled up during the present 
year, and it is the intention to go on with the work 
until all are finally replaced. ‘This of bridge was 
built during the period from 1851 to 1861. At the 
same time solid rolled J beams of various depths were 
used for bridges of small spans from 10 ft. to 20 ft., 
and built beams up to 30 ft. openings, Girders con- 
structed of boiler plate and angles, and denominated 
boiler plate bridges, were for spans of 30 ft. to 
65 ft. These were not constructed as box girders, 
but were built in the IJ form, a single web being 
used rivetted by angles to top and bottom flanges, 
with cast-iron vertical struts placed at frequent in- 
tervals on each side of the web, each pair being 
bolted together through the web, and acting to 
stiffen between the flanges, and to take the com- 
pressive shearing stress. 

In 1861, Mr. J, H, Linville, now president of the 
Keystone Bridge Company, and then engineer of 
bridges and buildings to the Pennsylvania Rai 
Company, designed a new plan of bridge still on the 
Pratt system, but with entirely different details, and 
built the bridge over the uylkill river on the 
Delaware extension of the road in Philadelphia. 
This bridge consists of three spans of 192 ft. each, 
the centre one being a pivot or draw span. The 
fixed have cast-iron upper chords, wrought- 
iron hollow cylindrical posts, and weonght-ieen ak 





lower chords with pin connexions, these lower chord 
links being fo into form and drilled for the 
ins at the ends. The ties and counters are arranged 
in two sets, forming what is termed a double inter- 
section truss, and are formed with a pin connexion 
at the lower end, and screw and nut with angle 
block at upper end on top of the upper chord. 
The pivot span has wrought-iron upper and lower 
‘hicks built in the box form of rolled I beams and 
tes, The pivot was furnished by Messrs. Wil- 
fiam Sellers and Co., of Philadelphia, and was con- 
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structed with anti-friction rollers on the same 
principles as their noted turntables for locomotives 
are built. The pivot works by hand power, and 
two men are generally used to open and close the 
bridge, although it moves so easily that it can be 
accomplished by one man. Several bridges of the 
same kind as this Schuylkill bridge, with the excep- 
tion of heavy cast-iron posts, were erected at different 
points on the road during 1861-62. A modification 
of this plan was adopted for deck bridges, wrought- 
iron I beams being placed on both sides of the top 
chord of each truss, not taking any compression 
through the system of the truss, but employed only 
to carry the floor beams above, and only to resist a 
cross strain from them. A number of bridges of 
this form were built and erected on the road as late 
as 1867. Of course there were many modifications 
of plans depending upon the particular require- 
ments of special localities, length of span, &c., 
almost every bridge on the road ing in some 
particulars, but we are speaking of the general 
Goaig ~ = Pom In 1865, the De — of 

ridges an ildings passed into the charge of Mr. 
Joseph M. Wilson, who had previously en resi- 
dent engineer of the Middle Division, and he still 
fills the position. 

In reference to the open truss bridges continued 
efforts were made to improve the designs, not only 
in details but in form of truss, and to attain a plan 
of bridge that should not require repeated attention 
from the repair men in the way of adjustment, as 
was necessary in any system with diagonal ties and 
counters in the same panel. A triangular system 
was what was required, and the point was to adopt 
a form that should be desirable theoretically, at the 
same time that it gave good practical and econo- 
mical details in the connexions of the members, re- 
ducing the number of places liable to derangement 
from loosening of nuts, &c., to a minimum. The 
use of wrought iron to the exclusion of cast, and 
pin connexions in both upper and lower chords, were 
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adopted as a first move in this direction, and in 
1869 two bridges were built on the triangular 
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AMERICAN IRON AND STEEL WORKS.* 
No. I 


oO, Li. 
By A, L. Howey and Lenox Surru. 
An ANALYsIS OF THE AMERICAN Bessemer PLANT, 
ILLUSTRATED BY THE VULCAN Works. 

Il. Facilities for handling Material and Product, 
and for Repairs, in the Converting Department.—The 
most important objects in the arrangement of this de- 
partment were to provide the largest possible working 
space around a large pit, by placing the vessels 4 on 
one side rather that on opposite sides of it, and thus 
make room for three ingotcranes, /, /, 2, of wide reach, 
around the pit, and to make this working-room as 
far as possible on the general level by means of 
raising the vessel centres 12 ft. above the general 
level, 80 as to avoid the inconvenience, both in steel- 
making and in repairs, of working men upon and 
transferring materials to several pit levels ; and also 
so as to make a floor on the plane of the vessel centres 
which will not interfere with the working - floor 
around the vessels on the general level, It may 
here be observed, with regard to making various 
levels and stories, in Bessemer works, that while 
they facilitate operationsin one place they trammel 
them in another place; that while in the cupola 
house, as we have seen, it is advantageous to have 
a number of floors by means of which the metal may 
be treated during its descent by gravity, and that 
while in the converting house, as we shall see, it is 
advantageous to have a floor all around the vessels 
and another under them, it is inconvenient and 
wasteful in every respect to have any level in the 
casting department other than the shallowest pit 
whichis compatible with safety. 

‘These statements demand perhaps some detailed 

xplanation. 

irstly. The pit is the scene of the most laborious 
operations, and it is exposed to the highest 
heats; in fact, itis here that the greatcr part of the 
manual labour is performed. The pit should, there- 
fore. on every account, be provided with all prac- | 
ticable conveniences, however small the output ; | 
but when it has to receive 40 or 50 sets of moulds, 
and to discharge all these moulds and as many 
ingots, together with all the vessel and ladle slag, 
every 24 hours, it becomes a very serious question 
how to provide, by ‘any means, the necessary 
facilities, within reach of two vessels. It was 
assumed, in the design of the plant, that the neces- 
sary vessel power would be provided for a very 
large output, in one way or another, by removing a 
vessel bodily and setting in a newly-bottomed one, 
if no simpler means could be found. Fortunately 
simpler means were found. Melting capacity was 
only a question of more furnaces, if a few furnaces 
could not be made to do the work. Fortunately a 
few furnaces were made todo the work, Sothat, in the 
design of the plant, the all important question was 
how to ¢e take care of the product as fast as it could 
be.converted, or: in other words, how to furnish 
adequate pit facilities, The often suggested plan of 
setting the moulds for a charge on a car, dragging 
the car itito the pit to receive the charge, and then 
pulling the whole apparatus out into another build- 
ing to remove the moulds and load the ingots—this 
duplication of machinery and labour could not be 
thought of, seeing that the least money must be 
made to do the most work. So it was determined 
simply to adhere to Mr. Bessemer’s original and ex- 
cellent idea, only to enlarge its range and to omit its 
numerous defects in detail; the result —taking care 
of 350 tons of ingots a day in one pit—has justified 
this conclusion. The most obvious improvements 
were these: 1. To set the vesselsin such a way as to 
make working room around two-thirds of the pit 
instead of around less than half of it, and thus to 
work three cranes over it advantageously instead of 
two—all this with an increase rather than a diminu- 
tion of the vessel conveniences. 2. Raising the 
standing around the pit up to the general floor; in 
other words, making the pit merely & shallow de- 
pression to protect the men from the fluid steel in 
case of a burst mould, and also to keep down the 
tops of the moulds to a convenient height. All the 
operations except guiding the mouldsand bottoms 
to their places in the pit, are done by men standin 
on the general level. An important advantage o 
the raised pit is the aiecensl lift of moulds and 


* In the course of this series of articles, frequent re- 
ference will pore ng de made tothe exhibits of various 
steel manufacturers in the United States,-at the recent 
Centennial. Exhibition, and some of which were not 
noticed in the brief review of American Iron and Steel Ex- 





ingots. 3. The ventilation of the pit is made com- 
plete, not only by its shallowness, but by the fact 
that the ground floor is substantially open to the outer 
air on the four sides, ‘The wide gangway r, Fig. 5 
(see page 209) extends from end to end of the cupola 
house behind the vessels, and there is the other way, 
the gangway i, 12 ft. wide, so that acurrent of wind 
from any direction will sweep over the pit. The 
space back of the vessels, instead of being ob- 
structed by solid wails, is only broken by the narrow 
piers which support the side of the building and the 
vessel” ; there is head room under the 
vesselg.and their appurtenances. 4. The radius of 
the ingot cranes is enlarged to 22 ft., so that they 
command a very large for moulds and for 
loading in and at the same time they command 
the ladle vessels, and the vessel-bottom 
cars and ovens, all of which are not in the way of the 
necessary ingot and mould room, The ingot cranes 
have fop supports inthe roof, and are stepped on 
water of revolving on rollers, which largely 
decreases their friction, and facilitates their work. 
5. The ay for removing ingots, without having 
inconveniently short curves, runs under all three 
ingot éranes, and under the auxiliary crane s, Fig. 2. 
(Vide the two-page engraving published by us last 
week.) 6. The débris from the vessels and ladles, in- 
stead of being dumped into the pit, to be shovelled 
out again at great cost, may fall directly into a slag 
wagon on the general level, and be hauled away an 
dumped without ever touching the ground in the 
converting works, 7. The ladle-crane jib is quickly 
run in and out by hydraulic power, so that the 
moulds do not have to be set in an exact circle, 
with great care; the nozzle can be instantly shifted 
over them. 8. Bottom casting (which will be 
farther referred to) greatly facilitates the pit opera- 
tions. 9. In making 40 or 50 blows a day there is 
no time to heat ladles while they are in the ladle 
crane; they are grouped on standards under the ingot 
crane /', Fig. 2 {the vessel bottoms being dressed 
under the opposite crane), and are here heated either 
by fires in little furnaces beneath them, or better, 
by fires built in them, and urged by downward air 
jets by means of a hose from the blowing engine. 

Secondly. The two pry | levels and the general 
arrangement of parts about the vessels, are intended 
to facilitate their operations and their repai The 
vessels, their rotating gear, and the 11} ft. platform 
at their centres, are upheld by eight iron columns 
(see Fig. 6), two of which conduct air to the trun- 
nions, ‘Thus the space under and around the vessels 
on the general floor, is not only uninterrupted by 
walls, but it includes the 12 ft. wide gangway rr 
(Fig. 5) in the melting house. The trunnions of the 
vessels are supported a lying on the columns, 
so thaty¢ither vessel bottom can be pulled out 
laterally: utider the beams, in either direction, to 
spaces @n the general floor which are commanded 
by twoecranes. Were the vessel bottoms run out 
into the pit, they would interfere with casting ope- 
rations; ‘were they ran out to the rear, they would 
require @ separate tem of cranes, turntables, 
and apparatus for their handling and repairs; but 
by running out laterally, their movement and re- 
pairs utilise existing cranes and spaces in the con- 
verting house not otherwise required, By means of 
the four cranes in the converting house, and of the 
railway under the vessels and that around the pit, 
either of the four large ovens may be readily used 
for either of the various purposes for which ovens 
are wanted. The vessel chimneys /, instead of oc- 
cupying useful floor space, are hung on the iron piers 
which support the building, and do not interfere 
with the complete of the ingot cranes which 
command, at the same time, the pit, vessels, and the 
oven cars. The vessel car m ( . 1 and 4), which 
carries a hydraulic lift, and which takes down and 

uts up bottoms for both vessels, runs on the general 

oor, where all manual operations are performed in 
an = space and on a uniform level. The advan. 
tage of having ample room, on the same level, to pre- 
pare, handle, and set the vessel bottoms, can hardly 
be appreciated by any one who has not practically 
compared the new method with the old ones. The 
use of the lift-car for both vessels instead of fixed 
lifts under each enables the lifting apparatus 
to be entirely removed from the vessel in use; the 
floor under the vessels is solid, so that no fluid metal 
can get to water-pipes. 

The 114 ft. platform, extending around the vessels 
at their centres, is made large enough for the pur- 
poses of taking care of the runners, wheeling scrap 








hibits at Philadelphia which has already appeared in our 
columns. 


to the vessel noses, lining the vessels, &c., but not 
large enough to inconveniently cover the pit or the 





general floor. A piece of this platform immediately in 
front of each vessel nose is made removable (Fig. 2), 
so that the side ingot cranes can reach close to the 
vessels when necessary. Although the vessels sit 
close to the side of the building, the width of the 
space behind the tuyere box, when a vessel is lying on 
its side, is made no less than 18 ft., by continuing the 
vessel platform 12 ft. into the melting house. This 
large floor (u, Fig. 3, page 183 ane) also extends from 
end to end of the melting house, and there is no floor 
over the central part of it, so that ventilation is com- 

lete. This large and airy space in rear of the vessels, 
interrupted only by the two central iron columns 
that carry the chimneys and the wall above, has 
been found of the greatest advantage, in conve- 
niently and rapidly making repairs to the vessel 
bottom—either setting a tuyere or a bottom, or 
trimming out or patching the lining. It has also 
been remarked that this vessel floor is in immediate 
communication, on the same level, with the room 
where ganister is prepared, and with one of the 
cupola lifts. The grated platforms and stairways, 
by means of which the rumners are dressed, are 
shown in the plan, Fig. 2. 

The method of setting vessel bottoms now 
general in America, has a very important bearing on 
facility of repairs and on amount and regularity of 
of product. As this system has been frequently 
referred toin these columns, and as its various modi- 
fications will be shown and discussed in articles re- 
ferring to other American works, it will be suffi- 
cient for present purposes, to describe it very 
generally and briefly. An interchangeable bottom, 
consisting of a shallow lower section of the vessel 
with its tuyere box, tuyeres, inter-tuyere bricks, and 
grouting, is attached to the vessel in such a manner 
that the narrow space between it and the vessel 
lining, may be rammed with plastic ganister by 
men working outside of the vessel. Thus the joint 
may usually be made immediately upon the pulling 
away of the old bottom. A blow upon a new 
bottom is often in half an hour after the last 
blow on an old one, although more time may usually 
be allowed. It almost never happens that one 
vessel or the other is not ready for use, however 
rapidly the conversions may be made. 

Casting ingots in groups, or “ bottom-casting” 
as it is called in America, will be further illustrated, 
in its latest forms, in this series of articles. The 
facilities for moulding the flasks are, however, best 
shown by Fig. 2. A flask for six 14 in. ingots (an 
entire 5 or 6-ton heat) is shown in the pit, Others, 
together with the centre sprues, are shown lying on 
cars in one of the-ovens commanded by the sup- 
plementary cranes. The flask is a solid cast-iron 
plate having channels in its upper surface, into 
which plastic but nearly dry refractory material is 

uickly moulded by hand and by impressed patterns. 
The centre sprue ig a tube, which being set by the 
crane over a pattern. w (which is fixed in a suitable 
pit), is rammed b and is then withdrawn by 
the crane and laid on the oven car. Four men and 
acrane boy mould and handle in the space com- 
manded by the cranes, the necessary sprues and 
flasks for 40 to 50 heats per day. This space is not re- 
quired for other purposes, and it is convenient to the 
pit; the operation is, therefore, more cheaply done 

ere than it could bein a separate building. A 
large oven capacity and hot fires are important to 
dry the flasks rapidly, so that they may be used at 
least twice in the 24 hours. 

The regulator 2, Fig. 2, stands high above the 
general floor, to give the operators a good view of 
all that is going on. A large conduit in which a 
workman can walk erect and get at every joint in 
every air and water pipe, extends from the regulator 
to the engine house; a branch conduit extends under 
the vessels, and other branches go to the melting 
house hoists. ment is indispensable in 
a country where there is extreme cold weather ; it 
would be an advantage in any works making a large 
and regular product, 

Many successive and important improvements 
have been made in the cupola furnaces and in the 
method of working them. As remelting the iron 
for conversion is not an essential feature of a large 
and cheap output, and as the American cupola 
practice will be fully described in connexion with 
other works, it not be further referred to iu 
this paper. 

In conclusion, it will. have been observed that 
the capacity of these works for a very large and 
regular output lies chiefly in an arrangement which 
provides large and unhampered spaces for all the 
principal operations of manufacture and main- 
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tenance, while it at the same time concentrates these 
operations. The result of concenttation which is 
realised, is the saving of rehandling and of the spaces 
and machinery and cost required for rehandling ; a 
possible result of concentration which has been 
avoided, is the interference of one machine and 
operation with another. At the same time a degree 
of re cee | has been introduced into the plant, 
partly by the duplication and partly by the inter- 
changeableness of important appurtenances, the re- 
sult being that little or no time is lost if the melting 
and converting operations are not quite concurrent, 
or if temporary delays or failures occur in any de- 
partment of manufacture or maintenance. 

The fact, however, must not be lost sight of, that 
the adaptation of plant, which has thus been 
analysed, is not the only important condition of 
large and cheap production ; the technical manage- 
ment of American works has become equally im- 
proved. Better organisation and more readiness, 
vigilance, and technical knowledge on the part of 
the management have been required to run works up 
to their capacity, as their capacity has become 
increased by better arrangement and appliances. 


THE CONSTRUCTION OF THE HEP. 
TAGON., 








To THE EDITOR OF ENGINEERING. 

Srr,—As my name has been mentioned by your corre- 
spondent ‘‘S. D.’’ in connexion with a proposed approxi- 
mate construction for describing a regular heptagon in a 
circle, I beg to offer the following demonstration : 

Let A BC and A B C’ be equilateral triangles standi 
on the base A B=1. Let C’ O=}, then CD is an approxi- 
mate heptagon chord. 

Since the angle C B O is 120° 


CO%=C B?+C BXBO+B on ‘ 
Again, since the line B D bisects the angle C B O we have 


(Euclid, Book vi. Prop. 3) 
CD:DO::CB:BO::4:5, 
therefore , 
CD:C0O::4:9. 
But Ve 
c o= +4, 
therefore 


c p="/5_as7e0ss 


Now the true heptagon chord, which subtends an angle at 
the centre equal twice 25 deg. 42 min. 51¥ sec., is equal to 
0.8677675. The error is, therefore, in excess by 0.0000380 
parts of the radius, or only 44 millionths of the true value. 
Albert Diirer’s chord, the sine of 60deg., which is equal 
to 0.8660254, errs in defect by 0.0017421 parts of the radius, 
or by 5 hundredths of the true value. 


c 
FiG.l /\ 


\ 





0 

_ The most practical way of comparing the constructions 
is to see how much they are in error when the circum- 
ference of the circle is n+ round seven times by the 
compass legs extended to the 1] hh of the chord. The 
central angle corresponding to Albert Diirer’s chord is 
twice 25 deg. 39. min. 32 sec., seven times this runs short of 
360 deg. by 46 min, 32 sec. or of the circumference, 
whereas in the proposed construction the central angle is 
twice 25 deg. 42 min. 55.76 sec., seven times which 
exceeds 360 deg. by 1 min. 0.64 sec., the error being 
im excess by jr5,, of the circumference. So much for the 
proposed construction. 

. For those who care about such things it may be interest- 
ing to state that the late Sir William Hamilton, Astro- 
nomer Royal of Ireland, published in the Philosophical 
Magazine (February, 1864), an analysis of a construction 
by means of the right line and circle of a regular heptagon, 
which Réber, a German architect, alleges he discovered 
from the measurement of the remains of the ancient temple 
of Edfu in Egypt. The result of this construction Sir 
William Hamilton states is in defect by only half a second 
ofarc! More exactly by 0.506 sec. In the same volume 
of the Philosophical Mn azine 8. M. Drach, F.R.A.S8., 
Sives @ construction which he states he derived from Sir 
William Hamilton’s analysis. I have not verified it in this 
sense, but have done so by trigonometrical tables, and as 
it is si tly simple I give it for the benefit of those 


Let A BC bean equilateral triangle as before. Let the 
pusreis OF Ye Saees Oe hat PO: OC :: 61:2; 
OD be drawn so as to make an angle DO P—3 deg. 

45 min.; then the line CD pay be en as the a 
approximation to the he m chord. Mr. Drach gives 
0.86776704126 as the value of CD. With the aid of seven 
place tables I make CD to be 0.8677676. There is a diffi- 


C 








/ 
a/ 


culty in fixing on the true value of the last figure by means 
of tables. I therefore conclude this statement by giving 
Sir William Hamilton’s results computed as far as 19 places 





of decimals : 
True heptagon chord = 0.8677674782351162410 
Edfa os » = 0.8677671624069382276 
I remain yours * 
JosepH A. GALBRAITH. 


Trinity College, Dublin, March 6, 1877. 


To THE EDITOR OF ENGINEERING. 
S1r,—Having seen with much interest the “‘ Construction 
of the Heptagon,”’ by “8. D.,”’ I was somewhat surprised 
to read the letter of ‘‘ J. v. H.,’’ Brussels, i in your 
No. 584, stating the superiority of Diirer’s construction. 
It is easy to show that the error by ‘‘S. D.’s”’ solution is 
but jj nearly of that arising from Diirer’s simple method. 
I reproduce here the figure given by ‘‘S. D.’’ with the 
same letters. In addition, draw E B perpendicular to NC, 





then : 

EN*®=EC?+NC?+2NCxXBC 
or, taking Oc =R=1 
thus 


EN =1 ae ry £xi=—4 
1+ fg+2x~xg=— 
EN ae. 
Now the radius C O divides the angle E C N in equal parts, 
and therefrom it is known : i 
EH:NH=EC : NC=4: 5, hence E H=-$ E N=},/61, 
the exact value of ‘‘S. D.’s” proposed side. Diirer found 
E B=}./3, and to com this with the former we put : 
EB= ii and EH=y #, 
showing clearly the am ion by the new construction. 
Now, by logarithms, we have : 
2 sin. 25° 42’ 513"'=0.867767 
wet =0.867805 
44/3, or $5 =0.866025 
thus using six decimals : 
Error & “S. D.”=0,000088, and error by Diirer 
=0.001742, being in fact + 46 times the former. 
E 





YY 


To point ont the difference between the figures con- 
structed with these sides and the true heptagon, “‘ J. v. H. 


multiplies the error for one side with 7. However, this 





method is incorrect, and gives no meewerty approxima- 
tions for a small number of polygon sides. The true calcu- 
lation is to compute the angles subtended by the sides. 
_ 360° 
a =r 25’ 42”. 857, 
— 0.867805 
2 aro sin. ——]— =51° 25/ 51”.6 
0.866025 
2 arc sin. 2 =51° 19 4”. 
The error is now : ‘ 
For “8. D.”’ _8.7* seconds per side. 
Diirer 398.7 ” ” 


Or, for the whole circumference : 
“$.D.” 61”.2= 1.02 minute—0.017°. 
Diirer 2792” =-46.5 oy. 4°=0.775". 
- Lam, Sir, your obedient servant, 
Amsterdam, March 13, 1877. C..P. H. 


American Sregi.—lIt appears that 525,996 tons of 
Bessemer steel ingots were uced in the United States 
in 1876, as compared with 375,517 tons in 1875, and pen 
tons in 1874. The production of Bessemer steel in 
the United States 7 made great progress last year, the 
man amounting to 412,461 tons, as compared with 
290,863 tons in 1875, and 144,944 tons in 1874. In 1867, 
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only 2550 tons of Bessemer steel rails were made in the 
United States. The total uction of steel 


THE ORIGIN OF MOTION. 
To tHE, Eptror or ENGINEERING. 
Srr,—It is very gomegwe 2 to me to find that an invo- 
luntary omission on my part has given to Mr. Sheward 
an opportunity to Bg Mr. Proctor’s excellent work. 
which; Mr. turned 


The peseage te Sheward 
attention should have read thus : 
lating the moon’s relative motion is the attraction 
earth.” By Ihave omitted the word 
and Mr. Sheward has taken the opportuni 
Mr. r’s words, “‘ that a great di 
pan i bpp . — subject.”” ioe no doubt bye 
enough, and I s ‘ore give a ‘or 
the benefit of Mr. Sheward. ent & 
The mutual attraction of the earth and the moon causes 
both bodies to revolve round their common centre of gra- 
vity, which in its turn travels round. the sun according to 
well-known laws. Now the sun’s influence consists (1) in 
causing that motion of both earth and moon round the 
sun, and (2) in ucing some “ i rities ”’ in the 
relative motion of the moon round the earth. Thus the 
chief force re ing the moon’s relutive motion is 
the attraction of the earth. ‘ 
Now, if sun ceased to act w the moon, our 
satellite would obey only the earth’s attraction, and would 
therefore move round the earth without certain “‘ i - 
larities.”” Mr. Sheward, however, su es that the moon 
would obey “‘ its tan ial force.”” Now, one should na- 
turally expect that Mr. Sheward would explain that mys- 
terious motion, otherwise outsiders might infer that ‘‘ som 
confusion peas in Mr. Sheward’s mind respecting this 
subject.’’ Hitherto, however, Mr. Sheward has not revealed 
to the scientific world the principles upon which his state- 
ment is based, and so we are obliged to believe in verda 
magistri. 
I am, Sir, yours most respectfully, 
L. Has 


Prague, March 5, 1877. 


To THe Epiror or ENGINEERING: 
Srr,—In my letter of the 9th, and in the seventh line 
from the bottom, for (60)? read (60)¢. 
March 13, 1877. C.F. H. H, 


NIs. 








GAS MAKING. 
To THE Eprror or ENGINEERING. 
Srz,—The letter of ‘‘ W. L.’’ with the above heading, 
which 8p. in your journal on the 16th ultimo—or 
rather the part of it which relates to m upon @ 
mistake as to the facts. . 
‘“W, L.” says that the gas referees (of whomI was one) 
adopted as the standard for illuminating power a burner 
which made the 12-candle London pear to be 
14-candle ; that we subsequently adopted another test- 
burner which made the gas appear to be of 16-candle 
pees 3 d that still more recently another burner has 
constructed (although not adopted as the standard) 
which further raises the illuminating power of the gas to 
upwards of 18 candles. 
of burner which raised the 12-candle 


my invention came into use. I too! a 
London Gas Company for 1872, and, comparing them with 
those for the last ve months ee 
9 per cent. in the cost of coal while prod gas of ex- 
actly the same illuminating power. I also showed that 
this gain completely accorded with the gain in illuminating 
power obtainable from extracting the — of CO, 
ich, according to Dr. Letheby, used former: 


which, exist in 
London gas as supplied to the publie; which total ex- 
ee ee een oatda: doles 
of my new system of purification, by which the bisul; 

of carbon, h had baffled the gas-world for twenty years, 
is likewise extracted. 


R. H. Parrerson. 





THE GREAT NORTHERN TELEGRAPH 
COMPANY. 


To tue Epiror or ENGINEERING. 


S1r,—In a ph of your impression of the 9th of 
February, iy, you notice the revenue of this com- 
pany for year and state that the same has been 


166,2361: as compared with 195,8301. in 1875. Thisisa 
mistake, as the figures ought to have been reversed. The 
increase in the receipts in 1876 over those of 1875 has been 
29,5941. I shall feel obliged by ‘your correcting this in 
your next impression, and am, Sir, 
Your most obedient servant, 

a. Sacwaien ei England 
The Company’s ive in s 
Great Northern Telegraph Company, March 12, 1877. 





Amenicay Briper Burtpine.—The King Iron Bridge 
preteens y * idee 525 ft nae three hen pny 
ri f ’ » in 
to be built across the Ohio at Bedford, Indiana. The. 





prod American 
rails during the last ten years is estimated at 1,163,028 tons, 





to be b across the a ‘ 
bridge will be of the King tubular arch pa 
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TRAVELLING-HEAD SHAPING MACHINE. 
CONSTRUCTED BY MESSRS. FERRIS AND MILES, ENGINEERS, PHILADELPHIA. 


We annex engravings of a 15 in. stroke 
travelling-head shaping machine as constructed 
by Messrs. Ferris and Miles, of Philadelphia, 
and which was exhibited by them in the recent 
Centennial] Exhibition. 

It has been heretofore customary with all 
builders of these machines in the United States 
to place the driving cone at one end of the 
machine and the feed gear at the other. This 
obliged the operator to move back and forth 




































































































































continually from one end to the other with a 
considerable waste of time. In this machine 












































the feed gearing is attached to and travelling 
with the carriage, and is therefore at all times 
within easy reach of the workman, whose 
natural position is of course near the cutting 
teol upon the carriage. The following is a 






































description of the feeding mechanism, which is 
very simple: 

























The shaft A of the driving crank B carries 





























upon its outer extremity a slotted arm H. 
This arm, by means of connecting rod ©, 
operates a vibrating ratchet J upon the centre 














of the ratchet wheel M, which is free upon the 





screw G longitudinally, but causes it to revolve 











with itself by means of a slot and key. 














The carriage is provided with an opening nut 

















E operated by the handle F. When the nut is 





closed and the ratchet pawl thrown in gear the 








carriage is made to traverse with a motion due 











to the distance from the centre of slotted arm 














H, at which the connecting rod C is fastened. 
When the nut is opened the carriage may be 
rapidly traversed by means of the handwheel 
D with its pinion gearing into a rack cut upon 
the bed of the machine. 


TORPEDO WARFARE, 
Tue Paris co ent of the Times sends 
to that paper the following notes on some recent 
interesting torpedo experiments with one of 
Messrs. Thornycroft’s spar torpedo boats : 
‘Some very interesting experiments were 
made a few days ago at Cherbourg with the 
little torpedo vessel called the Thornycroft. It 
was the first ion of testing in French 
waters whether a torpedo could be launched 
against a ship in full sail. Accordingly, Admiral 
Jaurez, who co 3 the squadron, ordered 
a disabled ship, the Bayonnaise, during a 
rather rough sea, to be towed out by a steamer 
ing to the navy. A second lieutenant, 
M. Lemoinne, was sent for, and informed that 
he had been selected to make the experiment of 
launching the Thornycroft against the Bayon- 
naise while both were in full sail. He accepted 
the mission without hesitation, picked out two 
enginemen and a pilot, and went down with them 
inte the interior] of the Thornycroft, of which 
only a small part = oneee water a 
portion being @ greyish colour, so 
Se te ko. enily.- conta with the sea. The torpedo 
was placed so as to project from the bow of the vessel, 
at the extremity of which were two lateen sailyards 
about three metres in length. The towing steamer 
then took up its position in front of the squadron, and the 
Thornycroft also assumed the position assigned for it ; an 
interval of three or four marine miles separating the tor- 
pedo and the Bayonnaise. On a signal being given, both 
were set in motion, the st advancing in a straight 
line, and the Thornycroft obliquely, so as to take the 
Bayonnaise in flank. The steam-tug went at 14 knots an 
hour, going at full speed in order to escape the Thorney- 
croft. The latter went 19 knots an hour, a rate not attained 
by any vessel in the squadron. The chase lasted about an 
hour, the squadron Keeping in the rear, so as to witness 
the operations. At the end of that time the distance be- 
tween the Thornycroft and the Ba: ise had sensibly 
diminished, and at a given moment the former, in order to 
come up with the latter at the requisite distance, had to 
slacken speed to eight knotsanhour. The whole squadron 
watched this last phase of the struggle with breathless 
interest, and people asked themselves whether the shock 
of the torpedo would not infallibly destroy the little 
vessel which bore it. It was feared that the lives of 
second lieutenant, Lemoinne, and his three companions 
were absolutely sacrificed. However, the two vessels got 
vimbly nearer. All at once the Thonyeroft put on a last 
po me struck the Bayonnaise with its whole force on the 
8 bow. The sea was terribly agitated, a deafening 














was heard, and the Bayonnaise witha rent as big as a 
house, sank with wonderful rapidity. As for the Thorny- 
croft, rebounding by the about 15 metres off, even 
before the explosion occurred, it went round and round for 
a few moments, and then quietly resumed the direction of 


the squadron. No trace remained of the Bayonnaise ; it 
wae terally swallowed up by the sea. Unanimous plan- 
dits greeted the courageous sailors as they joi the 
admiral’s See to report on the mission they had 
accomplished. The experiment was repeated two days 
later, under the same conditions, with another disabled 
ship, and with the same success; and, in the opinion of 
competent men, this is one of the most decisive torpedo 
experiments which have yet been made. The little torpedo 

























































































































boat, with its lateen sailyards, resembles a small grey 
lizard, and is scarcely discernible in the water. It is evi- 
dent that a single t of this kind would be unable to 
approach an oo ship unless at dusk or when it would 
be impossible to distinguish it at a distance, for had such 
an attack been attempted in broad daylight the Thorny- 
croft would manifestly have been knocked to pieces by the 
guns of the threatened ship before it could have carried 
out its project. On the other hand, it would be quite im- 
possible for one or even several ships to defend themselves 
against a simultaneous attack, say, by twenty or twenty- 
five Thornycrofts ; and, as these cost only a fiftieth part 
of the expense of a man-of-war, this ment presents a 
formidable problem to state navies. t is certain is 
that those who witnessed the affair were tly im- 
pressed by it, and are persuaded that it is the starting- 
point of an inevitable transformation in naval tactics.’ 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The West Yorkshire Miners’ Wages.—At a conference 
held at Leeds, on Monday, between the West Yorkshire 
coalowners and representatives from the miners of that 
district, it was mutually agreed that the reduction of 
wages of which the masters gave notice a fortnight ago 
should be 64 cent. only, instead of 10 per cent. as at 
first proposed. 

The Water Supply of Chapeltown.—It was announced 
some time ago in these notes that the Sheffield Water 
Works Com had to supply the township of 
Chapeltown with water delivered in a tank at Potter's Hill 
at the maximum rate of 7id. per 1000 gallons. The town- 
ship itself will provide and lay the supply pipes from the 
tank. We are now enabled to state that Messrs. Newton, 
Chambers, and Co., of the Thorncliffe Iron Works, have 
received orders to make the pipes, which will be required 
to traverse the five miles or so between Sheffield and Pot- 
ter’s Hill, and that the work will be at once proceeded 
with. 

Proposed New Line of Railwa 
portant preliminary meeting was 








.—Last week an im- 
eld at Goole in con- 








nexion with a proposed line of railway from Goole to 
Crowle. This scheme formed part of the Hull and South 
Junction project, which was thrown out last year. Tho 
new plan is to construct a line branching from the Great 
Northern at Frimingley, and after crossing part of Lin- 
colnshire to Crowle, to run thence over the Marshland 
district of Yorkshire to Goole. There would be stations 
atten villages, &c. The estimated cost of the line is stated 
at 80,000/., and a company will at once be formed to take 
itin hand. Mr. Bell, of London, is the engineer. 


The Railway Service of Harrogate——On Tuesday a 
deputation from Harrogate waited upon the directors of 
the Midland Railway Company to urge upon them the 
necessity that exists for improved communication between 
Harrogate and Bradford and the west of Yorkshire. The 
directors said they already had running powers, but at 
present ow | could not find room for two companies’ trains 
at Bradford. They were, however, contemplating altera- 
tions at Bradford to cost over 80,000l., and when they 
were finished further steps might be taken. 


Destructive Boiler Explosion at Shefield.—On Thars- 
a a tubular boiler explcded at the iron works and 
rolling mills of Messrs. Smith and Boyd, Sharrow Vale, 
Sheffield, with terrific force, severely injaring five men, and 

loing great to the buildings. The boiler itself was 
burst into three parts, the largest portion, weighing some 
tons, being hurled through a nine-inch stone wall into a 
The rolling mill was completely wrecked, the 

mage to the plant, &c , being estimated at nearly 20001. 


Coal Trafic by Railway to London.—During February 
the total tonnage of coal conve by railway to London, 
was 405,581, of which the Midland took 115,802, London 
and North-Western 110,625, Great Northern 63,202, Great 
Western 60,446, Great Eastern 48,439, London and South- 
Western 4312, and other lines 2756. From eight of the 
principal Silkstone collieries the Great Northern carried 
11,700 tons in February, as against 15,500 tons in January. 
The Great Eastern took less from South Yorkshire, as 
also did the Midland from Clay Cross, Tapton,Tibsbelf 
&e. yg the Langley Mill centre the tonnage increased 
somewhat. 
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BESSEMER PLANT OF THE VULCAN: IRON COMPANY;. ST. LOUIS, | U.S.A. 


CONSTRUCTED FROM THE DESIGNS OF MR. A. L. HOLLEY. 
(For Description, see Page 206.) 



































with January, 1876. 




















: d exports 
# Long al . - were 331,000 tons; and in January, 
oe 2 Were ri Arne 1875, 818,000 tons. ‘The exports thus 
3f¢ below Gert level: ——T FF : declined in the first month of this year 
: = to the extent of 87 per cent., as compared 
ae — at i 
E ! 
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Professor Bell’s lecture on hi weniertal 























" +» OD 
February 12, At 10.55, on the same even- 
ing, the Globe ope in Salem made a 












i ion was 
Scientific American. 
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“CENTRIFUGAL FORCE ». UNBALANCED 
FORCE.” 


To tHe EpiTror oF ENGINEERING. 

S1r,—I cannot very well understand the question put by 
“Z. H. K.”’ on 185 in your last number, but perhaps 
the following may help to clear up the matter. 

Let F P represent the centripetal force=C of a body 

i int P, P Q being a tangent to the curve ; also let 
BF and PR be perpendicular toPQ. Then the centri- 
PR=Q , and the tangential 


fugal force will be equal C 


force will be equal to C 3 Q 


Again, let PQ be the distance that would be passed 
over in lin of a unitof time at the velocity when pass- 
n 


ing P, and let Q A be the distance deflected from PQ 
in the same time if the radius of curvature remained con- 
stant (supposing always that P Q was tad small 
in proportion to the radius of curvature) then "(2 Q A) per 
unit of time would be the rate of increase of velocity 


normal to P Q when passing point P, and ™ (2 Q A) would 


g 
be equal to the centrifugal force ) where 
the force of gravity at any place : 
g represents the velocity that would be imparted by gravity 
in a unit of time at the sines referred to in the denominator.* 





R 





It occurred to me after posting my letter on ‘‘ Force and 
Motion’’ on the same page as the one referred to above, 
that the illustration therein made use of to show that 
when a steamer is going ahead at a uniform rate the forces 
driving her ahead are exactly equal to those driving her 
ast rn, might have been used to more advantage in the 
following way : Suppose a screw-steamer ‘to be lying at 
anchor in a downeurrent. Then I think it will not be dis- 
puted that the pressure on the bow is Sang See down the 
river, and the strain on the cable resists downward 
movement. Now start the engine with sufficient power to 
take the strain off the cable, and the vessel is maintained 
in position by the thrust on the screw shaft. Is the pres- 
sure on the bow now a resistance against going up stream 


which before was a force driving her down stream, ~~ P 


because the vessel is pushed up in the one case, an 
was being held up by the nose in the other? The diffe- 
rence lies entirely in the imagination as far as the pressure 
on the bow of the ship is concerned, though the upward 
force is in one case on the windlass and in the other on 
the end of the screw-shaft. 


Glasgow, March 12, 1877. 


To Tue Eprror or ENGINEERING. 

S1r,—It seems to me that this question was made suffi- 
ciently complicated by Mr. Napier in his article on the sub- 
ject, t your correspondent, ““Z. H. K.,” in his letter 
published March 9th, has only added more turnings to the 
maze by his ingenious resolution of “‘ paths,’’ ‘ forces,” 
and ‘‘ motions.” Why his component db should have “a 
direction ae to that of the original tangential 
motion a 6,’” he does not himself state, and I for my part 
am at a loss to discover, unless it be to find out what part 
of bc “ exerts its.influence to change that direction.’ If 
he had resolved a b into ac and ¢ b (which he might with 
equal right have ~~) he would have at once been able to 
balance the whole the centripetal force bc and not 
merely a component of it. 

However, his indiscriminate use of the terms “‘ path,” 
** force,’ and “‘ motion” shows that he at least is wide of 
the point at issue, which, stated simply, I take to be this : 
When a force acts on a body and its motion, is it 
(the force) or is it not balanced by a force “‘ arising’’ (I use 
Mr. Napier’s term)-from the inertia ef the body? Since 
Mr. Napier appeals to Dr: Rankine’s works in support of 
centrifugal force I may be allowed to quote from them. In 
his ‘‘ Applied Mechanics,” in the se-ond chapter in the 
section on dynamics, Dr. ine says: ‘The mass, or 
inertia of a body, is a quantity propertional to the wn- 
balanced force which is required in order to produce a 

definite change in the motion of the body in a given 

of time.”” Whatever else he may have held he 
evidently believed : in an denen Fe - the upesion 
ry they meme in . Further on he says: 
“* Every force is an action between two bodies ; and de- 
viating we and ] force (the italics here are the 
doctor's) are but two different names for the same force, 
to it according as its action on the revolving body 


Rosert D. Napier. 





or on the aoe is under consideration at the time. 
Then according to Mr. Napier’s statement of the question 
Dr. Rankine contradicts himself, and such, to all appear- 


ance, is the case. 
I have not read Sir Isaac Newton’s works, so cannot say 


* I would like to know how Professor Tait calculates the 
tangential force. J 





whether 
that Dr. Rankine did 


he saw his way out of the diffenity, but it seems 
not properly sever the knot. What is 
now wanted from Mr. Napier is, a new definition of inertia, 
including the “ arising’’ of the balancing force. 

I am, Sir, yours, -. - 


March 12, 1877. 


To THe Epiror oF ENGINEERING. , 
S1r,—I wish to call your attention to two errors which 
in your publication last week, of my letter of 
February 28th. 
In the fourth line of the third paragraph the word cen- 
trifugal, in the sentence ‘‘ The centrif force b c is thus 





petal. Again, in the third line of the last paragraph, for 


power should be read former. i 
I am, Sir, yours, &c., 
Z. H. K. 


March 13, 1877. 








THE TRANSMISSION OF POWER. 


Ar the fourteenth ordinary aoa of the Institution of 
Civil ineers, held on Tuesday, the 13th March, Mr. 


George Robert Stephenson, President, in the chair, His 
Majesty the King of the ians was elected by acciama- 
tion an hon member. The paper read was “ On the 


Transmission of Motive Power to Distant Points,” by 
Mr. H. Robinson, M. Inst. C.E. ‘ 
With a view of determining the circumstances under 
which one system would be preferable to another, data 
were given respecting the various methods of transmi 
motive power. Water pressure was referred to in the 
ern yo 3 bebe meter 9 : OS C.E., i 
recognised as the origi r e hy cc system in ii 
present wide field of application. An extension of the 
system to towns on the co-operative principle was advo- 
cated, and works were described which had recently been 
carried out by the author at Hull, under an Act of Par- 
liament, the first of the kind. In this case water-pressure 
had been laid on to several of the river-side streets, to 
supply wharves and warehouses where hand-power had 
heretofore been chiefly used. The Hull Dock Compan, 
was one of the first consumers of the power, to wor 
cranes and appliances at the south side of the Queen’s 
Dock. Two pairs of 60 horse power engines supplied the 
power, space being provided for further engines to meet 
any extension of thesystem. Observations to ascertain the 
useful effect of the engines and the accumulators showed 
an efficiency of 76 per cent., the loss in the pumps eo 
5 per cent. The rate for the supply of water-power at H 
was under 4d. per ton for a lift of 40 feet. 
From the practical rules which governed the flow of 
fluids in pipes, it was clear that water power was capable 
of transmission with but little loss. In the machines 
(enecives the See Cee wes cn Be pan 0 pe cue & 
irect-acting a , and as low as r cent. in cranes 
with great multiplying t paver. Detailed particulars were 
given of the wor! the hydraulic system at various 
laces, and with pressures in the main ing from 600 Ib. 
to 780 lb. per square inch, 80 per cent. taken as the 
efficiency of the water pressure after the delivery into the 
main, and 15 per cent. being allowed for interest and de- 
preciation, the cost at those pane was : 


Albert Docks, Hull 1.12 per 100 foot-tons. 
Cotton’s Wharf (maximum) 1.89 


” 


Cotton’s Wharf (minimum) 0.70 an 
Great Western Railway, 

seni tas Sl - 
Swansea ks nH 1.04 * 
St. Katharine Docks 1.49 ne 
London Docks eco 1.21 pad 
Victoria Docks 1.18 bs 

22 


Mean _.. unit oe 

The other chief methods of transmitting power, referred 
to in this communication, were steam, compressed air, 
shafting, and ropes. 

In conveying steam to a great distance, although loss of 
power comnnel h condensation, yet where the pi 
were properly pro ioned and protected, no appreciable 
loss had Seon ‘ound in the pressure at a distance of 1000 ft. 
from the boiler. The Lime-street tunnel of the Liverpool 
and Manchester Railway, having a mean gradient of 1 in 
92, was for many years worked by stationay engines, sup- 
plied with steam from boilers situated at a distance of 
yards (Minutes of ings, Inst. C.E., vol. i. (1841), 
p. 146). Where steam cranes were kept continuously 
working, the cost varied from 0.61d. to 2d. per 100 foot- 
tons, but where the work was below the full capabilities of 
the cranes it had, in two instances, reached 6d. and 12d. 
per 100 foot-tons. 

As regarded the application of compressed air, the cal- 
culations of M. Paul Piccard showed that, for pressures 
of from 1 atmosphere to 10 atmospheres, the efficiency, 
when the air was not worked expansively, but was 
admitted for the whole of the stroke, varied from 100 to 
39.1, and that, taking into account the efficiency of the 
machines themselves at 70 per cent., the compounded 
efficiency was about 50 per cent., although in practice it 
rarely exceeded 30 per cent. Professor Rankine had 
asserted that the loss of power seldom amounted to less 
than from 65 to 75 per cent. ; while Dr. Siemens had stated 
that the attainable limit of the useful effect of compressed 
air was about 50 per cent. of the power exerted in com- 
pression. Compressed air had been employed for under- 
oo haulage at Ryhope Colliery, in Durham, by Mr. 

. F. Hall, where the cost had been 0.97d. per ton, 
exclusive of the , which, if allowed for, would raise 
the cost to about 14d. per ton. It had also been used to 





work coal-cutting at Messrs. Baird’s Works, at 


resolved . . . &c.,” should be replaced by the word centri- | to 


Gartsherrie, In this case 24 cubic feet of steam, at 40 Ib. 
pressure, gave 1 eubic foot of air at 50 lb.-pressure. Com- 

air had been{used since 1864 in the shops of Messrs. 
ns and Anderson, at Erith, where the consumption of 
coal necessary to produce a given quantity of compressed 
air was found to be abent 69 per cent. more than to produce 
the same quantiy of steam ata like pressure. The appli- 
cation of compressed air by this firm to work capstans and 
for opening s and sluices at Portsmouth Dockyard was 
also alluded to, although the results were not yet known. 
In concluding this section of the paper, the trials made to 
apply compressed air to work tramcars, by M. Mékarski, 
in Paris, Major Beaumont, M.P., at Woolwich, and 
Mr. Scott Moncrieff, in the Vale of Clyde, were referred 


As regarded the transmission of power by shafting, &c., 
the results of several experiments and calculations showed 
the loss to be from 32 to 37 per cent. 
The application of ropes as a means of transmitting 
wer at Oberursel, near Frankfort-on-the-Main, at 
bach in Alsace, at Schaffhausen-on-the-Rhine, and at 
Fribourg-on-the-Saane was next described. The loss of 
wer in transmission by a single wire rope was estimated 
to be about 6 per cent. It had been stated that the cost 
of ropes was only ae of an equivalent amount of belt- 
ing, and only 4, that of shafting. The wear and tear of 
ropes, together with the necessity of avoiding steep 
inclinations where the distances were long, lessened the 
advantages of that system. On the other hand, the loss of 
power in transmission by ropes varied only as the velocity, 
whereas either by compressed air or by water the loss due 
to friction inc as the square of the velocity. The 
application of rope gearing to transmit the power from the 
prime mover to machinery in a factory, in substitution of 
toothed gearing, was also mentioned. 

In reviewing the several systems, it was pointed out 
that the loss in transmitting air was greater t that of 
water, owing to the volume of air, at 40 lb. to the inch, 
requiring to be 17} times greater than that of water at 700 lb. 
to the inch, to convey the same power. Generally it was 
remarked that compressed air might be adopted with advan- 
tage in mining and tunnelling operations, notwithstandin 
the small useful effect obtained, as it enabled boilers an 
underground steam — to be dispensed with, thus 
diminishing the risk of explosion, and aided ventilation. 
Compressed air also tended to the greater employment of 
labour-saving appliances, the introduction of which was 
productive of the double advantage of dispensing with 
manual labour and of enabling underground operations to 
be carried out more expeditiously, resulting in a quicker 
return on the capital sunk in such undertakings. Systems 
of power co-operation, similar to that carried out at Hull, 
might advantageously be established to effect a better con- 
servation ot motive power. At present, independent 
establishments were maintained to work the machinery 
and appliances, in most cases intermittently. By adopting 
power co-operation the expense of production would be 
spread over many consumers, like the ordinary gas and 
domestic water services. A comparison of the various 
systems showed that there were circumstances to which 
each was suitable, and that as these did not admit of being 
dealt with always on the principle of economy, but rather 
of appropriateness, each case must be decided by the con- 
ditions governing it. Where, however, the work to done 
was intermittent, as in the case of cranage and dock work, 
the hydraulic system, on the ground of , safety, 
steadiness, and general convenience, was considered by the 
author to be superior to any other. 








RUNDLE Stone Bett-Buoyr.—The bell-buoy on Rundle 
me, a half-sunken rock between Penzance and Land’s 
End, was washed away several weeks since. Of course it 
was as soon as possible replaced by another, and so the 
Rundle Stone is as safe as ever. But the truant buoy was 
driven round Land’s End, past Whitesand Bay, and on 
towards Cape Cornwall, where (close to the Bridons 
Rocks) it gives out a note-which may well make some sea- 
farers uncertain of their whereabouts. Hitherto no one 
has been able to capture it. 





LivERPOoOL ENGINEERING SocreTy.—On Wednesday 
evening, the 14th instant, this Society held its meeting at 
the Royal Institution, Colquitt-street, Mr. M. E. Yeat- 
man, B.A., vice-president, in the chair. A paper on the 
‘* Design and Construction of the South Reserve Landing 


448 | Stage and Piers at Birkenhead,”’ was read by Mr. Graham 


Smith, A.I-C.E. This lan stage has been constructed 
by the Dock Board, somewhat as a substitute for that 
which existed in the Low Water Basin previous to its con- 
version into a wet dock. It is situate in the Mersey oppo- 
site the goods termini of the London and North-Western and 
the Great Western Railway Companies. Its total length 
is 352 ft., and breadth 72 ft., and its distance from the river 
wall is about 200 ft. Owing to the rapid current in the 
Mersey, and the fate which nearly befel the Woodside 
stage on being launched, it was decided to take the pon- 
toons separately into the Great Float, and to construct the 
 aegeeaen w upon them whilst floating in its still waters. 

en completed the stage was towed into position, and 
after the bridges were shipped in place on their axles, the 
permanent moorings were put in. Considerable difficulty 
was met with in sinking the piles for the piers, owing to 
large quantities of stone and ents of rock which were 
found to exist in the sandbank, but ultimately the piles 
were sunk to the required depth by Brunless’ water-jet 
system. The whole of the undertaking was carried out 
from the designs and under the supervision of Mr. Lyster, 
engineer-in-chief, Mr. Graham Smith, acting under him in 
the capacity of “‘ resident engineer.”” The contractors, 
Messrs. Emmerson, Murgatroyd, and Co., of Stockport, 





were represented by Mr. William Thomson 
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THE “CLEOPATRA” NEEDLE SHIP. 


MR. JOHN DIXON AND MR. B. BAKER, ENGINEERS; MR. JOHN DIXON, CONTRACTOR. 


(For Description, see Page 211.) 
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NOTICES OF MEETINGS. 

THs INSTITUTION or OIVIL ENGINEERS.—Tuesday, March 20th, 
at 8 p.m. 1. ussion on “ The Transmission of Motive Power 
to Distant Points.” 2. ‘ The River Thames,” by Mr.J. B. Red- 
man, M. Inst. O.E. 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 21st instant, 
at 7 p.m., at the Institution of Civil Engineers, the following 
papers will be read: “ Results of Meteorological Observations 
made at Patras, Greece, during 1874 and 1875,” by the Rev. Her- 
bert A. Boys. “Contributions to the Meteorology of the Pacific. 
—Fiji,” by Robert H. Scott, F.B.S. ‘Local Diurnal Range,’’ by 
Samuel H. Miller, F.R.A.S. Several new instruments will be ex- 
hibited by Messrs. Negretti and Zambra. 
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THE NAVY ESTIMATES. 

THE Admiralty programme of shipbuilding for 
the ensuing financial year is hardly such as might 
have been expected in the present disturbed state of 
European politics. The commencement of two 
new ironclads, neither (so far as appeats) of the first 
class, and the prosecution of others already in hand 
to the extent of 8000 tons “ weight of hull,” can 
searcely indicate great activity in the dockyards. 
Chatham, where a ‘‘ new Agamemnon’ is to be laid 
down, but proceeded with only to the extent of 170 
tons, has no other serious ironclad work in hand 
beyond the addition of 1900 tons to the original of 
the name ; the equivalent to 688 tons which is to be 
added to the Téméraire being mere fitting-out work. 
The last-named ship is to be completed within the 
year, but the Agamemnon, tho announced two 
years ago, will still be less than finished when 
another year’s estimates are unfolded. At Ports- 
mouth the Inflexible—launched laat year—will ad-. 
vance towards, but will not attain to, completion ; 
the new “ Torpedo Ram” will be commenced (4505 
tons to be worked); and the Dreadnought will 
complete her fittings and be ready for service, some 
seven years after being commenced, the name 
of the Fury, at Pembroke. At Devon 


| pears, be one such vessel under construction, 





there is no ironclad building, but cruising | 


ironclads, the Nelson, Northampton, and Shannon 
are to complete forservice : these vessels, whatever 
their value as cruisers, are not suited for the line-of- 
battle, At Pembroke the sole work is to be'the 
addition of 1688 tons to the Ajax, sister-ship to the 
A n, advancing her, however, little more 
than one-third on the way towards completion. 
Except for a little work remaining tobe done upon 
the Kelson and Northampton, before they are 
handed over to Devonport yard for completion, 
no ironclad shipbuilding will be done this year by 
contract. 

The following Table gives the leading particulars 
of the ironclads now under construction; or to be 
commenced this year : 





= 
fighting fleet has received additions to its 
strength than the Pree Estimates give hope of, 
In unarmoured ships the Admiralty appears to be 
wisely adhering, with little. modification, to the 
system of building in well-defined classes, as lai 
down by Mr. Barnaby a few years ago. One new 
high-speed corvette of large size, a modified Boa- 
dicea, able both to catch an enemy and to fight him ; 
a couple of good commerce-worrying sloops; and 
some half-dozen new gun-vessels and gun-boats for 
irate work and the like, do not promise a very 
arge addition to the Navy. A great deal.has been 
done, however, in recent years in unarmoured ships, 
and a large number, including eight steel vessels of 
extreme speed, are now under construction. 
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In Mr. Hunt’s speech allusion is made to the con- 


From this Table it yee that at the beginning 
of 1878 our first-class fighting fleet will consist only 
of the Devastation, Thunderer, and Dreadnought, 
the three ships laid down by Mr. Childers about 
seven years ago, with such aid as the rams Rupert 
and Hotspur can give, Not until well into 1878 
will the Inflexible join them, while the date when 
any further additions may be looked for is hardly 
worth calculating. The Inflexible, actually surpassed 
in some respects by two ships of the Italian navy, 
we believe as near completion as herself, is thus our 
sole vessel of the heaviest class, and now, though 
years have ela since she was commenced, there 
is not even a hope held out that it is intended to 
give hera consort. If there is truth in the report 
that vessels of far greater power are about to be laid 
down on the Mediterranean, we suppose it must be 
admitted that our Admiralty contentedly resigns 
to other nations, for the first time in our history, 
the lead in shipbuilding. We do not know, of course, 
what the intended defensive tae of the gunless 
‘‘torpedo ram” may be. If of moderate power and 
corresponding cost, it may prove a useful auxili 
to a fleet, although—considering that the Rupert 
and Hotspur already exist as special rams, and 
might surely be made into torpedo ships—we. think 
the money might be better spent in increasing the 
small fleet itself, rather than its auxiliaries. But 
if, on the contrary, the new ram is to be defen- 
sively superior to the Inflexible, and is, in fact, to 
form the answer of this country to the rumoured 
action of other powers, then we can only lament 
the rashness which, ata critical period of our naval 
history, introduces a new and untried principle of 
warfare without first securing us a preponderance 
of strength in types of accepted excellence. It is 
true a new Agamemnon is to be laid down, but with 
the Inflexible and the Italian ships afloat, the Aga- 
memnon is but a second-class vessel, superior to the 
Devastation and Peter the Great, but not compar- 
able with the first class, It is not an Agamemnon, 
but an Inflexible, that is wanted. Surely this time 
of 100-ton gun triumphs, when no one doubts the 
ability of Woolwich to fulfil its promise to build 
trustworthy guns of 160 tons, is ill-chosen for laying 
down a vessel expressly deprived of that means of 
offence. The design may be, and no doubt is, of 
great excellence, but.as we do not ct to be con- 
vineed that it represents the ‘fighting ~~ of the 
future,” we can but repeat the opinion that the 
present time is not opportune for spending so much 
money upon experimental ships. 
One sa feature in the Estimates is that 
no more cruising ironclads are announced. By the 
end of the financial year there will not even, 


we trust this state of things may continue until the 


wad however, that the mass of our countrymen are 


struction, during the ensuing year, of fifteen torpedo 
vessels, ‘ g ~ boats for eras our harbours.” 
But if we y interpret the de given at page 
196 of the Hatimates, it appears that these craft con- 
sist of three ‘mooring steamers” and twelve 
‘+ lighters”—apparently intended for laying down 
fixed torpedoes; not for veonecn st Pe If this 
is correct we shall continue far d other powers 
in the provision of torpedo boats for harbour 
defence. 

The remaining point of interest in Mr. Hunt's 
speech, from an engineering point of view, is the 
proposed improvement in the position of the naval 
engineers. This may, for present ) 
summed up in the statement that an amount of 
5600/. is taken in the Estimates ‘‘ for improved pay 
to engineer officers and to engine-room artificers” 
—a concession not likely to be very gladly welcomed 
by the rather numerous body amongst whom the 
sum is to be shared, A small increase is to be made 
in the pay, as well as in the numbers, of chief in- 
spectors and inspectors of machinery, but the most 
important announcement is that the number of chief 
engineers will be increased from 170 to 220, thus 
quickening the flow of promotion. But how soon 
this increase is to be effected does not at present 
appear, and the immediate gain appears to be 
limited to a very small increase of pay, chief engi- 
neers commencing at thirteen shillings a day instead 
of twelve. The lateness of the hour at which the 
Estimates were introduced precluded the usual dis- 
cussion on Monday; when the report of the ad- 
journed debate is before us it may be possible to 
see more clearly than at present how far Mr. Hunt’s 
proposals are calculated to remedy the ——— 
oa of a deserving and important body of 
officers, 





CLEOPATRA’S NEEDLE. 

Tuis well-known and alternately bepraised 
and bespattered obelisk is at last to be eee 
and set up on the Thames Embankment to challenge 
the criticism of London’s millions, From the 
generous enthusiasm of the Press in the matter 
there is some little danger that the — may be 
led to form an exaggerated notion of the impressive- 
ness of this big monolith, and that a consequent 
revulsion of feeling may occur hereafter. Un- 
doubtedly the pleasure to be derived from its _ 
sence in on will be rather intellectual than 
sensuous, #ince the needle must be fatally suyges- 
tive of a factory chimney—and of a very one 
as compared with those which will confront it on the 
te-bank of the river, We may safely assume, 


sufficiently intelligent and educated to appreciate 
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this famous relic of past civilisation, and as for 
the chipped edges and other ravages of time, they 
will be taken as they are with thankfulness that no 
‘* Mr. Five-per-Cent,” exists in Egypt to restore her 
monuments in the manner in which ourown cathedrals 
have been effaced. 

It will be a source of gratification to all engineers 
to know that the transport of Cleopatra’s Needle to 
this country is due solely to the initiative of one 
of their own body, Mr. John Dixon. The matter 
has been Guuaeh of course for many years, but it 
needed the technical skill of the engineer combined 
with the restless energy and love of action charac- 
teristic of the old type of English contractor to carry 
the matter beyond the field of discussion into the 
region of accomplished facts. Mr. Dixon possesses 
both the sognieal qualifications in an eminent degree, 
and the public-spirited action of Mr, Erasmus 
Wilson in providing the necessary funds has enabled 
Mr. Dixon and Mr. B. Baker, who is associated with 
him as engineer, to make an immediate start upon the 
work. Mr. Fowler, the Khedive’s engineer-in-chief, 
has always cordially co-operated in the scheme, and 
indeed at one time, we believe, contemplated bring- 
ing the Needle home himself, but considerations con- 
nected with his official position under the Egyptian 
Government rendered it inexpedient that he should 
do so at the time. 

Mr. Dixon’s proposal, which has been before the 
public some years and is now to be put into execu- 
tion, is to enclose the obelisk in a cylindrical vessel 
of adequate buoyancy, roll it into the Mediterranean, 
tow it home to England and roll it once more, this 
time across the Thames Embankment to the bottom 
of Northumberland Avenue. Some critics have ob- 
jected to a special vessel as an unnecessary expense, 
since by a trifling alteration, they say, many existing 
ships might be adapted to thé _— The objec- 
tion is plausible but unsound. A special vessel 
means merely the loan of 70 tons of iron—no very 
formidable obligation in the present state of the 
market—it insures, as far as human foresight can, 
the absolute safety of the Needle (a matter of no 
small moment to A. Dixon, as he does not receive 
a piastre for his outlay and trouble if he fail to 
complete the job), and further, it provides a safe and 
efficient means of transport on land and reduces 
the responsibility of the contractor’s agent and 
workmen in Egypt toa minimum. We propose to 
confine our attention at present to the vessel now 
under construction at the Thames Iron Works, of 
which we publish atwo-pageengraving in our present 
issue, and to defer a description of the proposed 
mode of erection and other interesting matters until 
an opportunity occurs of our reverting to the subject. 

The requirements of the ‘‘ Cleopatra” Needle ship 
are (1) that she should be as light as possible, and 
yet possess ample strength and rigidity to withstand 
the strains incurred in rolling over the land or in 
working in a heavy sea, without endangering the 
integrity of the granite monolith inside ; (2) that she 
should be a good sea boatand neither pitch andscend, 
nor roll in excess, nor bedifficult to tow at moderate 
speeds; @) that she should be capable of making shift 
for herself for a time in the unexpected contingncy 
of the attendant vessel having to let go the hawser 
in exceptionally heavy weather and stand by the 
‘* Cleopatra” fora time. This implies certain accom- 
modation for men on board to steer, set a small sail, 
drop anchor, pump out bilge water if necessary, and 
see to the lights and signals, so that the where- 
abouts of the ship may be known to passing vessels. 

All these requirements are admirably met in the 
proposed design, The cylindrical form is the 
strongest that can be formed with a given weight of 
material, since the stiffness of thin plates is, as every 
one knows, enormously increased by curvature, or 
“buckling.” Indeed, Scott Russell, in his monu- 
mental work on ‘“ Naval Architec'ure,” remarks : 
“A ship 100 ft. long, 14 ft. wide, 10 ft. deep, and 
din. thick, if it were divided into six equal com- 
partments by five bulkheads, would be sufficiently 
strong to do good work as a sea-going vessel without 
either ribs or internal strengthenings of any kind, 
and “npr wad only her sides and decks were everywhere 
gentiy eurved, and nowhere flat, no sea would ever 

her.” The Cleopatra” is 92 ft. long and 
15 ft. in diameter with # in, and ¥; in. thick, 
she is divided into eight com ents by seven 
bulkheads, and has numerous intermediate reverse 
angle iron frames, so that any calculations as to her 
strength as a vessel may well be considered super- 
fluous. The calculations have, however, been made 
by the engineers, and it has been found that the 
maximum strain upon the iron hall in a seaway will 


be little more than 3 of a ton per square inch, or 
about one-tenth of the intensity of the strains in 
large vessels, as determined by Mr. John, the able 
chief engineer of Lloyd’s. 

Again, the deflection or change in form the hull 
can undergo in a seaway will be less than ¢ in., 
so that all fear of the obelisk being broken in 
transit by the working of the ship would be quite 
groundless, even if the monolith werg not for other 
reasons—the avoidance of injury from collision, or 
from shocks in rolling over the land—so packed that 
any undue strain would merely fracture or bend a 
piece of timber and leave the Needle intact, This 
end is attained by mepneee the obelisk where it 
passes through the bulkheads upon ‘‘ spring beams” 
of timber of the required degree of elasticity. Before 
the cylinder is rolled into the sea, two rings of 9in. 
baulks 12 ft. in length will be temporarily fitted 
round it near each end, constituting in effect two 
wheels 16 ft. 6 in. in diameter and 12 ft. wide in the 
tread, upon which the vessel will roll without chance 
of local injury to any of the plates. Itis hardly 
nec to remark, therefore, that the hull as 
designed by the engineers complies with all the re- 
quirements as to strength and stiffness both afloat 
and ashore, 

We have now to consider the interesting question 
of the probable behaviour of the ‘ Cleopatra” at 
sea, The form being cylindrical there will be no 
inherent stability or righting power in the shoulders 
of the ship, and her stiffness will consequently be 
entirely dependent on the ballast. Since the initial 
stability of a ship is proportional to what naval 
architects term the metacentric height—which we 
believe Mr. Bramwell once paraphrased as ‘the 
height of the centre of wobbilation above the centre 
of gravity’—it might be inferred that the 
desideratum is to obtain the maximum metacentric 
height with the consequent maximum initial 
stability, but it is not so. Unfortunately the very 
same ballast which makes a ship stand up stiffly in 
still water, makes her tend to stand more or less 
perpendicular to the slopes of the waves among 
which she may be tossing, in other words, makes 
her a heavy roller. It was for this reason and to 
obtain a steady gun platform, that the chief con- 
structors of our own and foreign navies have 
gradually reduced the metacentric heights of the 
big ironclads. ‘Thus the Onandaga, one of a special 
class of ships in the French navy, is enormously 
stiff, having a metacentric height of no less than 
14 ft. 3in., whilst the Solferino has 4 ft. 6 in., and 
our own ship the Sultan only 2ft. Gin. The former 
vessel, however, pays the penalty by making a 
double roll from port to starboard and back again 
in the short period of 5} seconds, whilst the period 
is 1]} seconds in the Solferino, and 17} seconds in 
the Sultan. 

The engineers propose to -_ 30 tons of ballast 
into the ship, and or the obelisk 4} in. below the 
centre, which will give a metacentric height of 
10 in,, and a period allowing for the influence of the 
bilge keels of 6 seconds, or 10 double rolls per 
minute. She would roll slower, but from the nature 
of the case the great bulk of the cargo is at the 
centre of the vessel, and the radius of gyration, to 
which the ship’s period is directly proportional, is 
necessarily smaller than in an ordinary vessel, 
To balance the eccentrically placed obelisk when 
rolling on land, about 10 tons of old rails will be 
slecol temporarily in the cabin recess on the top 
of the cylinder, which ballast will be ultimately 
shifted to the bottom of the cylinder, and so ‘‘ count 
20 on a division,” 

The ‘ Cleopatra,” therefore, from her low meta- 
centric height and efficient bilge keels will be a 
steady vessel at sea, and from her form will be abso- 
lutely uncapsizable. Her stability goes on increas- 
ing as she heels over, and only vanishes at 180 deg., 
or in other words when she is upside down, 
whilst the stability of the ill-fated Captain on the 
other hand increased only up to 2ldeg., and vanished 
absolutely at the small angle of 544 deg. 

As regards pitching and scending the distribution 
of the weight towards the centre of the vessel is as 
favourable as could be desired. With a view to 
lessen the work of the bows in rising at the waves, 
the thick end of the obelisk is placed forwards as 
having the smaller moment of inertia. The displace. 
ment of the vessel with the 160-ton block of granite 
on board will be about 270 tons, and the surplus 
rope A half as much again, so there will be no 
risk of foundering even should one or two of the 
com) ents become filled with water. With a 





good ship at the end of the tow rope and a handy 








crew on board, we may look with confidence for the 
appearance of the ‘‘Cleopatra” in the Thames 
within a month of her launch at Alexandria. 


MISSISSIPPI RIVER IMPROVEMENTS. 

Tue works erected by Mr. Eads at the head of 
the South Pass of the Mississippi river—12 miles 
from the sea—to produce a channel through the 
shoal in the river obstructing the entrance to the 
ass (illustrated in ENGINEERING of January 5th), 
had little effect for nearly three months after their 
completion, owing to the remarkably low stage of 
the river. During this period a dredge boat was 
employed in deepening the channel across the shoal, 
a iuaiees of about half a mile, and from about 
16 ft. the depth was increased to 20 ft., with a 
width of nearly 50ft. About the lst of February 
the river (which by the mark at New Orleans had 
been 10 in. lower than ever previously recorded) 
began to rise, and in five days more material was 
removed by the current than the dredge had pre- 
viously excavated, giving in that brief period a 
channel 21 ft. deep, and of greatly increased width. 
By the 17th of February the channel had enlarged 
to a least depth of 26 ft., with a 24ft. channel of 
110 ft. least width, and a 20 ft. channel of 360 ft. 
least width. The total width between the dykes is 
about 800 ft., and the increased current due to the 
swell of the river was, according to the last received 
accounts, still enlarging the channel. Before the 
works were begun the water entering the;pass spread 
over a width of about 2000 ft. The works have re- 
duced the width to 800 ft. with the result above 
stated. 

Between the jetties across the bar into the sea at 
the mouth of the pass, the depth on February 17th 
was 20.5 ft. at mean high tide,and the channel 
straight, with a width of 200 ft. in its narrowest 
parts. As the works at the head of the pass had 
necessarily for the time being contracted the flow 
into the pass, and as their first effect, when the 
river began to rise, was to cause a rapid scour and 
the removal of immense quantities of sediment, the 
depth in the channel between the jetties had not 
been increased, nor was it reasonable to expect 
much, if any, enlargement of channel there, until 
the entrance into the pass should have its cross 
section so enlarged by deepening as to restore the 
full volume of water which entered the pass before 
the works were begun, At the rate of increase of 
this cross section up to February 17th, but a short 
time can elapse before the outlet to sea between the 
jetties will have 22 ft. to 24 ft. depth, and a channel 
width of at least 250 ft. he enterprise of 
effectually opening the mouth of the Mississippi 
may be regarded as beyond the possibility of failure. 








AMERICAN BESSEMER STEEL 
PRODUCTION. 

A sHort time since we gave the details of arather 
remarkable performance by Captain Jones, of the 
Edgar Thomson Steel Works, at Pittsburgh, Pa., 
in the way of making some 360 tons or so of ingots, 
out of a pair of converters in 24 hours; and we 
took that occasion to mention our impression that 
Mr. es he manager of the North Chicago Works, 
who had heretofore figured in these columns as the 
champion steel maker, should take a back seat in the 
amphitheatre of honour. But it appears that back 
seats do not fulfil Mr, Forsyth’s ideas as to the 
greatest amount of happiness, and so he was dis- 
obliging enough to upset all our previously calcu- 
lated formule, and also to worry his little insignificant 
pair of 5-ton vessels in the following manner : 

Monday, January 22, blast on cupola at 4 o’clock a.m. 


os » first heat turned up 5.50 a 
Monday, 63 heats - oe te 329,429; tons 
Tuesday, 65 _,, S414838 
Wednesday, 68 heats S55KE 5s 
Thursday, 73 heats ” 
Frida ’ 5 heats 392 ” 
Saturday, 21 heats a+ ct i} “ 
Total heats, 365 fo Re --» 19003925 +» 
Dropped cupola bottom, Saturday 11.55 a.m. 


heat blown, Saturday 12.25 p.m. _ a 

The great —— was on Friday night as 
follows: 1st heat up at 5.41 p.m. and 39th heat 
down at 5.1] A.M.=11 hours 30 minutes. Product 
for 10 turns (five days) 18027 tons. 

We this week heard the remark that ‘‘ we do not 
believe all the accounts you publish from America.” 
While we presume that nothing could give American 


steel makers ter commercial satisfaction than to 
believe that English steel makers would not credit 
the reports of their superior results, but that Eng- 


lish steel makers would rather resent the idea of 































































Marcu 16, 1877.] 


ENGINEERING, 


213 





any performance being superior to their own, yet 
we take this occasion to say that the results we from 
time to time publish from America can at any time 
be verified from the records m which royalty is 

id er Americans are not “ikely to be cheated 
ot y in this matter); and we also venture the re- 
mark that if English Bessemer steel makers were 
half as anxious to make some valuable practice out 
of their knowledge of American practice, as they 
are to promulgate their disbelief in the reports and 
in the value of American practice, they would at 
this day be making steel for American markets in- 
stead of making none whatever. The facts of the 
North Chicago practice are a timely commentary on 
the series of articles we are now publishing, regard- 
ing the peculiarities of American works. 





REPORT OF THE ROYAL COMMISSION 
ON RAILWAY ACCIDENTS. 

HAVING in our previous articles upon this sub- 
ject noticed the principal features of the report 
emanating from the Commission, we now propose to 
consider the observations appended thereto, and 
which are those of Mr. Thomas E. Harrison, Mr. 
William Galt, and Lord de la Warr. Commencing 
with Mr. Harrison’s we must confess that we are 
somewhat surprised to find an expression of opinion 
adverse to the employment of the ‘ block” system, 
for he says, when speaking of it, ‘I feel satisfied 
that the natural consequences will be that engine- 
drivers of the future, brought up under the block sys- 
tem, will not be so careful and efficient as those 
who have been accustomed to look out for them- 
selves.” We are however somewhat in doubt 
whether this objection, if it may be so termed, 
does not find its basis in the following paragraph. 
“T am not prepared to give my unqualified ap. 
proval to the block system as at present arranged 
and worked, for itis a well-established fact that 
collisions, with very few exceptions, take place at 
stations, junctions, or relief sidings at block cabins.” 
Now here we are much in accord with Mr. Harrison, 
but it is right we should point out that the casualties 
to which he refers are not due so much to the block 
system as to the system under which the block is 
worked. As a system the block is capable of afford- 
ing the most complete protection to railway traffic 
we can obtain, if properly worked. It is the system 
under which it is most generally worked—a system 
of convenience which makes no provision for the 
prevention of collisions where shunting operations 
are in hand, the most recent, and one of the most 
forcible, illustrations of which is the Arlsey acci- 
dent*—that gives rise to these lamentable results, 
But the recommendation of the report (under “level 
crossings”) extends, as we understand it, to a judi- 
cious application of the block, and if this is so, then 
the objection raised by Mr, Harrison falls to the 
ground, It is quite true a driver traversing a block 
section may, on seeing the signals for a section 
which he is about to enter standing at ‘all clear,” 
conclude that the section is, as the signals are really 
intended to denote, clear, and may regulate his run- 
ning accordingly, but we do not think men are likely 
to be less careful generally or less on the look-out in 
such a case than when traversing sections of line 
unprotected with the block, The root of the evil 
lies as expressed in Mr. Harrison’s own words—in 
the system as af present arranged and worked. It 
every section of line fouled for shunting or crossing 
purposes, whether at a station or a junction, were 
blocked during such operations, and the block were 
duly regarded, collisions could not possibly arise. 

The next point which Mr. Harrison combats is 
that referring to a ready and cheap mode of redress 
when trains are late. ‘The recommendation 
appears to be most injudicious, and one which, if 
carried into effect, would tend to promote accidents 
rather than to prevent them.” It is pointed out that 
the public already possess a means of recovering 
damages for unpunctuality. At the same time, 
although unable to concur with the recommenda- 
tions of the report, Mr. Harrison in no way under- 
rates the importance of punctuality of trains, and 
as far as his experience goes, considers the subject 
is one acknowledged by railway directors, and one 
of constant inquiry on their part. 

With that portion of the report which deals with 
the relations between railway companies and their 
servants, and their alteration by special legislation 
recommended, Mr. Harrison is unable to concur. 
He questions whether the subject is legitimately 
within the scope of the Commission, considers it 





* See ENGINEERING, p. 31 ante. 
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Number of Cases in which any Passenger (Number of Cases in which the usual Requirements of the 
Line is connected with or crossed on Inspecting Officers of the Board of Trade have or have not 
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one of considerable complexity and delicacy, and 
that any proposal to alter the general law, especially 
for the purpose of pare mA exceptional legisla- 
tion, ought to be entertained with great caution. 
He contends that the question was never considered 
or discussed by the Commissioners, during the 
progress of the inquiry, and that no evidence, unless 
the petition of the Amalgamated Society of Railway 
Servants (referred to in our previous article) may be 
regarded as such, was received. He can see no 
reason for suggesting that the law should be 
different in the case of railway companies and their 
servants from the law applicable to other masters 
and their servants. With regard to this question 
our views are, on the whole, with those of the report. 
We do not think special legislation for a certain 
class desirable as a rule, but where the employment 
is one of risk not only to the employed but to the 
public, and where this risk is increased or intensified 
by want of provision on the part of the employer, 
we are inclined to think there is room for legislation. 
Nor do we concur ia the opinion that this question 
is one without the province of the Commission. We 
look upon the instruction contained in the Com- 
mission as embracing everything contributing to the 
“causes of accidents on railways.” The recom. 
mendation of the Committee aims not more at 
providing a means of compensation for injuries 
received by railway servants in the discharge of 
their duties, than in securing, through it, a higher 
state of discipline and a more careful observation 
of the rules and regulations of the railway service, 
and as such it is deserving of very full consideration, 
for a more careful and complete regard to these 
points cannot fail to proms advantageous to the 
railway service and to the public alike. The prin- 
ciple which governs the recommendation is therefore 
good, although it-is quite possible some difficulty 
may be found in adjudicating upon it. 

Whilst not raising specific objections to the re- 
commendations No. 1 to 7 in the concluding 
summary, Mr. Harrison observes they are in some 
instances rather approaching a direct interference 
with railway management, but as nearly, if not all 
the railway companies are already carrying out these 
suggestions, the cases must be very few indeed, if 
any, in which the railway companies would not be 
able to agree with the of Trade. Holding 








this view strongly, he doubts the necessity of ap- 
pointing an appellate tribunal, but feels confident 
that a free interchange of ideas between the officers 
of the railway companies and those of the Board of 
Trade would tend to promote the safety of the public, 
and in this latter remark we very heartily concur, 

Mr, William Galt’s observations occupy no less 
than 33 pages. eat Seren in strong contrast 
with the remark of Mr. Harrison, he commences by 
declaring, ‘I 1 gi especially of the recommenda- 
tion in favour of compensation to railway servants 
in cases of accident to which the railway manage- 
ment contribute by their own neglect, and of the 

rinciple involved in the recommendation of the 
Goncunianton that a special tribunal should be con- 
stituted to adjudicate on certain cases relating to 
the prevention of accidents.” Mr. Galt is, however, 
of opinion that if such a tribunal is appointed its 
jarisdiction should extend to all causes of accidents 
in railway travelling so far as they are preventable, 
and further ‘‘ that the neglect of many of the com- 
panies in not availing themselves of well-known 
means for the prevention of accidents which have 
continuously been pressed on the attention of the 
companies by the inspecting officers of the Board 
of ‘rade have not been noticed in sufficient detail 
in the report.” For these reasons he deems it de- 
sirable to append a separate report. 

Mr. Galt then proceeds to review the work and 
recommendations of the previous committees with 
the results obtained from or through them. From 
the Board of Trade report for 1873 he learns there 
were seven English companies worked throughout 
on the absolute block system, viz., the South 
Eastern, London Chatham and Dover, North 
London, North Staffordshire, Bristol and Exeter, 
Furness, and the London, Tilbury, and Southend ; 
the aggregate length of. which amounted to 652 
miles on the absolute block system. There were none 
in either Scotland or Ireland. The only two com- 
panies in the kingdom which had all their points 
and signals interlocked were the Metropolitan and 
Metropolitan District Companies. The statement 
given on the following page is produced as showing 
the progress made by the principal companies in the 
adoption of the block and interlocking systems. 

e Tables published above are also furnished by 
Mr. Galt, and are of considerable interest. 
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London and North-Western| 1119 | 573 | 1952 | 1418 
Great Western ig “| 799 | 311 | 1179 | 1398 
North-Eastern . ew} 805 | 298 | 1883 | 1072 
Midland ewes eee 768} 506 | 1128 | 1051 
Great Northern ak ...| 509 280 138 | 149 
Lancashire and Yorkshire ...| 862 88 | 851 | 864 

Manchester, Sheffield, and | 
Lineolnshire ... . + amnf 220] 81 98 | 482 
Great Eastern... ... | 483 159| 463 | 1151 
London and South-Eastern ...| 436 | 376 | 578 | 330 
Caledonian ps 4 | 438 133; 192 250 
North British... | 873 | 78 | 324] 1240 
South-Eastern... i | 835 All 232 436 
London, Chatham, and Dover! 134 All| 113} 152 
Brighton and South Coast .../ 278 | All| 290| 303 


These returns afford at a glance much valuable 
information as to the efforts made by the railway 
service at large to comply with the recommendations 
of the Board of Trade, and to avert the contem- 
plated interference of Government legislation. We 
see that up to the close of 1875, very little over one 
half of the mileage of line open for traffic had been 
provided with and worked under the absolute block 
system ; that the recommendations of the Board of 

rade had not been complied with—as regards con- 
centration of signal and point levers in 10,876 cases ; 
as regards interlocking points and signals in 13,275 ; 
and as regards addition of safety points in 704] 
cases. 


NOTES ON TORPEDOES.—No. XVI. 
Crass ITI.—ELectro-MEcHANICAL TORPEDOES. 
Peruars one of the most objectionable of all 

classes of torpedoes is Mathieson’s electro-mecha- 
nical torpedoes where they are moored singly each 
with their own individual battery, which serves also 
as an anchor; since in the first place they are very 
expensive—a by no means unimportant item—and 
in the second are exceedingly dangerous, owing to 
their liability to explode while mooring, The 
necessary qualifications of all classes of mechanical 
torpedoes are that they should be free from all 
danger of exploding by accidentally coming into 
violent contact with other hard bodies until moored 
in position, and the boats all clear, and when once 
moored, it should be absolutely impossible to recover 
them again—at least within a given time—as it is 
obvious that any system for so doing, however 
convenient it might prove to the defenders in 
enabling them to recover their torpedoes again 
when no longer required for service, would afford 
equal facilities to an enemy desiring to clear a 
passage through them. Now it must be obvious to 
all by whom Mathieson’s system is understood that 
it is very far from possessing the first - named 
ualification. As re 8 our own opinion we would 
0 e that our judgment is not based upon theor 
alone, but upon practical experiments made wit 
a view to ascertaining beyond a doubt the degree of 
danger attendant upon the mooring of them. The 
trials. to which our remarks have reference were 
made in the River Thames nearly four years ago, and 
consisted in following out, as nearly as was com- 
tible with safety, the practical operation of moor- 
ing, an ordinary circuit-closer being substitut ed for 
the contact mine and a cast-iron weight or mooring 
lump for the battery box, the battery, which fwas 
merely a two-cell signalling battery, being placed on 
shore and connected to the cireuit-closer by means 
of insulated wires ; the action of the circuit-closer 
being indicated by means of a sensitive galvano- 
meter introduced into the circuit. The anchor was 
dropped four times, and once out of the four the 
galvanometer needle was violently «eflécted. True, 
the weight was dropped somewhat roughly, but not, 
we venture to think, by any means so roughly as 
they would necessarily be were they required to be 
moored in exposed situations during rough weather, 
The one advantage which their inventor adduces 
against such serious demerits as those we have 
quoted is a faint possibility of their being re- 
covered when no longer required for use; it is true 
nothing is impossible, but speaking for ourselves we 
should, with the disastrous results attending the 
efforts of the Germans to recover their mechanical 
mines after the late Franco-German war still 
fresh in our memory, decline most decidedly and 





emphatically to form one of the operators in so 
dangerous an undertaking. 

Another method proposed by the inventor is to 
moor them in groups, one battery box serving for 
the several charges forming the group, a multiple 
disconnector being employed to disconnect the 
shattered end of the Gablp leading to an exploded 
mine. By this means the charges may, of course, 
be moored with perfect safety, as the cables are not 
connected with the battery until after the mines 
have been placed in position; but even with this 
arrangement we fail to see what advantage can 
possibly accrue from their use, since they cannot be 
employed for the defence of a navigable channel 
owing to the impossibility of rendering them safe for 
the passage of friendly vessels, neither can they be 
used for the defence of a river that is not required to 
be kept open for the passage of friendly ships, except 
where an armed force is at hand to protect them ; 
it being evident that were no provision made to 
guard against it an enemy might easily raise the 
battery box, and by severing the branching cables 
render useless the entire cing 

It is also claimed for this c of torpedoes that 





they offer greater facilities for the blockading of an 
enemy’s squadron that had been driven into a 
friendly harbour for the purpose of seeking the 
protection afforded by the guns of neighbouring 
forts than any system of mines yet introduced. 
This advantage is certainly no mean one, nor can 
their efficiency for such service be questioned, as a 
small flotilla of gunboats cruising about the moor- 
ings could hold a squadron in check, since they 
would suffice to thwart any attempt of the enemy to 
grapple for and sever the connecting cables, while 
the battery would be easily accessible to the 
blockaders were it desirable to open up a passage 
for their own fleet. 

When the system was first proposed some 
technical difficulties were supposed to exist relative 
to the possibility of retaining efficient for any 
considerable time a submerged voltaic battery, 
but ulterior experiments have served to show 
the utter fallaciousness of any such supposition ; 
we need only to quote one expériment to set at 
rest any doubt on this point that may possibly exist. 

The experiment to which we allude is as follows: 
a modified Leclanche battery was enclosed in an 
air-tight cast-iron box and moored in the River 
Thames, where it was allowed to remain from 
September 24, 1873, to October 29, 1875, a period 
of upwards of two years, during which time at re- 
gular and brief intervals the bridge of an ome 
platinum wire fuze was heated to a bright red, 
thereby sufficfently demonstrating the efficiency of 
the battery power to perform the work required of 
it; when we last saw the battery, at the beginnin 
of the present year, it was still in fair condition an 
capable of performing its work. 

eferring to our illustration, Fig. 74, page 216, re- 
presents a group of electro-mechanical mines moored 
with their several conductors converging from a 
common battery placed at a short distance from them, 
a multiple disconnector being provided at the battery 
box for the purpose of disconnecting the cable of 
an exploded charge. Fig. 75 shows the method for 
mooring the charges singly ; the battery box in this 
case performs the functions of an anchor or moor- 
ing lump. Fig. 76 gives aside elevation of the 
battery box ; Fig. 77 a plan of the top; and Fig. 78a 
plan of the bottom; a sectional elevation of this 
battery box is shown, drawn to a slightly larger 
scale, in Fig. 79. Referring again to Fig. 74, A is the 
buoyant charge case with circuit-closing apparatus 
complete, similar in all respects to the electro-con- 
tact mines previously described; B a length of 2 in. 
Bessemer steel-wire rope corresponding to the depth 
in which it is intended the charges should be moored ; 
C a “* mushroom” anchor or mooring lump made of 
cast iron and weighing about 5 ewt.; D a circular 
cast-iron battery box ; and E are single-core electric 
cables branching from it to the several charges. In 
Fig. 75, A is the torpedo; B the Bessemer wire rope ; 
C the battery box, which also performs the func- 
tions of an anchor; and D the electrical conductor. 

The sectional elevation of the battery box with 
battery complete, as shown in Fig, 79, is of the pat- 
tern used for single charges ; those designed to serve 
for a whole group are provided with a multiple 
disconnector, for the purpose, as we before stated, 
of disconnecting from the battery the cable leading 
to any individual charge, after the said charge has 
been exploded by contact with an enemy's 


disconnector is employed the covering cap is dis- 
pensed with, a wrought-iron plate being bolted on 
the bottom, as shown by the dotted lines, thus 
allowing sufficient: room for the disconnector and 
seven branching cables, which latter are secured to 
the sides by means of grip-hooks, a * turk’s-head ” 
having been formed at the extremity of each cable 
to insure ‘a secure grip. A is the cast-iron body of 
the box, B the cover also of cast iron, C C bolts 
for screwing it tightly down on to the gutta-percha 
washer D, so as to render the interior air-tight, 
E mooring ring, F cast-iron hexagonal screw plug for 
forcing the ebonite plug hard against the gutta- 
percha washer H, I the cast-iron covering cap, 
J the electric cable, and K the battery, which con- 
sists of five cells,'on the modified Leclanche 
—— fitted together in the-manner shown in 

ig. 80. 

A sectional elevation of the multiple disconnector 
is given in Fig. 81; in principle it is exactly the same 
as the single disconnector described in our last 
article, the only difference being that seven small 
caps, instead of one, are enclosed in a common dome 
made of sufficient dimensions to allow of the ex- 
pansion of the gases generated by the explosion of 
the gun-cotton, &c., contained within the small 
ebonite caps. A multiple disconnector for a group 
of seven charges must, of course, have seven pla- 
tinum wire bridges, and consequently seven small 
ebonite caps to cover them, while there must pass 
through the body of the disconnector eight care- 
fully insulated wires, that is to say, one conductor 
for each disconnector, and one for earth—a single 
earth wire would, of course, serve for any number of 
disconnectors. Referring to our illustration, A is the 
ebonite body, B the small ebonite caps covering the 
——- wire bridges, C the cast-iron dome or shell, 

cast-iron hexagonal screw plug, E gutta-percha 
washer, F extremities of the insulated wires passing 
through the ebonite body A, and should be insulated 
to ys of an inch with india-rubber. Fig. 82 shows 
a sectional plan on X, Y. 

Despite the view we have taken of the system 
now under discussion, its application, and possible 
results, we are by no means sure that it would not 
advance considerably in importance providing some 
slight modification were made in its general details, 
For instance, in putting down a defensive system 
of torpedoes it may prove of paramount importance 
that one or more groups of such torpedoes should 
be placed at some considerable distance from the 
firing station and in a situation so exposed as to 
preclude the possibility of armed boats cruising 
about for the purpose of protecting the cables from 
the enemy who, under cover of darkness, would 
endeavour to grapple for and destroy them, yet 
withal capable of being rendered safe for the pas- 
sage of friendly vessels—that is to say as far as is 
consistent with the safety of the river that they are 
a pe there to guard, which must of course be the 

rst consideration, Surely some such arrangement 
as the following might be practically developed and 
a ar to this system of moored charges that would 
obviate the necessity for employing them as me- 
chanical torpedoes only, encumbered with all the 
disadvantages of the purely electrical system. Sup- 
eve contingencies should arise rendering it expe- 

ient that a number of charges be moored at a dis- 
tance of, say, five or six miles from the nearest fort 
and in such a position as to make it eminently de- 
sirable that they should be capable of being made 
safe for the passage of friendly vessels, what means 
have we for effecting this? At present, certainly 
none, since if mechanical torpedoes were employed 
they could not be rendered safe at the will of the 
defenders, and if electrical torpedoes were em- 
ployed it would only be necessary to sever the main 
conducting cable at any point between the firing 
station and the mines to render useless the entire 
system ; hence it is apparent that what is required 
is an arrangement by means of which the mines 
may be rendered safe at the will of the operator in 
charge so long as the line cable remains intact, but 
in the event of the cable being raised and severed 
by the enemy, that the annexed torpedoes, in place 
of being rendered useless, be merely transformed 
from electrical to electro-mechanical mines, One 
method for effecting this would be to employ an 
electrical shunt for each battery box, so that the 
connexion of the mine or mines with the battery 
would be quite at the option of the operator so long 
as connexion with the shore remained unbroken, 
and to soarrange the mechanism that even allowing 
the firing battery to be disconnected at the time the 
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thereby preventing the battery exhausting i 
through the shattered end of the cable, When the 





connecting cable is severed, should the enemy suc- 
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ceed in effecting this, the fact of the shattered end 
making earth would.serve to throw the firing bat- 
tery into circuit. The proposed apparatus consists 
simply of two electro-magnets between which is 
hung a central armature moving on a pivot near its 
centre ; immediately below the pivot is affixed a 
contact-maker of thin brass, and at the apex is a 
small swivel weight for retaining the armature at 
any position in which it may be drawn by one or the 
other of the electro-magnets, 

Fig. 83 of our illustration gives a sectional view 
of the battery box with battery and shunt com- 
plete, Fig. 84 a plan of ditto, with cover removed, 
and Fig. 85 a perspective view of the shunt con- 
nected up for service; the general principles will 
be readily understood from the following reference : 
A is the cast-iron box enclosing the battery and 
shunt, as shown, B B two ebonite base plugs for 
establishing airtight electrical communication be- 
tween the cables and internal apparatus, C C metal 
hexagonal screw plugs, the purposes of which have 
been already specified, D a three-cell firing battery, 
E a three-cell battery for generating the necessary 
voltaic force to charge the electro-magnets F F, G 
asoft iron armature moving on a pivot at H, Ia 
small balance weight for retaining the armature in 
any required position without the necessity of re- 
taining the battery in circuit, and J the contact 
breaker for throwing the firing battery in or out of 
circuit by the oscillation of the armature. 

The proposed system of working the shunt will 
be readily understood by adverting to Fig. 85. F F 
are the two electro-magnets, G the armature affixed 
to one extremity of the ebonite bar M which moves 
ona pivot at H, [is the leaden balanceweight for 
keeping the bar M and armature C in any re- 
quired position so as to obviate any necessity for 
retaining the battery in circuit; this weight also 
moves on a pivot at N; J isthe contact maker, K 
the brass contact spring ; when these twoare brought 
together the firing circuit is closed, that is to say as 
far as relates to the apparatus under discussion, 
there remaining still to be bridged over the small 
space separating the contact disc from the contact 
springs of the mechanical circuit-closer contained 
within the torpedo, and D and E are represented as 
being the firing and controlling batteries, 

The apparatus would be governed from the shore 
by means of a double-core electric cable ; a single- 
core cable could be made to answer the purpose if 
preferred, but as it would entail greater complication 
and fineness of adjustment, is certainly objectionable, 
the greatest possible simplicity being eminently 
desirable in an arrangement of this kind; the only 
mechanism required at the observing station would 
be a small switch labelled “ firing,” and ‘‘ safe,” each 
of the terminals connected with which two points 
would of course be put to earth, and a simple con- 
trivance for indicating whether or not the cable 
was in good condition and the connexions all 
perfect. 

Supposing it be required to throw the firing 
battery into circuit with the annexed charge, then 
core No. 1 of the electric cable, marked “ firing” 
on the switch at the observing station, would be put 
to earth, when the voltaic current generated in the 
‘* controlling” battery E, the carbon pole of which 
would be put to earth, would flow from the zinc 
pole by the connecting wire X through the helical 
coils of the electro-magnet F along the connexion 
1 by the electric cable to earth at the observing 
station, thus closing the circuit and thereby exciting 
the electro-magnet F’, causing it to attract the 
armature G, and so bringing together the contact 
maker J and spring K, when the firing battery 
current would flow through the connexion S by the 
spring K and contact maker J to the pivot H, and 
80 out along the torpedo line to the charge; to 
reverse it, all that is necessary is to change the 
switch arrangement from “ firing” to “safe.” One 
double-core cable could, of course, be made to act 
for an indefinite number of charges. 





‘in what FROM THE SOUTH-WEST. 

ymou ater Supply.—The Plymouth town council 
have, after a protracted debate, resolved by 18 votes to 13 
to endorse proposals of Mr. Bellamy for the construction 
of a storage reservoir at the head weir. The council 
referred to the Water and Finance Committee the task of 
negotiation with the owners of the land required and the 
Provisions of the necessary ways and means. 


Aberdare.—At the Gadl. collieries during th 
week, the “‘ driver’ seam Tn the old and part 


h it 

nine-feet seam in the Graig pit have Tes stopped. . This 
has necessitated the raising o: 15 horses to'the sarface and 
discharge of about 150 men. At Bwilfa colliery work ' falling 


the 


e 
of the | that 





has been kept on pretty, tantly, while at Synborwen 
con bat Little doing fortnight. 


there has been bu luring the last fortni; 
The Powell D pits have been going steadily, an 
average quantity of coal having been raised, and at the 


Abernaught collieries more than the a quantity has 
been brought to bank. The Lletty Shenkin, Aberdare, 
Coal Company and Davis’ pits have’ been 
employed. At Nantymelyn colliery the Gollwyn lev 
were stopped at the end of last week. 


The Forest of Dean.— During the past week, cold 
weather helped slightly to improve the coal trade, not only 
in the Cinderford ey, but likewise at the West Dean 
collieries. There is difficulty, however, in maintaining 

uotations, and complaints are made of underselling. Atthe 
district iron furnaces, trade is quiet, and orders are scarce. 
Although the tin-plate works at Lydbrook and Lydney are 
in regular work, this branch of industry is at present 
yielding little or no profit. There is a prospect of a re- 
commencement of operations at the Golden Valley Iron 
Mine, the property of Messrs. Brain and Marling, and 
reputed to be of a valuable character. There is a prospect 
also of a new start being made at the Brick Pit colliery, 
Moseley Green, it being intended to develop the deep coal 
at that place. 


Bristol Docks.—It may be interesting to give a few par- 
ticulars respecting the original Bristol Docks. The Bristol 
Docks were formed in 1804-9, at the cost of a private com- 
pany, by diverting the course of the tidal river at about a 
mile from the city, and pl ing dock gates, with an entrance 
lock and basin, at the Hotwells, thus turning the origina 
river from that point upwards into a floating dock. It is 
to be regretted in the interest of the port, that the company 
did not dockise the river throughout its entire length, in- 
stead of commencing the work at six miles from its mouth. 
The company rare | heavy dues, which had the effect of 
giving the port a bad name for high charges, and of crip- 
pling its trade. In 1848, the city purchased the docks and 
greatly reduced the dues (which now compare favourably 
with those at other large ports in the kingdom), and, as 
a result, the trade of the port has quadrupled. 


Gas at Plymouth.—The price of gas at Plymouth will 
be reduced next quarter by 2d. per 1000 cubic feet, viz., 
to 2s. 4d. per 1000 cubic feet. Probably so low a charge is 
without precedent. 


Proposed Lighthouse near Ilfracombe.—In the House of 
Commons on Friday (night, Sir C. Adderley, in reply to 
Mr. Morley, said it was true that the corporation of the 
Trinity Board had decided to erect a lighthouse on Bull 
Point, in the Bristol Channel, and that the Chambers of 
Commerce of Bristol and Cardiff, the Channel pilots, and 
the dock and harbour boards had e ir opinion 
that she aay oe} on Morte Stone would be preferable. No 
other bodies had made any representation to him on the 
subject. The Board of Trade no power to dictate to 
the Trinity Board the selection, of a site for the erection of 
a lighthouse, and, therefore, he could not undertake to 
interfere in order to induce them to change their decision. 








NOTES FROM THE NORTH. 

Giasaow, Wednesday. 
Glasgow Pig-Iron Market.—The warrant market 
suff a further reduction in prices on Thursday, and 
closed fully 9d. under the lowest quotation during previous 
panics. Business opened at 55s., and receded to 54s. 10d. 
one month, and from 54s. 10d. to 54s. 9d. cash, 
closing in the forenoon, buyers at 54s. 10d. and 54s. 9d. 
roupbelively “one month and cash, sellers 1d. more. In 
the afternoon 54s. 9d. fourteen days and one month was 
accepted, and the market closed, sellers 54s. 9d. fourteen 
days, and buyers 54s. 74d. There was again a decline on 
Friday. After a fall of 74d., a slight recovery to the 
extent of 24d. took place, and the week closed with the 
oy 10d. under the closing rate of the preceding Friday. 
the forenoon business opened at 54s. 6d., and after- 
wards 54s. 4d. was acceptable. The forenoon closed, 
sellers 54s. 4d. cash, buyers 1d. less. In the afternoon 
54s. 1d. was the first transaction, but prices improved 
slightly to 54s. 4d., at which buyers closed, sellers being at 
54s. 4¢d. The partial recovery from the heavy fall of last 
week, which took place at the close, was not maintained on 
Monday. Prices opened at 14d. per ton under the lowest, 
and receded further, closing 54d, under Friday’s quota- 
tions. Business opened in the morning flat, but a good 
many transactions took place at 54s. cash and 54s. 14d. 
one month, closing buyers at those prices, sellers 1}d. per 
ton more. In the afternoon 53s. 9d. was touched, but the 
final transactions were at 53s. 10}d. cash, and 54s. one 
month. The closing figures were, sellers 54s. 14d. one 
month, buyers 14d. less. The warrant market wengue 
backward yesterday, and prices fell 3d. per ton under those 
of Monday, the current rate being 3s. under that of yester- 
day four weeks. In the forenoon business was done at 
53s. 104d. and 53s. 10d. one month, and 53s. 9d. fourteen 
days and cash, closing sellers, 53s. 10}d. one month, and 
buyers 53s. 9d. cash. Prices receded still further in the 
afternoon, those at the close being 53s. 9d. one month, and 
buyers 53s. 74d. cash, The market was again flat this fore- 
noon, when a small amount of business was done in warrants 
at 53s. 6}d. to 53s. 6d. cash, also at 53s. 7d. one month, 
ing sellers 53s. 6d. prompt cash, buyers at the same 
price with ten days to pay. There was a little more firm- 
ness in the afternoon, and business was done at 53s. 6d. cash 
and nineteen days, also at 53s. 74d. one month fixed, 
closing buyers over, sellers 53s. 74d. cash. A t deal of 
has been effected lately, and it is thought that 
when the timid holders have been relieved the market will 








ponding week of last < 


naces in operation, the same number as at this time last 
year. 

The Finished Iron Trade.—This branch of trade con- 
tinues to be fairly steady, plentiful and 
prices are being pretty well maintained, although they are 
not very remunerative. 

Sale of Messrs. Napier and Sons’ Shipbuilding and 
Engineering Works.—The far-famed Lancefield fingine 
Works and the Govan <y ge: Yard, owned | by 
Messrs. Robert Napier and » were sold bg 
auction this afternoon. They realised 270,001., or 200,0301. 
above the upset price. 

The Water Supply for 
Districts.—Bailie Young, of lasgow, broke the 
yesterday forenoon in connexion with the operations to be 
commenced at Cockmuir to give a water supply to the 

and Balgray districts, which form one of the 
northern suburbs of G@ ding that the Loch 
Katrine water would not rise to within a considerable dis- 
tance of the height of- the buildings in the district, the | 
Barony Parish l Authority communicated with Mr.’ 
Gale, engineer of the ge Water Commissioners, who 
recommended a scheme, which was approved of, which 
the Loch Katrine water wil be carried by grave to a 
reservoir at Hastfield, and pum: from there to another 
reservoir to be erected at uir. The Hastfield re- 
servoir will contain 300,000 gallons, and t+ at Cockmuir 
900,000 gallons. The cost of the two 


_ of ction by = Canal Basin Foundry 
. After ‘0 ceremony yesterda; 
Baile Ye wtstol’ thet enficient ground had been pro. 
cured to enable the works to be duplicated, should that be 
found necessary. 
The Monkland Iron and Coal 


ee and rinse | 


Company.—In the sixth 


annual rt which has just been issued by this company 
it is stated that there is Sy aaek linbiand nol aeaeat 
as 


ironstone in the mineral fields leased 


for the next fifteen years, and that there 
for the annual production of 80,000 
25,000 tons of malleable iron for the 
also stated that the com have 


the foregoing 
valuable acquisitions. 

The Pattern-Making Trade.—It would almost seem as if 
we were about to experience a revival in the engineering 
Jee pe eyed oe the local demand for pattern- 
makers. I find no fewer three advertised for on one 
day in one of the local daily papers. 

Edinburgh and Leith Engi x eager A of 
this Society was held last Wednesday night—Mr. William 
Allan Carter, C.E., in the chair. A paper was read by Mr. 
Nicholas Watt, 0.6 

Dunfermline Water Works Contract.—Messrs. Stewart 
and Crerar, Carmunnoch, near Glasgow, have secured the 
contract to lay the pipes for the Dunfermline new water 
works scheme, at a cost of 74871. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MiIppLEsBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday there was a 
attendance on ’Change at Middlesbrough, pat coe the 
amount of business transacted was exceedingly . The 
market was in fact flatter thau it has been for several 
weeks past, and prices were er. Pig-iron makers are 
offering their iron at cheap rates in different markets, but 
they cannot meet with purchasers. Stocks are large, and 
are increasing, Scotch makers ha: brought down their 
prices 2s. per ton, and the effect of this was to reduce the 
uotations in the market. No. 3 is offered in 
Middlesbrough at 48s. per ton by makers, but it can be 
purchased for less than that figure for cash. It is quite 
clear that unless there is an improvement soon some ers 
will be driven into such a position financially as will 
compel them to blow ont some of their blast furnaces. 
Exports are below the usual average, and the home re- 
uirements are a comparative trifle. People engaged in 

the iron trade take a gloomy view of the near future. 


The Finished Iron Trade. — General dulness still 
c ises the finished iron trade of the North of Eng- 
land. Rail-makers talk as though their trade had gone 
never more to return. Bars are quoted 61. 2s. 6d. ; best 
bars, 6/. 12s. 6d.; best best bars, 7/. 128. 6d.; angles, 
61. 12. 6d.; ship plates, 7l. 2s. 6d.; sheets, singles, 
81. 10s., per ton, all Puddled bars are 
4l. 2s. 6d. net cash. These prices are for iron, delivered 
on trucks at works. Iron founders are fairly well employed 
on pipes and chairs. Recently the F 
Company have taken an order for 17,000 bowl chairs for the 
ways, and a order for railways in 


less 2} per cent. 


Cleveland Institution 
of the session) was h 
Literary 


and Philosophical 
Middles' h, on the evening of 
Mr, Thome Whitwell, Prosdent, in 


Engineers. —The fourth 
[ in the hall of the 
Monday, March 12, 


the chair. After 


a 
















































216 





ENGINEERING. 


[Marcu 16, 1877, 





usual routine business Mr. Bainbridge’s paper on “‘ Peat 
Fuel Machinery” was discussed chiefly with regard to peat 
Gharecal dust a0 o Gust faci Ser paddling furnaces, in w' ich 
Mr. Head and Mr. Bainbridge took the most prominent 
. Mr. Head’s opinion being decidedly adverse. The 
Th eee 

ineering,’’ which was li out wi e 
most marked attention, ooneny interrupted by applause. 
Mr. J. E. Stead, of Middlesbrough, then read a paper 
on “Phosphorus in Cleveland Ironstone and in Iron.” 
The paper was the result of investigations made by the 
author during a iod of three years, which were 
classed under the following heads: 1. The compounds in 
which phosphoric acid existed in Cleveland ironstone. 2. 


Met’ eliminating phosphoric acid from the iron ores. 
3. The compounds in which phosphorus exists in Cleveland 
metal. 4. The effect, physically and chemically considered, 


which phosphorus has upon pig metal. 5. Methods of re- 
moving phosphorus from pig iron. 6. Phosphorus in bar 
iron. By an analysis given of C ironstone, it was 
shown that there was no of the ironstone bed free 
from as acid. Under the first head the reader 
described the various methods by which he came to the con- 
clusion that the phosphoric acid exists in combination with 
lime, and not with iron, as has been supposed Aa nee . An 
analysis of fossilised wood was here given, which showed 
the presence of about 45 per cent. of phosphate of lime in 
the substance of the wood. He next referred to the 
method of Jacobi for removing phosphoric acid from 
the iron ores, which was briefly descri as follows : 
The porous ores are placed in large tanks, and there 
treated with sulphurous acid, and about 90 per cent. 
of the phosphatic compound is, by this treatment, dis- 
solved out of the ore. The liquor is then run off, and the 
ore dried and sent to the furnaces for smelting. Results 
of experiments upon the Cleveland ironstone were given, 
which proved that, although sulphurous acid dissolves the 
hosphoric acid to the amount mentioned above, from the 
ely powdered calcined stone, yet it had very little effect 
when added to large lumps. e next method described 
was that of Forbes, honed the action of common salt 
when f with iron phosphate. The porous ore is first 
saturated witha strong solution of common salt and water, 
afterwards removed by heat, and the ore containing the 
salt throughont its mass subjected to calcination. On that 
basis it was held that phosphoric acid is rendered soluble 
in water, and the ore only required to be washed to free it 
from that objectionable substance. Experiments made 
by the on the Cleveland stone 
trace of phosphorus could be removed by it-, The last method 
mentioned was that based on the action of carbonate of 
soda when fused with phosphate of lime ; but this method 
was also found to be of no value in removing phosphorus 
from the Cleveland ironstone. The results of experiments 
were then shown to prove that phosphoric acid was not 


removed in the smelting process by the use of fluorspar as | - 


a flux. In s g we a third part of the paper—the 
state of combination of phosphorus and pig metal—it was 
stated that iron and phosphorus very ily combined at a 
red heat, forming extremely brittle and fusible compounds. 
The results of experiments were then given, showing that 
semi-fluid Cleveland iron 
be expressed, containing 88 per 
cent. of iron and 12 per cent. of phosphorus. er me- 
thods of investigation were then described, which showed 
the probable presence of several different phosphides 
iniron. In referring to the fourth head, the reader stated 
phosphor makes pig iron more brittle, and also that its 
presence, together with about 5 per cent. of silicon, had a 
great deal to do with the glazed appearance of the iron 
occasionally uced in this district. The chemical action 
of phosphorus was shown to be such as to prevent the 
carbon from —— from the pig iron as graphite when 
the fluid metal was run out to set. Referring to the 
method of removing phosphorus from the pig iron, the 
lecturer stated that owing to the shortness of time he was 
not able to give the results of all his researches, and there- 
fore wonld only mention some features of the common 
method of purification by oxide of iron. It was shown by 
experiments that the action between the phosphorus in 
pig metal and the oxide of iron was a purely chemical one, 
and that the work which puddlers put upon the iron is only 
to bring the iron throughout its entire mass to the presence 
of oxide of iron in a fluid or semi-fiuid state. It was shown 
that, by simply shaking up ix a crucible, Cleveland iron 
containing 1} per cent. of p horus and fluid mill tap for 
about a quarter of a minute t the refined iron would 
remain in the fluid state, containing only 0.04 per cent., 
that is to say, 1.46 per cent. had been removed. Iron at 
an extremely high temperature had very strong attraction 
for phosphorus ; so strong, in fact, that by simply fusin, 
it with phosphoric acid it took up the phosphorus an 
formed phosphide of iron. The resuits of ex ents were 
shown in which a compound containing 15 per cent. of 
phosphorus and 85 per cent. of iron had been produced in 
this way—that cinder, which is capable of removing 
—- from pig iron at a low temperature, is in- 
capable at a high temperature. This was proved b 
the results contained in a Bessemer converter. t 
was also shown that when pure iron is fused with 
puddlers’ tap cinder in the presence of silica the phosphorus 
was taken up from the tap to such an extent that the 
per cent. under the last 
head ; he spoke of the fact that phosphorus produces brittle- 
ness in iron ; in conclusion he gave an analysis of 
three samples of finished bar iron made at the Tees-side 
Iron Works, from Danks’ furnaces, by Hopkins, Gilkes, 
and _ in — it was a that = removal of phos- 
phorus by 0) was almost perfect. The 


-08 per cent., of which about 
04 per cent. was with the cinder enclosed in the 
bar. Without comparisons, he thought they must 


making 
all agree they could not have better iron. 


roved that not a}. 


ELECTRO-MECHANICAL TORPEDOES. 
(For Description, see Page 214.) 


Fig .74. 


















i: ee , Fig 95.* 

















We annex illustrations of an apparatus designed by 
Herr W. 8S. V. Essen for cleaning boiler tubes by means 
of steam. It consists of a bent pipe D placed inside the 
smokebox or combustion chamber. When applied to 
marine boilers the lower and horizontal part of the pipe 
is suspended below the bottom gow of tubes in the 
smokebox ; but for stationary boilers the corresponding 
pipe is placed in the combustion chamber above the top 
row of tubes. The pipe is furnished with perforations 
placed at distances apart corresponding to the pitch 
of the tubes. The pipe D communicates with the 
boiler, through the jointed pipes F F and the valve 
E, and by means of the lifting apparatus H, I, K, 
ean be lifted at will. When it is desired to clean 
the tubes the pipe D is raised until it is opposite 
and central with the bottom row. The valve E is 
then opened, and the steam passes through the flues 
and cleanses them. This operation is repeated at 
—_ row of tubes, = pipe D is finally returned 

its normal position. is apparatus has been largel 
used in Germany. Of course there is nothing a. 
in employing a steam jet for tube cleaning, but Mr, 





ESSEN’S TUBE-CLEANING APPARATUS. 











Essen’s arrangement is a convenient one for carrying out 
the process. 





Tron Maxtna.—Recently a deputation from the British 
Iron Trade Association waited upon M. Gavard, of the French 


Embassy, and the revision of the French tariff upon 
iron and steel. ter they had laid their case before that 
gentleman he a a list of questions which he desired 
answering in detail. The information has now been supplied. 


As far as the North of England is concerned it is stated 
that the price of ing coal, delivered in Cleveland, 
varies at present from 7s. to 8s. per ton of 2240 lb., while 
coke and coal from 8s. to 9s. per ton. The iron ore 
used is mostly Cleveland, which costs, delivered at the 
furnaces, from 5s. 6d. to 6s. per ton, yielding 30 per cent. 
of metallic iron. At the blast furnaces keepers earn about 
6s. 7d. per day, chargers 4s. 11d., 4s. 5d., blast 
enginemen 5s. 4d., fillers 4s. 2d., coke fillers 3s. 9d. About 
25 ewt. ton of pig iron made, and 

. of limestone. The average 
production of blast furnaces varies from 300 to 400 tons per 


week. The cost of labour ton of iron made is 
4s. 6d. to 5s. per ton. A finished iron works in this district 
is estimated to cost 12001. per puddling furnace, 
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HOW TO ADJUST LINE SHAFTING. 
By JosHvua Rose. 

Frest prepare a number of rude wooden frames, such as 
are shown in Fig. 1. They are called targets, and are 
ieces of wood nailed together, with the outer edge 
ace, A, planed true, and having a line B marked 
parallel with the planed edge and about ? in. inside 





of it. This is intended for use as a guide in conjunction 
with the plumb line shown in Fig. 2, attached at B. 
The next p ing is to stretch a line parallel with, 
but vertically below the line of shafting, sufficiently to 
clear the largest hub upon any of the pulleys on the line 
of shafting, as shown in Fig. 3, in which A represents the 





shafting, B the largest pulley hub, and C the stretched line. 
In adjusting this line, we have, however, the follo con- 
siderations : If the whole line of shafting is parallel in 
diameter, we set the line equidistant from the shafting at 
each end. If one end of the shafting is of larger diameter, 
we set the line further from the surface of the shafting, at 
the small end, to anamount equal to one-half of the difference 
in the two diameters ; and since the line is sufficiently far 
from the shafting to clear the largest hub thereon, it makes, 
so far as stretching the line is concerned, no difference of 
what diameter the middle sections of shafting may be. The 
line should, however, be set true as indicated by a spirit 
level. 

We may now proceed to erect the targets as follows : 
The planed edge A, in Fig. 1, is brought true with and to 
barely toucb the stretched line, and is also adjusted so that 
the plumb line B, in Fig. 2, will stand true with the line or 
mark B, in Fig. 1. When so adjusted, the target is nailed 
to the post carrying the shafting hanger. In performing 
this nailing, two nails may be slightly inserted so as to sus- 
tain the target, and the adjustment being made by tapping 
the target with the hammer, the nail may be driven home, 
the operator taking care that driving the nails does not alter 
the adjustment. In Fig. 4, A A represents the line of shaft- 


i 


a”: 
Or; 


live 


| 





ing, B B two of the hanger posts, and C C two of the ad- 


j . 
rep Meeyey -y eth, ieee rting oeaething 
scribed a each of the posts supporting a shafti 
,» We may remove the horizontal stretched line, 
and take a wooden igh long enough to reach 
from one ‘post to another. Then inning at one end 
of the shafting, we as the flat side of the straight- 
edge against the planed edge of two at a distance of 
about 15 in. below the top of the shafting; and after 
leve the straight-ed with a spirit level, we mark 


(even with the ed 
planed edge of 
edge 


and C C the targets. D represents the line on the first 
and E the line on second. F is the igh 


ready to form a guide bevy the line D may 


H 


carried forward, level and 3, and so on 
across all the The line t is the standard 
whereby the shafting is to be adjusted ically ; and for 
the adjustment, we must take a piece of 


in Fig. 6, 15 in. from the edge A (as denoted by the do 
line in Fig. 6) ; and it is evident that we have only to adjust 
our shaft for vertical height so that, the gauge (shown in 
Fig. 6) being applied at each target in the manner shown 
in , thes will be set exactly true, when the mark 
C on the piece of wood comes exactly fair with the lines D 
marked on the targets. 


Fic.6é. 





For horizontal adjustment, all we have to do is to place a 
straight-edge along the planed face of the target, and adjust 
the shaft equidistant from the Ty we, as shown in 
Fig. 8, in which A is the shaft, B the » Cthes ht- 
po me ger pace ead plead pind. pad Tf, ¢ oe 
we apply the straight-edge wood gauge at every target, 
and a the adjustment, the whole = of shafting wit be 
set level and true. 

There are several points, however, during the latter part 
of the process at which consideration is uired. us, 
after the horizontal line, marked on Fogg ame by the 
straig 7 and used for the vertical adjustment, has been 
struck on all the targets, the distance from the centre of the 
shafting to that line should be measured at each end of the 
shafting, and if it is found to be equal, we may proceed 
with the adjustment ; but if, on the other hand, it is not 
found to be equal, we must determine whether it will be well 
to lift one onl of the shaft and lower the other, or make the 
whole adjustment at one end by lifting or lowering it as the 
case may be. In coming to this d tion we must 
bear in mind what effect it will have on the various belts, in 
making them too long or too short ; and when a decision is 
aaah we must {mark the line C, in Fig. 6, on the gauge 
accordingly,*and not at the distance represented in our 
example by the 15in. 

The method of adjustment thus pursued possesses the 
advantage that it shows how much the whole line of shaft- 
ing is out of true before any adjustment is made, and that 
without entailing any great trouble in ascertaining it ; so 
that, in making the adjustment, the operator acts in- 
telligently and does not commence at one end utterly igno- 
rant of where the adjustment is going to lead him to when 
he arrives at the other. Then, again, it isa wy. correct 
method, nor does it make any difference if the shafting hus 
sections of different diameters or not, for in that case, we 
have but to measure the diameter of the shafting, and mark 
the adjusting line, represented in our example by C, in Fig. 6, 
accordingly, and when the adjustment is completed, the 
centre line of the whole length of the line of shafting will 
be true and level. This is not ily the case, if the 
diameter of the shafting varies and a spirit level is wu 
directly upon the shafting itself. In further explanation, 
however, it may be well to illustrate the method of opply: 
ing the gauge shown in Fig. 6, and the straight-edge C and 
uge 6. shown in Fig. 8, in cases where there are in 
fhe same line sections of shafting of different diameters. 
Suppose, then, that the line of shafting in our example has 
has a mid-section of 24 in. diameter, and is 2 in. atone, and 
24 in. in diameter at the other end. All we have to do is 
to mark on the , shown in Fig. 6, two extra lines, 
denoted in Fig. 6'by D and F. [f the line C was at the 
proper distance from A, for the section of 24 in. in diameter, 
then the line D will be at the proper distance for the section 
of 2in., and E at the proper distance for the section of 
in, in‘diameter; the distance between C and D, and 
between © and E, being } in., in other words, half the 
amount of the difference in diameters. In like manner for 
the horizontal adjustment, the gauge piece shown at D in 
Fig. 8 would uire when measuring the 24 in. section, to 
be fin. pew tnny ove for the 2 in. section, while for the 24 in. 
ion would require to be } in. shorter than that for 
the 2 in. section, the difference again being one-half the 
amount of the variation in the respective diameters. Thus 
the whole process is simple, easy of accomplishment, and 


very accurate. 
“tt the line of shafting is suspended from the posts of a 


ceiling instead of from uprights, the method of procedure is 
the same, the forms of the to suit the 


ines nt the 
conditions. The process only requires the faced edges 
of the shall all stand plumb and true with the 


— a It will oe that the epic ae (shown 
on the target in Fig. 2 a are provided simply as es 
vey age Mad od nog Cea. and are put at about # in. inside 
of the ed edge so as to be out of the way of the stretched 
the stretched line is 


Teis of consequence how 
meses r urb the correct ad- 


since its sag does not in any manner 
justment. 





Locomorivzs In GéRMANY.—A contract is about to be 
let at Gluckstadt for seven locomotives with tenders for the 








Gluckstadt and Elenshorn Railway. 


y PUDDLING BY NATURAL GAS. 
the Use of Natural Gas for Puddling and Heating, 
at Leechburg, poi lvania.* ° 
By A. L. Houizy, C.E., New York City. 

é occurrence of this gas, in quite ay Fare 
tities, has been observed for many years in itd escape 
the creeks of Western Pennsylvania, and 
in much larger quantities, from the oil 
Vv County. Within about 
wells Sies been struck, from which 

Daring the last ‘year a temp 

to utilise the flow of one of these wells, and re- 
sults have been reached which were quite wi 
This well, near Leechburg, Armstrong County, is about 
twenty miles north-east of Pittsburgh, on one of the side 
tributaries of the Allegheny river. It had been drilled im 
search of oil to a. depth of 1250 ft. in 1871, but none 
was found. A great flow of gas was however, 
accompanied by a slight spray of salt water, and this has 
continued with little or no diminution to the present time. 
The gas in its escape has been di through a 5 in. 
pipe, and at a pressure of from 60 1b. to 80 lb. per square 
inch, but no exact determinations, either of the pressure er 
othe eelling Ait of Mase Rogers and Burchfield 

rolling mi essrs. Bure is on 
the opposite side of the river, and it has been for some 
ears devoted to the ee of fine oe aot iron 
rom charcoal pig metal, dling in bling 
fires. The usual weekly product of the mill has been 

reg of No. 30 tin-plates, and 50 tons of No. 24 to 28 
8 


The well was bought by this firm for 1000 dols., and the 
Oe eS tees Se ree Se istance of ft., through a 

in. pipe. It is distributed throngh half-inch pipes, and at 
a pressure of about 45 Ib. per square inch, to several of the 
furnaces, but a large fraction of the total flow of gas is 
still wasted at the well. 

No essential alterations in any of the furnaces have been 
found necessary in the use of the gas fuel, except to brick 
up the fire-bridge and put in the gas and air pipes. The 
old grate used for coal is | covered with bricks and 
cinder, so that a slight percolation of air may take place 
through them. The gas is admitted through a half-inch 
pipe, and blows toward the fire-bri through 18 or 20 
one-inch jets. The air is blown in at about 2 lb. pressure, 
through 2} in. jets, obliquely down upon the centre of the 
hearth, and a very perfect combustion is obtained. 

A great improvement is eff in the quality of the 
product of the puddling farnaces by the combined action 
of the gas and air blast. The air is blown in during the 
melting, but it is then shut off until the boiling begins. 
It is then turned on full, and a violent boiling action is 
maintained without any rabbling. It is thus found prac- 
ticable to use one-half miscellaneous cast scrap iron, and 
one-half “‘ Lucy” No. 3 coke pig metal in producing the 
best sheets for tin-plate, a better quality being thus obtained 
t from charcoal pig metal as commonly puddled. 
Later observations, however, seem to indicate the proba- 
bility of even more satisfactory results by the use, in’ con- 
nexion with the gas flame, of a small auxiliary fire of coal. 

The saving in either case in labour of firing is obviously 
almost total, for the flow of gas into the furnace is con- 
trolled by a ~~ gate or valve. It is clear, too, that 
many other difficulties, —— heretofore in the use of 
solid fuel, are almost wholly eliminated. 

A material increase in mill is effected by the use of 
the gaseous fuel, the amount of sheet iron made in each 
24 hours being about 13 tons, as against 10 tons in the 
older way but with the use of the same furnaces and 
lant. The very important saving is also effected of from 
to 70 tons of coal in the same time, the only cost 
whatever in the use of the being the small maintenance 
and interest charges vpon the fixtures and upon the original 
cost of the well. 
Ten heats can be made by the two turns between 
3.30 a.m. and 7 p.m., about one and a half hours per heat, 
and this is a clear saving of one-sixth in the time formerly 
occupied in the two turns’ work. A common ¢ for 
each heat is 460 Ib. “‘ Lucy” pig metal, and 50 Ib. to 80 Ib. 
cinder from the rolls or the hammer. The yield in the 
bloom is from 480 lb. to 490 lb. for each heat. It has 
been found that 500 lb. of ore for fi will last the 
five furnaces for a week with gas fuel, while with coal, in 
two turns and at one furnace, 800 Ib. has been i 
The waste in the rolling and all the later working of the 
sheets, is greatly in favour of the iron pud in the 
pee Senos, as it is softer and more uniform in quality and 
texture. 
The reduction in the cost of the blooms thus made is 
very marked, those made from the scrap and pig mixture 
ee to the gas furnace at 45 dols. per ton, while 
} yh oom pig blooms, as puddled with coal, have cost 
ols. 
™ natural s thus ~ d = af we furnaces om 
puddling, two for heating piles, three for annealing, an 
four for heating thin ae fourteen in all, In the pile- 
heating furnaces a -inch pipe supplies gas enongh te 
heat 8 or 10 tons of sheets per turn. : 
One new form of furnace has been desi for use with 
the gas fuel. This has no firebox at all, but the gas is 
blown down upon a shelf, like the ordinary bridge wall of 
a furnace, and it is thus spread out into a thin sheet. The 
air jets are directed down into and through this sheet of 
flame. Four or five air jets are also set so as to blow 
> ti into the hearth, and as many of these are used as 
may be needed. . fi 
The is a jareet bee of oe:  ewacom a eg se 
supply for each being delivered through a one- pipe. 
yy of old bricks is roughly piled on the grate, and by 


* Read before the American Institution of Mining 
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the discharge of the gas beneath the boiler, through a hole 
in the front, a sufficient flow of air is induced, and a long 
and effective flame is maintained, with an entire absence 
of smoke. 

The lowest approximate | ea "7" has jae oie of 
the q ity of discharged by one ese large flow 
wells is 1,000,080" cubic feet per twenty-four hours. Bid 
for the sake of a comparative estimate, the amount 
of similar gas yi by the coal of the same region be 
taken at three cubic feet per pound, then one of these wells 
would represent, in its flow of gas, a production of about 
150 tons of coal per twenty-four hours. 








THE NEW PATENT BILL, 


Tux following is the complete set of resolutions (includ- 
ing two referred to in our last issue) passed at the Society 
of Arts’ conference on the 6th and 9th, Major Beaumont, 
R.E,, M.P., in the chair. 

1. That this meeting is gratified to perceive that the 
necessity for additional Commissioners of Patents is re- 
cognised, but at the same time it desires most strongly to 
express the opinion that spch Commissioners should be 
paid, the meeting being of —- that unsalaried officials 
cannot be expected properly to perform the important 
duties required of them. . 

2. That no adverse report of an examiner, even with a 
right of appeal, ought to preclude an applicant from ob- 
taining a patent, at his own cost and risk. And further, 
that reports containing opinions of Patent Office authorities 
ought not to be made a ablic, but that opportunity should 
be given to the applicant of amending his specification, by 
inserting reference to matters discovered by the authorities, 
with a ite statement of what he nevertheless claims. 

3. That compulsory licenses are not desirable. 

4. That sub-section 1 of Clause 22 of the Bill, relating to 
compulsory working, ought to be omitted. 

5. That the provisions of the Bill, so far as they relate 
to the amendment of specifications by way of disclaimer, 
explanation, supplement, or otherwise, and to the prolon- 

tion of the term of a patent to 21 years, should be ex- 

nded to existing patents. 

6. That the requirements of the Patent Office be properly 
provided for, a suitable museum and public library 
maintained, before the funds derivable from stamp fees 
are used for the general prnpesse of the State. 

7. That with a view to avoid obstruction to the pro- 
duction'of inventions for public use by prohibitory taxation, 
the stamp duties on patents in all stages should be 
materi reduced, particularly in the initial proceedings, 
and that it is not desirable that the fees or stamp duties, 
levied on inventors in respect of patents for inventions in 
the United Kingdom, should materially differ from those in 
other States likely to be competitors in manufactures. 

8. That any reduction of stamp duties should be made 
applicable to all existing patents. 

tf That the three last lines of Section 2% of the Bill 
should be omitted, viz., ‘‘The provisions of this section 
—' to a foreign patent shall extend and apply toa 
colonial patent (that is, a patent granted in any part of 
Her Majesty's dominions out of the United Kingdom. )’’ 

10. That sub-section 4 of Section 23 of the Bill should be 
omitted, viz., “The patent shall cease on the cesser of the 
foreign patent or of such one of the foreign’patents (if more 
than one) as first ceases.”’ 

11. That a deputation’be appointed to wait onthe Attorney- 
General with a copy of the resolutions, and in case he shall 
not accede to the same, then that the chairman, or some 
other member of Parliament, be requested to propose in 
committee amendments in conformity with the resolutions. 

Last week we gave a number of resolutions adopted at a 


meeting of London patent ts presided over by Mr. 
mooting the following additional 


Tongue. At a subsequent 
resolutions were passed : 

10, That after Clause 19 the following words be added : 
‘On the sealing of the patent the Commissioners shall 
make public the complete specification, but should the 

plicant decline to amend his specification as required by 

@ Commissioners, or should a patent be refused on the 
ground of fraud or use the invention is contrary to 
public morals, the complete specification shall be returned 
to the applicant and not made public.”’ 

11. That in Clanse 20 the words “ fifth,” “ tenth,” 
“*fifteenth’’ be substituted for the words “third, 
**seventh,”’ and ‘‘fourteenth’’ in lines 10 and 11, and 
also for the words “‘ third,’’ “‘ seventh,” and “‘ twelfth’’ in 
lines 12 and 25 respectively. 

12, That Clause 22 be expunged. 

13. That in Clause 23, sub-section 2 be expunged. 

14. That in Clause 23, sub-section 3, the words “‘ within 
thet eee of six months,” be expunged, and that there be 
ad at the end of the sub-section the words, ‘‘ if occur- 
ring within a period of twelve months from the date of the 
foreign patent, or of the earliest foreign patent (if more 
than one).”’ 7 

15. That in Clause 23, sub-section 4 be expunged. 

16. That in Clause 27, between lines 18 and 19, there be 
inserted the words : 

** All assignments, licenses, charges, incumbrances, or 
other documents registered in respect of any patent shall 
take rank and have priority in t of the order of their 
respective registration without reference to the date of the 


document. 

17. That in Clause 53, line 5, page 14, the words “‘ and 
of models’ be expunged. 

18. That in Clanse 53, lines 15 to 18, page 14, the words 
commencing with ‘“‘and reports’’ to the end of the para- 
graph be expunged ; and that the word ‘‘ and’’ be inserted 
after the word “ drawings’’ in line 15. 

19. That a clause be inserted in the Act as follows : 

** That all rules made under this Act shall be laid before 
both Houses of Parliament within 14 days after the 


and 
» 


be not sitting, then within 14 days after the next meeting 
of Parliament.” 

20. That in Clause 64 all the words in line 39 and the 
words in line 40 up to and including the word ‘‘ granted’ 
be expunged. 

21. That in Clause 65 the word ‘‘six’’. be altered to 
‘*twelve’’ in line 7 and 13. . 

22. That the second schedule be altered by substituting 
the words ‘‘ five,” “‘ten,’’ and ‘“‘fifteen’’ for the words 
‘*three,’’ ‘* seven,”’ and “‘ twelve’ in lines 9, 18, and 17 
respectively. 

23. That in the second schedule the words following be 
added after the word ‘patent’ in line 23, viz., ‘“‘ but not 
if to meet any objection or requirement of the examiner or 
other official.’’ 








THE MINERAL WEALTH OF JAPAN. * 
By Henry 8S. Munroz, E.M. 
Continued from page 175.) 

Amber.—A fossil resin resembling amber occurs in small 
rounded masses in the coal and lignite’ of many localities 
inJapan. Near Kuji, in Kunohe kéri of Iwade ken, such 
a fossil resin occurs ; both in beds of lignite, and distributed 
through a soft greenish sandstone. This sandstone contains 


coal. The strata are nearly horizontal, dipping east about 
four degrees, and contain amber over an area of about two 
or three square miles. 
The amber deposit is reached by vertical pits about 50 ft. 
deep, at the bottom of which irregular workings follow the 
pom, Poateg which is mined and brought to the surface, 
where the resin is — out or separated by washing. The 
its are very badly ventilated, and neither lamps nor 
mboo torches can be made to burn. to say, the 
miners work for hours in this atmosphere, and are troubled 
only by a slight headache. One miner obtains from 
12 lb. to 14 tb. of amber per day; while the preliminary 
work of sinking the pit, requiring 150 days’ labour, costs 
but ten or twelve ret od 
The amber is of inferior quality, usually opaque or cloudy, 
and very much fissured. I could not learn to what use it is 
applied ; but it is sent to Tokio, and is probably used for 
making ornaments. At the time of my visit, the miners 
had about a ton in stock awaiting order from Tokio. The 
field is nearly exhausted ; but similar deposits are reported 
to occur in several other parts of Japan. 

Iron.—Of the metallic minerals, the ores of iron are the 
most abundant. Nearly all the different ores are found in 
Japan, but magnetite and magnetic iron sand are the most 
important, being used almost to the exclusion of all others. 
Probably one-third, and perhaps one-half, of the iron made 
in Japan is produced from iron sand by a very interesting 
direct process, which I shall have occasion to describe at 
another time. 

Iron Sand.—From an imperfect list of localities, com- 

iled from various sources, I find that iron sand occurs in 
Bs of the 35 ken of the empire. According to the official 
list of mining permits, there were over 400 different mines 
of iron sand worked in 1874. The volcanic and many of the 
metamorphic rocks contain magnetic iron in fine crys- 
tals; and, in the disintegration of these rocks the 
action of the sea, the heavier iron sand is separated and 
forms beds of ter or less thickness on the shore. The 
old alluvium, formed in a similar way, but now elevated 
above the sea in high terraces, contains similar beds, often 
buried below thick layers of sand and clay. Finally, in 
many places, the volcanic or metamorphic rock contains so 
large a proportion of magnetic iron t 
Ss mine it and separate the iron sand by crashing and 
washing. 

As an example of the first class, we may take the beach 
deposits of iron sand in Yesso. The following notes are 
re from Mr, Lyman’s description in his preliminary 

rt. 
etic iron sand is found on the sea beach near 
Yamakushinai, in Iburi province, on the shore of Volcano 
Bay ; and near Kobui, in Oshima province, on the eastern 
extremity of the peninsula east of Hakodate. Iron sand 
occurs in many other localities ; but these are the only 
workable places yet found. 

The deposit at Yamakushinai is perhaps 10 miles long, 
and averages 20 yards in width, with a mean thickness of 
about 6 in., making a total of about 120,000 tons of pure 
ore. The ore, previously washed, was used, some 12 years 
ago, in a forge in the vicinity, for the luction of iron by 
the Japanese process ; but it was found difficult to smelt on 
account of the presence of titanic sand. 

The iron sand of Kobui is said to be more easily smelted 
and seems to be purer. The A is, however, very 
small; amounting, according to Mr. Lyman, to not more 
than 5000 tons. 

As an example of the occurrence of iron sand in the old 
alluviam, I will describe briefly the important deposits of 
Kunohe kéri of Twade ken, which I visited in the fall of 
1874. The ore deposits occur on an extensive sloping 
terrace or table-land, composed of metamorphic rock, 


mica schists, quartzites, &c., ‘ . 
sea, and everywhere co by beds of yellow sand and 
sandy clays 40 ft. to 50 ft. thick. The ore is a dark red 
sandstone, with 30 to 50 cent. of iron sand in thin 
laminew, or distributed through the mass. It occurs 
1 on the surface of the metamorphic rock and under 
the alluvium, in beds 1 ft. to 3 ft. thick. This sandstone, 
which is quite friable, is easily crushed, and the magnetic 
sand separated by washing. 

The surface of the table-land is much cut up and eroded 


making thereof, if Parliament.be sitting, and if Parliament | by 


beds of conglomerate, and here and there thin laine of | Magn 


t it is found profit- | ! 


small streams, and crossed inseveral places by deep 
valleys of larger rivers. The deposits of iron ore are in 
this way frequently uncovered, and secondary deposits are 
formed in the beds of the smaller streams. In many cases, 
however, the action of the streams merely removes so 
much of the overlying sand and clay, that the ore is found 
within 12 ft. or 15 ft. of the surface. 

Over the whole extent of this table-land, for a distance 
of 15 to 20 miles north and south, and 7 miles east and 
west, the ground has been explored by shallow pits. The 
productive beds being local and of limited extent, but a 
small proportion of these explorations have been success- 
ful. When, however, the miner is so fortunate as to 
strike such a bed of iron sand, he burrows horizontal 
drifts in all directions and follows the bed until it becomes 
too thin to work; extracting the ore without system 
save to get as much as possible without endangering his 
own safety. 

M. Sévoz, in the Annals des Mines,* gives an analysis 
of a Japanese iron ore which is interesting in this connexion. 
The ore forms about 2 per cent. of a partly decom 
granite, from which it is extracted by washing. From 
the analysis this washed material is an impure magnetic 
sand, containing the Rae proportion of ferrous and ferric 
oxides, 6 per cent. of titanic acid, 12 per cent. of silica, &c. 

Magnetite.—The imperfect list of the places in which 
etite is found, compiled from various sources, 
develops the interesting fact that these localities lie in a 
belt extending from Iwade ken south and south-west to 
Sakai ken, a distance of more than 350 miles. The 
northernmost place is in Hei géri in Iwade ken. Here 
there are mines, 7 to 13 miles from the coast, which 
supply certain recently erected Government blast furnaces. 
South of this several localities are reported in Miyagi ken. 
Still southward, the next deposits, one of which was 
examined lately by an American engineer, are in 
Fulaishima ken, where the ore is but 5 miles from the sea. 
South-west, magnetite again occurs in Tochigi ken, and in 
several places inGumma ken. At Nakakosaka in Gamma 
ken, not far from Tokio, an English engineer has recently 
erected a blast furnace. Still south-west, magnetite is 
reported to occur in the ken of Nagano, Gifu, and Sakai. 

these localities we know little or nothing, except that 
the ore of this southern end of the belt is reported to be of 
medium and inferior quality, as compared with that of the 
northern mines. 

In addition to the above localities, etite of excellent 
quality is said to occur in Okayama ken, in the south- 
western part of the main island. / 

From Mr. Plunkett’s report, and additional details 
furnished by Mr. Godfrey, I condense the following 
description of the deposits of Hei géri in Iwade ken, where 
the Mining Office is building blast furnaces and preparing 
to produce iron on a large scale. r 

he principal iron mines are about 13 miles from the 

coast, though deposits of ore have recently been found at 

that distance. ‘The magnetite occurs in vertical beds, 

12 ft. to 15 ft. thick in a dark blue feldspathic diorite 

(quartzite or felsite ?). The ores are rich and very pure, 
quite free from sulphur, and contain little or no titanium. 

It is proposed to connect the mines, by a tramway 11 
miles long, with the furnaces ; and these with the harbour of 
Kameishi, 2 miles beyond, = Ae continuation of the same. 
The iron will be shipped to Yokohama or Nagasaki, and 
coal brought back as return freight. At present charcoal 
is used as fuel, Mr. Godfrey estimates the cost of produc- 
ing iron here at 9 dols. per ton ; but this apparently does 
not include repairs, or interest on capital or sinking fund ; 
while all the items, especially that of fuel, are placed very 


ow. 

At present the product is but 1500 tons per year ; this, 
however, will soon be largely in According to the 
catalogue of the Japanese section, 4 blast furnaces, cal- 
culated for a daily yield of 15—20 tons, and 12 puddling 
furnaces, with coke ovens, &c., will shortly be erected here. 
The full plant of a large rolling mill, including rolls, 
steam hammers, &c., has been o from England, and 
is, according to Mr. Deby, even now on the way to Japan. 

In Fukushima ken, Naraha k6ri, magnetite occurs in 
beds, 12 ft., 15 ft-, and even 20 ft. thick. The ore is rich 
and generally —_ pure, and ge — sulphur 
in the form of pyrite, in objectionable quantity. 

At Nakakosaka, in Kamura kéri, of Gumma ken, where 
Messrs. E. H. M. Gower and J. A. R. Waters, English 
engineers, have erected 


@ blast furnace, the magnetite 
occurs in beds 8 ft. to 18 ft. thick, dipping about 20 deg- 
ad inteestratilS eee Cet Oenrt hs Got vot boos 
The ore isa > any not yet t 
analysed. co almort receee te 2 supply = ~ — 
at small expense by quarrying. i r. ; 
iron can be made here for 19 dols. or less per ton. The 
fuel, charcoal, costs about two and a half times as much as 
at Hei i. The mines and furnaces are quite near @ 
Seni dee. by which the product can be brought 
directly to Tokio or to Yokohama. 

Other Ores of Iron.—According to Mr. Geerts,t igomies 
iron ore is found only in Kagoshima ken ; impure red 
hematite is more common, occurring in many places; 
limonite, massive and pemnegpes eb and clay iron ore or 
hr ya | ore are also clad fro ~ oh andant. AF ay 2 
list of places, compi m Japanese au 3 
which the ores je found, but says nothing of the extent 

haracter of the deposits. 
T have received many specimens of the above ores, and 
of bog iron ore; the latter not mentioned by Geerts, but 
perhaps included under limonite. These ores are used to 
only a small extent for the production of iron. 
(To be continued.) 





* A paper read before the American Institute of Mining 
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HOMOGENEOUS IRON, 


On Homogeneous Iron, and the Degree of Homogeneity to 
be ected in Iron produced by various Systems of 
Puddling and subsequent Working.* 

By Mr. Henry Krex, of Workington. 
(Concluded from page 198.) 

HAVING now considered the “‘ boiling’’ process, as usually 
practised, the best Yorkshire system next be touched 
upon, as carried out at Low Moor Iron Works, which is, 
as before intimated, the old puddling process. This 
system appears to be a constant fight for henogensitg 
from first to last. Only the vey. eas materials are us 
throughout. The iron is all refined, and it is puddled in 
heats of only 370 lb., which can be manipulated much 
more thoroughly than the larger quantity before men- 
tioned. The very best workmen are employed, an 
efficient check is kept upon the work of each, i 
paid according to the quality turned out, and altogether 
the method seems to be the best that can be devised for 
insuring the highest degree of homogeneity possible by 
puddling. 

Mechanical rabbles are now worked only to double 
furnaces, having two doors owas each other, a rabble 
being placed to work through the stopper-hole of each ; 
but these furnaces, as usually constructed, are objection- 
able in several respects. In the single furnace, the roof 
is made highest over the door, to counteract the effect of 
the air drawing in at the working hole and at the crevices 
about the door and door-frame, which contrivance brings 
the flame tolerably well to the front, but the double furnaces 
are highest in the middle, and the flame is not therefore so 
well equalised. This style of construction may be a 
necessary evil, but it is worth attention to try to amend 
it. The -- of the hearth below the fore-plate upon 
which the door rests, and which serves as a support for 
the puddler’s tools and as a fulcrum whenever leverage is 
—= is generally greater than in a hand , in 
order to prevent iron and cinder being raked out by the 
motion of the rabbles; this causes the workman extra 
labour when he is obliged to work without the machine, 
which is a longer period than the machining, so that there 
is a per-contra to the saving of labour by the machine. 
The double furnaces, having no backwalls, have of course 
much less brickwork and fettling in proportion to the 
charge of iron than jugs furnaces, the results of which 
are saving of fuel and of fettling ; but the furnaces, having 
a smaller reservoir of heat in the absence of the backwalls, 
work more slowly and do not regain their full temperature 
so soon after haying been cooled down for any purpose, 
such as cleaning the grate or lowering the damper to bring 
on the boil. This is a great drawback in working iron 
that requires a good deal of dampering and the heat 
restoring rapidly after the damper is raised. The saving 
of fettling when there are a few of such furnaces, in what 
may be termed the experimental stage, among a number of 
the ordinary kind, is often made w by a free use of mill 
scale (of course depriving the rest of their fair share), and 
by the oxidising of a larger quantity of scrap to keep the 
bottom good. When not so made up, a better mixture of 
iron must be resorted to, or more waste of iron will be in- 
curred, or else worse iron will be made, that is of course 
always supecing tanh the mixture of iron and the quantity 
and kind of fettling are properly adapted and adjusted to 
each other in the single furnaces. Double 8 some- 
times work hotter on one side than on the other, which is 
vexatious, for the damper occasionally wants lowering to 
suit the condition of the iron on one side and keeping up 
to suit it on the other side, but as the same dam 

merally acts for both this cannot be done. It 

ppens now and then that the wind blows in strongly at 
one stopper-hole and drives the flame out at the other, to 
the annoyance and inconvenience of the workmen. The 

Pickles machine at Kirkstall Forge, near Leeds, is perhaps 

the best of its class, but there is not apparently anything 

about the system of mechanical rabbling generally to give 
grounds for expecting a greater d of homogeneity in 
iron made by this than by the o methods, though 
double furnaces unquestionably save fuel. 

The Casson-Dormoy furnace, with Casson’s gas-producer, 
at Round Oak Works, sere F yee a grate much wider 
than the hearth, which is cir ,.and the furnace appears 
to keep by well filled with flame. A heat of 10 cwt. 
was puddled in the writer’s presence in 80 minutes from the 
So of being charged at a red heat to the withdrawal of 
the last ball. The heat was physicked, and the produce was 
9 ewt. 2 qr. 2 Ib. of strong granular iron or steel, but the 
bars were not all exactly alike, though there was a wonderful 
amount of regularity. The men worked most vigorously, 
as the pnddlers of the district know how to work. The 
sweep of the machine did not seem to be perfect] adapted 
to the form of the furnace ; the men gave the rabble a side 
push when it came to the jambs to remedy this, but as this 
might not always be attended to, probably a little altera- 
tion of the machine is desirable to remove the necessity 


for it. 
The Mands or Pernot furnace, the floor of which i 
upon an inslined plane and which rotates in this position, is 
an advance upon the foregoing, use it iron 
alternately to the action of the cinder when i comes to the 
x t part and then to the flame of ithe furnace without 
Fe ager | < cinder ; but there is still the ae ee 
sear aaers and of turning over and balling 


The form of furnace revolving on a horizo: i 
x ntal axis 
Pears to give the greatest onto Se for the future, if tom 


who emp > will onl wedy chemical action and work 
x , 0 ing to overcome their dif- 
ficulties by merely Suhesed muon When iron 





* 
1 Hhag taken as read before the Institution of Mecha- 





isc cold into these furnaces the evils pointed out in 
the i furnace are intensified, use a greater 
, an | of melted ——s is it, but the iron ought 

ways to be charged liquid. The working of the iron while 
it remains liquid is far more thorough than in the best of 
the other systems noticed, but when theiron becomes pas 
there is no means of opening it out as is done by a pow’ 

uddler, and consequently the advantage is to some extent 
ost in the latter portions of the heat. 

The published reportson the Danks furnace do not give 
much promise of homogeneity, inasmuch as from various 
causes, including imperfect working of the puddled ball, 
there has been. a large quantity of very thick 
cinder present, difficult to expel. 

The Spencer furnace shows considerably better results 
from its working than the Danks, that is from a metallur- 
gical point of view; but there is some reason to fear that 
the degree of heat likely to be obtained, owing to the thin- 
ness of the lining, would hardly be sufficient for the 
proper expulsion of the cinder without reheating, and this 
it will be readily understood, from the considerations pre- 
viously advanced, is objectionable, in the presence of much 
impure cinder. From the s So of fettling 
used it weg be inferred that the cinder would not be so 
thick as in the Danks furnace, and therefore better to expel. 
This is howeyer rather touching upon a moot point, as it is 
held by some that less fettling is used in the Danks furnace ; 
but as none have yet had the co’ to give the quantity 
of fettling over a year’s work in this country, as has been 
done in reference to the Spencer furnace, the opinion, 
which is based largely upon probabilities deduced from the 
construction and method working the two furnaces, 
cannot be expected to carry much weight. In the cer 
furnace the difficulties appear to have been largely me- 
chanical, and here again, as in the building of the double 
in which engineers might help. 

The Crampton furnace, assisted by the equable character 
of its flame and the means afforded of keeping it in perfect 
command, would seem to give the promise of any 
in the direction of homogeneity. Though the amount of 
fettling used is very great, the purification of the iron is 
most extraordinary, and such purification has been shown 
to be one of the conditions —— to homogeneity. 
Further, when the coal is suitable the cinder is thinned by 
the silica from the ash, and the bulk of it can be easily 
driven out of the iron. But to make the best use of the 
furnace, the finely crystalline iron before spoken of should 
be aimed at, and it should not be con when made 
because it is not known by the name of steel. 

Now. with respect to the subsequent operations, the 
much-abused puddled bar system is really the outcome of 
an effort to obtain uniformity, the causes i i 
which in puddling have already been dealt with. 
it was thought at first that rolling the Pry iron into 
flat bars, cutting up, and piling would vide the - 
larities by the number of pieces in the pile, as well as im- 
prove the iron by putting more work upon it. But if does 
more than this: any iron not properly worked when rolled 
off from the puddled bloom without reheating, tears into 
holes of various sizes, from the smallest rag upwards, by 
the action of the rolls ; and when the pile is subjected to 
the heat of the furnace, these holes allow the raw places 
to receive a greater share of the heat, and they act as 
oe gerne for cinder melting off the iron, both of which 
tend to purify it in a high degree, for it must be remembered 

this cinder is much superior to that in the puddli 

furnaces. Another advantage is that any badly pud 
iron shows crystal in cutting cold at the shears into the 
lengths required for the pile, and can be thrown out. The 
very irregularities in the iron hoops given in Table A 
oe ante, 197) may be posi = Aa eager sy for by the 

act that they were ro) from , being too small a 
size to make out of piles 


Table E exhibits five different methods of working. The 
first the list, W.S., was worked out of the solid in 
the style advocated by Mr. Crampton, and though it is the 


sty: 
highest in breaking in, and the three samples were all 
from the’ same puddled bloom, it yet shows the greatest 
amount of difference in this respect of any of the samples. 
W.T.W.. was rolled off into puddled bars, piled ro 
again into flat bars, which were again piled and finished at 
a third heat. It will be seen that it varies least of any in 
ultimate strength, from the different parts being so well 
blended. W.5 was rolled from five pieces of p' bar 
without reheating, just as in the ordinary way, and e: 

in the item of elo; eaih gides oapertie conaia bo WR 5 
in which the only difference is that the puddled bloom was 
reheated before rolling. If it be objected that the analysis 
of \W.5 (in Table F) indicates better quality, it may be 
answered, that is only an exemplification of toe lreneng 
of carbon and the increase of oo and silicon (: 

in this case of sulphur alo), by e exposure to heat of 
iron containing impure cinder, -B.8 was well hammered 
twice and pi three high, so as to have fewer welds. 
soning e- oeneeee of area, which is 50 cent., and 
the e ion 25.8 per cent. over 10in. | along with 
the byeeing uaen of aD} teks poe een vi 0} a 
area, it is best given in the Table, but as the ysis 
is also superior tO any of the rest, it would pa be 


—— to attribute its superlative ex to the 
method of working. 


In conclusion, the writer begs to i for the imper- 
fection of his endeavours to elucidate this subject in the 
limits of the present paper; but he hopes that some little 
light will have been thrown w this most interesting 
subject, and that his remarks will not be ben their use 


pep ing Gag members better to 
of those w 


understand 
c 0 supply their chief constructive material, and 
in acquainti them with some of the difficulties neces- 
sarily encoun’ in the manufacturing operations, so 
that they may be as 
to what it is 
makers 


able to form a more correct notion 
to expect at the hands of the 





led | two cables between Marseilles 


sion is in contemplation to decide and 





FOREIGN AND COLONIAL NOTES. 

New Zealand Shipbuiiding—An iron screw steamer 
is being built at Auckland, New Zealand, by Messrs. Fraser 
and Tinne. Her dimensions are: | of keel, 126 ft. ; 
beam, 17 ft. 6 in. ; depth of hold, 9 ft.; and when loaded 
me conan hk oy will be about 7 ft, Her prone ae 
is , and she can readily carry a cargo 0 ns. 
She is to be fitted with engines of 50 horse power nominal 
with surface condensers. e boiler will be multitubular 
with a working pressure of 70 Ib. to the square inch. 

Coal in Pennsylwania.—The aggregate production of 
anthracite coal in Pennsylvania to Jan 27 this year 
amounted to 1,548,875 tons, against 1,610,471 tons in the 
corresponding period o: , Showing a decrease ¥ 
tons this 3 ear. The te production of bituminous 
—_ in I - Swhh Jousary 37 tai yore wee ry 
— ; ms in the corresponding period 
1876, showing a decrease of 28,992 tons this year. 

Scotch Machinery in the United States.—A Gartsherrie 
coal-cutting machine, from Scotland, which was on view 
at the Centennial Exhibition at Philad hia, is now in 
successful tion in the mines of the Watson Coal Com- 
pany in In " 

Rails on the Detroit and Milwaukee.—The permanent 
way on the Detroit and Milwaukee Railway was in sucha 
condition in 1875. that upon nine miles of the line trains 
were only enabled to crawl along at the rate of nine miles 
per hour ; but last year a of 31 miles’ per hour was 
maintai the fast trains run upon the Eyer ty At 
the close of 1876, there were 120 miles of steel rails upon 
the line ; a considerable quantity of iron rails will have to 
be renewed in the course of 1877. 

Steel Rails on the Philadelphia and ing.—Mr. 
Lorenz, chief engineer on the Philadelphia and 
Railroad, pepervs that the introduction. of .solid steel rai 

the system was commenced in 1867. Since that year 
102 miles of such rails have been laid, and only } mile 
have been removed, while of some steel-headed ‘rails, which 
were laid as an experiment, 93 per cent. have been removed. 


The Isthmus of Darien.—A denial is given to a state- 
ment that Mr. H. Meiggs, the well-known American 
contractor, has entered into a contract for the construction 
of an inter-oceanic canal across the Isthmus of Darien. 
It is reported that the presidency of a com to be 
formed for the construction of the canal.is to be to 
ex-President Grant, but this story is also denied. 


Small Arms for Turkey.—The Providence Tool Com- 
pany is at present executing a very large order for Martini- 

enry riflesfor the Turkish Government. At the close of 
1876, about half the rifles ordered had been made and de- 
livered, and recently the Turkish Government has been 
pressing urgently for the rapid execution of the remainder 
of. the contract. 


The French Ooal Trade.—The coal trade of the French 
departments of the Nord and the Pas-de-Calais exhibits 
i extraction has been 


setarcely any improvement. The 
in a ee Te but this policy has not an accn- 
mula of stocks. Sales have only effected at a 


considerable sacrifice : 
Public Works in Queensland.—The Legislative Assemb 

of Queensland has passed the following votes: 30,000l, 
for the purchase of additional rolling stock for the Queens- 
land Government railways ; 38,0001. for the erection of a 
bridge over the Fitzroy at Rockhampton ; 50001. for the _ 
portionate cost) of border bri at Goondiwindi and Mun- 
gindi ; and 21,0001. for new telegraph offices. 


South Australian Tele hy.—It is that 447 
miles of new i phs will be established in South 
Australia this year. This will carry the telegraph network 
of the colony to about 5500 miles. 

Submarine Telegraphy.—A concession has been granted 

the F Government to Baron Emile d’Erlanger of 
the privi of laying a new submarine telegraph cable 
between Marseilles and Bona, ia. There are already 
—— Africa—one to 
Bona and the other to Algiers. e new cable is stated to 
be intended for the transmission of messages from England 
to Egypt, India, and China to be sent through France by 
a special wire to be leased to the Eastern Telograph Com- 
pany (Limited). 

Belgian Blast Furnaces.—Out of 40 blast furnaces in the 
Charleroi group, 26 are now inactive. In the Lidge dis- 
trict, which has 21 blast furnaces, only 9 are in operation. 

Proposed Cape Mail Service.—Messrs. Green have re- 
a made proposals to the Government of Victoria for a 
su mail service by the Cape route. 


American Nawal Policy.—The appointment of a commig- 
pb nt 

future naval policy of the United States. commission 
is to wr tian sonia, SS Saree of the 
army, two naval officers to be designa’ e President, 
two senators, and three members of the House of Repre- 


sentatives. 

Steel in France.—The uction of steel in France de- 
clined last year to 230,000 tons, as compared with 238,000 
tons in 1875. The ion of 8' rails in France ‘in 
creased, however, to the extent of 3000 tons last year. 


Taranaki (N. Z.)- Iron Sand.—Mr. R. Chilman has made 
some calculations in reference to the cost of ongane 


Taranaki (N. Z.) iron sand. Mr. Chilman conclude’ ¢ 
iron produced from the sand can be delivered in London at 
6l. per ton, but his calculations necessarily require the 
verification of experience. 

Belgian Mechanical I; ~The restarting of the 
Conse coming selll sh ee fees is anid to be in con- 
templation. constitute the speciality of this concern, 
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THE PENNSYLVANIA RAILROAD. 
No. XII.—BrmGEes—(continued). 

Drawincs and a detailed description of the Mount 
Union Bridge will be found in the twelfth volume 
of ENGINEERING, page 190. It consists of five spans 
on the system known as Pettit’s stiffened triangular 
truss, in which the inclined braces between the 
vertical compression members are connected at the 
centre to a secondary post and diagonal, thus sub- 
dividing the upper portion of each panel. This 
secondary system would, of course, have been 
connected to the lower chord of the girder, if the 
roadway were laid upon it instead of on the top of 
the pote. The bridge is designed for two pairs of 








The upper chord’is composed of two channel 
and two deck beams about 9 in. deep, and connected 
at the top by plates rivetted to them. Towards 
the centre the strength is increased by additional 

lates, and also by stiffening plates on the webs. The 

ttom chord is made up of links from 5 in. to 7 in. 
wide, and of varying thicknesses. These links are 
formed with upset heads } in. thicker than the rest 
of the link, and drilled for the connecting pins. 
The vertical posts are each built up of three bars of 
I section, attached by angle irons to the upper 
chord, and to the bottom one by a plate rive to 
the I bar and drilled to receive the connecting 
pins. In the centre of the length of each post the 
three bars are connected by a plate, and also near 


THE CONEWAGO BRIDGE. 


rails, the load being distributed equally among three 

ers, when both tracks are loaded. It is con- 
structed throughout of wrought iron, excepting the 
pin connexions, which are of steel, and the rollers 
under the bearing plates at each end of girders, 
which are of chilled cast iron. 

The following are the principal particulars of this 

bridge : 

Number of spans over the river ... 4 


99. ” ’ eee 1 
Length of Spans from Centre to Centre of 


End Posts : ft. in 
One span sei see co et «. 121 6 
Three spans ... me abd ot oe 123 6 
Canal span ... one i 3 .. 125 4 
Number of trusses in each span ... 3 

” main panels ineach girder 8 
» ‘Ssub-panels a 16 
Depth of oe from centre to centre of 
Pinsin chords... et <<) ne 
Distance from top of pier to centre of 
lower chord wee she ese ee 09 
nee from top of masonry to underside 
of rail 18 5§ 


Distance from centre to centre of girders 9 6 


Extra length given to u hord f = 
Ste Saieadll Arent re, ree chord for camber 








the top beneath the angle iron attachments to the 
upper chord. The diagonal links forming the main 
system of bracing are formed of bars 6 in. deep, 
and of thicknesses varying with their position; to- 
wards the centre of the bridge where a compression 
strain is thrown upon them under the action of the 
variable load, each pair of links is coupled by rivets 
and distance ferrules, and a light intermediate bracing 
is introduced. ‘The vertical posts of the secondary 
system of bracing consist of two channel irons placed 
somelittledistanceapart by distance eee and braced; 
they are attached to the underside of the top chord b 
angle brackets, and the lower ends are formed wi 
heads drilled to admit the pin, which connects them 
‘to the main diegensl links in the centre of the length 
of the latter. e main links are strengthened by 
a stiffening plate on each side of the point of at- 
tachment. e secondary diagonals are each formed 
of two bars 13in. deep some distance apart 
and spread in the centre, the space between being 
fads. 4 The connecting pins for the secondary 
system are |} in. in diameter for the centres of the 
diagonal links and 1} in. at, the top chord ; the con- 
necting pins for the main system are 4 in. in diameter 
throughout. : 


The horizontal lateral struts extend between all 
three girders at the occurrence of each vertical post. 
The struts are built up each of two flat bars with 
distance pieces between them, and bulged in the 
centre to give increased stiffness. These struts are 
attached to the pins at the bottom of the posts, the 
pins being made with an eye at the inner end, to 
which they are attached as well as the rods con- 
stituting the horizontal and diagonal bracing. The 
upper horizontal bracing extends between the centre 
and the outside girder, and the lower system extends 
between the outside girder only, passing under and 
over the bottom chord of the middle girder. A 
light transverse bracing is also introduced at every 
panel between the pov Hay All the rods are fitted 
with screwed sleeves for adjusting the lengths, 

The bridge of the Little 5 uniata, which was illus- 
trated by us in our twelfth volume, page 322, was 
erected in 1869 to replace a wooden brid It is in 
two spans, each having three girders, e trussing 
is triangular with vertical suspension rods and in. 
clined lateral stays in each panel. The leading 
dimensions of this bridge are as follows : 


ft. in. 
Total distance between abutments ... 170 4¢ 
Width of bearings on abutments for 
each girder oe eee isa eve 3 
Width of bearings on pier sii is 6 6 
Distance from centre to centre of end 
ins in one span, measured along the 
ower chord a th eee ous 82 6 
Number of panels in each truss ... 6 
Length of each panel... a ee 13 9 
Depth of girders, measured between pins 
in top and bottom chords oes ie 8 3 
Distance between girders from centre to 
centre... sal oad bes Sie 14 0 
Distance from top of masonry to under- 
side of rail ad B 27 


The east span of the Monongahela Bridge was 
illustrated and described in ENGINEERING, vol. xvii. 
page 273, and the following are its principal dimen- 
sions : 

Length of span from centre to centre of _— ft. ie. 


end pins ... ve 70 182 
Number of trusses in span ca 2 
a main els in each truss 6 
99 secon’ ” » 12 
Length of main panels _... be ‘ 30 4 


Distance from centre to centre of trusses 19 0 
Depth of truss between centres of chord 
i 22 10- 


pins tee eee tee oes oo 
Distance from top of masonry an - 
side of rail ose ose sey 411 

The top chord is composed of four 9-in, deck 
beams, with a top plate rivetted to them, and 
strengthened towards the centre by additional 
plates, and the lower chord is built up of links 7} in, 
deep, and with holes 44 in, in diameter through the 
eyes. The diagonal braces are arranged in sets, those 
which are under compression and tension being oon- 
nected together with distance pieces between them. 
The vertical rods are formed with an eye at the 
upper end, by which they are connected by a pin 
to the web plates of the upper chord, and at the 
lower end it carries a cast-iron shoe supporting the 
lower chord. ‘The inclined posts at the ends are of 
cast iron, and one end of each span rests on chiiled 
cast-iron rollers. The floor beams are of J section, 
and placed 2 ft. 3 in. apart. The cross-ties are of 
white oak 6 in, by 12 in., notched 4 in. on to the 
floor beams. 

The cnumale, which, as stated above, is 182 ft, 
span, shows _ ge panels and a very well the 

vantages the system possesses for massing the 
material and making use of all these practical points 
which conducetoeconomy. In 1875 Prenton Bridge, 
over the River Delaware, was erected, the 8 
varying from 166 ft. to 208 ft., which is an excellent 
illustration of the adaptation of this system to a 
through bridge where the track is laid on the lower 
chord. Lately for small span bridges the ordinary 
single intersection triangular m braces inclined 
at 45 deg. has again been adopted with improved 
details, and Morrisville Bridge is a. good —— of 
this type. From the manner in which some larger 
spans now being designed are working - it is ve 

robable that the next bridges over 150 ft. span wi 
be upon a double intersection triangular system, 
with braces inclined 45 deg. 

In some locations it has been necessary to design 
special plans for bridges to suit certain requirements, 
ornamental effect, &c. In 1869, a wrought-iron 
elliptical braced arch, hinged at three points at the 
springing and at the crown, was erected over 
Phirtieth-street in Philadelphia (see ENGINEERING, 
vol; x. pages 69 to 71), and this bridge has been used 
continuously for heavy engines without showing any 
defects. It was erected to carry the Pennsylvania 
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Railroad over Thirtieth-street, Philadelphia, to the 
upper story of the large grain depét. An arch was 
adopted in order to secure the greatest amount of 
headway over the carriage road, and as the thick- 
ness of the wall of the depét was insufficient to resist 
the thrust, and as it was nec to throw it some 
distance down from the top of the abutment, a 
wrought-iron elliptical braced arch with a horizontal 
top chord was adopted. ‘The braces are stiffened in 
the middle by curved members nearly through the 
structure, The arch is hinged at the centre and at the 
springings, There are altogether twelve trusses, there 
being six lines of rails, The trusses are connected 
by lateral bracing, held by pins, both in the arch 
and the upper chord. Sere is, however, no 
diagonal bracing, the upper chord being secured in 
the masonry, to allow of longitudinal but not of 
lateral movement. ‘The cross beams are of J irons, 
and the sleepers of white oak. The floor of the 
bridge is decked over with 2 in. planking, protected 
with tarred sheet iron. With the exception of the 
hinged blocks, and a few washers, &c., the whole 
structure is of wrought iron. The following are the 
jeading dimensions of the bridge ; 


Span from centre to centre of pins at ft. in. 
springing ... ove iow io ose 6 1 
Height from|springing to centre of arch 
at crown ... “ a pas eco 11 113 
Length of panels in bracing abe 4 04 
Number of trusses ote 12 
Number of lines of rails ... ove 6 
Distances of trusses apart from centre 
tocentre ... one dap om ove 10 0 
Distance of tracks apart from centre to 
centre oe eee op ens eee 20 0 
Projection of upper chord at each end 
ond centre of pin ... io ‘iat 0 5 
Total length of upper chord = 
Variable load per foot run of each track 3000 
Constant load=weight of bridge per foot 
run of each truss ove mee ae 500 
Total load per foot run of each truss ... 2000 


Subjoined is a summary of the weight of the 
ridge : 





Arch and upper chord .., 130,423 
Braces... ‘in pes ete oe 45,515 
Floor beams oe ae the és 104,655 
i n vee oe we 12,248 
ning members for braces... 4,139 
Nuts, ts, rivets, and ferrules 14,041 
Railing... one a0 2,318 
343,771 

Cast iron ... 26. 





Total ... 369,991 

When the bridge was opened for traffic it 
was tested with an engine and tender weighing 
-115,500 Ib., the length of wheel base of which was 
48 ft., representing a load of 2686 1b. per foot run. 
The engine was brought slowly on the bridge, de- 
flecting one end and the crown ually, 
raising the opposite end. When the load was in 
the middle the deflection at the crown was  in., 
and the rise at the haunches yin. Thése de- 
flections repeated themselves on further trials, there 
remaining a permanent deflection of } in. 

A number of special street bridges have been 
erected at various cities on the line, particu- 
larly owe oe and Pittsburgh. There were 
three built in Philadelphia last year just previous to 
the Centennial Exhibition, which deserve mention, 
Belmont Avenue, Fortieth-street, and Forty-first- 
street. These are all in process of illustration in 
Enormneerine, That at Fortieth-atreet beg me by 
us in a two-page plate in our issue of Jan. 26 last, 
and on 204 ante, and called in error Forty-first- 
street Bridge) isa stiffened nsion bridge on the 
Ordish system, and the one at ee» (see 
two-page plate in our issue of Feb. 16 last, and 
205 anée) isa triangular truss with vertical and in- 
clined members similar to the Trenton Delaware 
Bridge, with an improvement, however, in the 
manner of taking the intermediate loads between 
the main vertical members, 

In boiler plate bridges, as now constructed, im- 
Frovements are made by the use of wrought-iron 
vertical stiffeners made of angles or of T-iron in 
place of the cast-iron ones formerly used. These 
are placed at a distance apart of about 3 ft. to 5 ft., 
and take all the compression from the shearing 
stress, 





Vicrorran Gotp.—The"yield of gold in Victoria, Aus- 
tralia, in 1876, was estimated at 937,260 ounces. The 
production in 1875 amounted to 1,058,823 


ounces. The yield would thus appear to be declining. 


aly 
sin | taxation (1,017,271/.) ; direct taxation (107 7304) 
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An Essay on New South Wales, the Mother Colony of 
the Australias. By G. H. Rurp. Sydney: omas 
Richards. London and New York: Triibner and Co. 

Vistrors to the recent Centennial Exhibition at 

Philadelphia were astonished at the admirable dis- 

play — % there by our Australian colonies, among 

which that of New South Wales took, as was natural, 
the leading place. Remembering the extent and 
excellence of these exhibits, this little book of Mr. 

Reid’s will be received with pleasure. The —— 

of New South Wales was founded by Captain Coo 

in 1770, and for half a century the name applied to 
the whole of the great continent. In 1851, however, 
the district of Port Phillip was formed into the inde- 
pendent colony of Victoria, and in 1859 Queensland 
was established on the north, so that the colony of 

New South Wales, as it exists to-day, has been 

founded only sixteen years. The greatest length 

of the colony is 900 miles, its maximum breath 

850, and its area $23,437 square miles, or the size 

of Germany and Italy combined. ‘The physical 

characteristics of the country appear favourable 
for almost all classes of agricultural industry, and 
these are aided by a climate which leaves little to be 
desired. The present population is estimated at 
about 606,000, a number small indeed for so large 
an extent of territory, but one which has increased 
very largely in a short period, since in 1835 there 
were only 70,000 inhabitants. The means of easy 
communication through the poleag are very limited, 
there being at the end of 1875 only 437 miles open. 

But these lines had cost an av of 16,5797. per 

mile, and remain alike a disgraceful monument to the 

extravagance of English engineers, and a burden to 
the Colonial Government. ides the lines already 
opened, extensions 289} miles in length are bein 










constructed, The | od of Sydney is well provid 
with harbour ahd dock accommodation, and com- 
prises three bo Ae a ae wharves, one of 
which—the C Quay—is about to be rebuilt, 
There is also a Government dry dock 445 ft. long, 
and able to aegomumedate of At 
Newcastle, #883 D 

a large wh 


21 ft. car 
at this 











The telegray 
well develo e former )is one 
wire to every 40 tthe 
1875 there wete 187 stations ed, while 


719,000 messages had been transmitted during the 
year. In the latter department there are 17,670 
miles ofjpostal lines and 76] post-offices in the’ Ly: 
The number of letters transmitted § 
was 13,717,900. 

The revenue of New South Wales in the same 
ear amounted to 4,126,603/., derived from indirect 


sale and occupation of crown lands (2,020,681z 


diture during the year was 3,338,000/. In this 
amount the principal items were interest on loans, 
543,178/.; railways, 313,874/.; roads and bridges 
$44,000/. ; administration of public lands, 273,166/. ; 
and post-office department, 199,555/. The public debt 
is 13,000,000/., including a new loan for 2,000,000/. 
recently authorised. The area of land disposed of 
from 1788 to the end of 1874 was about 16,000,000 
acres, and that dis: of by auction and con- 
ditional sale at 1/. per acre from 187] to 1875, was 
over 8,200,000 acres, At the present rate of occu- 
pation‘there remains enough land in the colony for 
dis during the next 185 years, 

e staple productions of New South Wales are 
live stock, wool, and cereals, while the manufacture 
of wine is developing into a large and profitable 
industry. It is, however, extremely rich in varied 
deposits of minerals, including considerable quantities 
of gold, which has been obtained to the extent of 
upwards of 37,000,000/. since 1851. The average 
yield per ton of quartz crushed in 1875 was 
1 oz. 4 dwts. 4.1 grs.; but the means for obtaining 
the metal are very crude, and it is estimated that 
21.8 per cent. of gold is carried off to waste. 

Coal is the most abundant of the New South 
Wales minerals, and the coast districts for hundreds 
of miles are underlaid with it. Near Newcastle the 
upper measures include 16 seams, that are at present 
worked, being from 8 ft. to 10 ft. thick. In the 
Western district there are 1] seams, the lowest of 
which, 10 ft, thick, crops out near the line of 





and from other miscellaneous sources. The a : 


thick are reported, surrounded with iron ores, fire- 
clay, and limestone. There are about twenty dif- 
ferent coal mining companies in the colony, and the 
output in 1874 was over 1,200,000 tons. 

Although the existence of tin in New South 
Wales has been known for a number of years, 
it is only recently that this metal has been obtained 
in considerable quantities. The value of the ore 
extracted in 1875 was 561,311/.; the stanniferous 
area extends approximately over 6250 square miles. 
Copper is also raised to a considerable extent, the 
total. value obtained between 1858 and 1875 having 
been 1,316,000/., principally by thirteen different 
companies. Land in the copper-bearing districts is 
leased at 5s. peracre. Butlittle is at present known 
of the extent or value of the iron ore fields; as 
already mentioned, a large tract of rich ore closely 
associated with coal and limestone has been found 
at Jervis Bay, and near Sydney argillaceous ores 
exist in considerable quantities, giving by assay from 
32.9 to 55.7 per cent. of iron. The Fitzroy iron 
mines at Nattai, on the Great Southern Railway, 
77 miles from Sydney, have long been worked, and 
lately with considerable success, There is, how- 
ever, only one furnace, and the weekly product at 

resent is from 60 to 70 tons per week. The Lithgow 
alley Iron and Firebrick Company is situated 
95 miles from Sydney, near the Great Western 
Railway. The ores consist of clayband stone from 
6in. to 15 in. thick, cropping out on the surface, and 
yielding about 40 per cent.; red silicious ore in 
4 ft, beds, yielding 22 per cent.; and a‘ bed of 
brown hematite 2ft. thick, averaging 50 per Cent. 
There is also here a 10 ft. seam of coal ng out 
on the surface, fireclay, limestone, sand, » &e. 
These works have been only started, and 
have also but one blast furnace. So far as is known 
at present there is an area of 660 square'miles of 
oil-bearing shale, which is worked in three places, 
giving an average per ton of 150 gallons of crude 
oil, or 18,000 ft. of 40 candles to the ton: 
ilver and lead both exist, the latter intimately 
connected with the gold, In 1875 the production was 


52,000 oz, valued at 13,000/. Finally of almost 
all-kinds are found :more or | ty. 

A brief review of the’ present’: of mis- 

eous industries in the ries. show that 


‘trade in almost all branches‘is: oufishing con- 


"| dition and in the course of rapid development. The 
total number of factories of all. Kinds in 1864 was 
ri and in 1875 it ret inéxeased to 2700. The 

owing summarised growth that 
has taken place since 1864 : Sg 
Wonber of Meme 
‘um ‘am! 
Bigtare of, Trade, Factories. Factories. 
‘ats pein yn 

Sugar factories ere ov 1 67 
a = Se me S = 
Wool washing oo. Ss 33 
i ; es ove eee 1s "3 55 
eae _o * z* 31 
a deve 1875 282 
Sa pe bie we ae 152 
Metalfoundries ... og tt @ 25 
Ship and boat builders ... 7 103 


The result of this increase has, of course, very 
materially diminished the amount of imports, in 
fact, by no less a sum than 10,500,000/. during the 
years 1870-4, and taking into consideration the 
growth of the population of 46 per cent. 

The progress of the shipping trade has corres- 

nded with that of home industry, and this has 

mn further stimulated by the new line of mail 
steamers established between Sydney and San 
Francisco. In 1823 the total to entering and 
leaving Port Jackson was 43,156, oul in 1875 it had 
increased to 2,168,187, the latter amount showing an 
increase of 400,000 tons in two years, 

We will not follow the author through Se mens 
he devotes to a description of the Governmental and 
municipal organisations in the colony, of the institu- 
tions, charitable and otherwise, which it possesses, 
and of the probable advantages to be derived by 
emigrants who elect to make it their future home. 
We have said enough to show that. New South 
Wales has—considering its mineral wealth, its good 
climate, and its broad pastures —a rich future 
before it, which the author, in the course of his 
pleasing task of tracing the rapid growth and ever 
increasing prosperity of the colony, does not over- 
rate. We might point out, however, that the measure 
of increase is not fairly described in percentages when 





railway. At Jervis Bay two seams 39 ft. and 24 ft. 


comparing the wilderness of a half century back 
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with the cities, villages, and farms of to-day. In 
conclusion we may add that the book is well got up, 
and illustrated with excellent examples of colonial 
lithography. 
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THE SOCIETY OF TELEGRAPH 
ENGINEERS, 
FirE TELEGRAPHS. 

Art the meeting of this Society on the 28th ult., 
the discussion upon Mr, Preece’s paper on “ Shunts” 
(commented upon in a previous issue) was postponed 
in order to enable the author to supplement his paper 
by some further valuable information which he had, 
in the meanwhile, been able to gather. The evening 
was in consequence devoted to a paper, by Mr. R, 
von Fischer-Treuenfeld, F.R.G.S., on ‘‘Fire Tele- 
graphs,” a subject of considerable importance, and 
one dealt with by Mr. Treuenfeld in a highly gratify- 
ing manner. 

In England we have done but little towards 
supplementing ‘the efforts of our fire brigades by 
furnishing them with a means for obtaining ready 
information of ‘an outbreak of fire, and yet the im- 
portance of the most timely information is evident 
to every one.. Let-a fire once obtain a hold upon any 
building or its¢ontents and the efforts to quench it 
must be vigorous and continued. Timely informa- 
tion means just so many minutes’ start of the pro- 
gress which ‘the fire would otherwise have made, 
when possibly‘a small body of water will be found 
— to arth vor peggy would 

ave required ‘hours, United : States tof 
America and om the: Continent ‘very much more at. | 
tention has been paid to the question. There auto- 
matic fire telegraphs have been an established fact 
for some years. With us they are still a thing of 
the future. Why it should be so is difficult to say. 
At all events the information obtained and set 
before us by Mr. Treuenfeld so clearly shows the 
advantages which have attended their adoption 
that no hesitation should exist on the part of our 
city authorities in carefully considering the sub- 
ject. 
_ The primary object of automatic fire telegraphs 
is to reduce the time between the discovery of a fire 
and the appearance of the brigade on the spot. 
Could the latter be on the spot immediately after 
the outbreak, the possibility of a “serious fire” 
could hardly exist. On the other hand, by a delay 
in the arrival of the brigade, the rapid increase of 
heat, and consequent formation of combustible gases, 
causes the fire, at first comparatively insignificant, 
soon to assume serious proportions. A thoroughly 
well-trained brigade with perfect equipment and an 
abundant water supply, may, in many cases, make 
up by efficiency for what has been lost by delay in 
its arrrival; but even with all these favourable cir- 
cumstances, a successful result is imperilled, Mr. 
Schumann, chief of the Bremen brigade, says, 
‘‘ Fires, like enemies, are more easily attacked and 
beaten in their advanced lines than in mass.” Mr. 
George A. Reilly, of the Belfast fire brigade, very 
justly says, ‘As we have no fire telegraph stations, 
and the fire alarms are brought by police or civilians 
using hackney cars, I need ly remark that all 
fires in business concerns are sure to be serious if 
not checked at an early stage. Fires in our factories 
and linen warehouses, if not subdued within the first 
half hour, are sure to be serious.” Mr. Robert 


‘is taised.. 
stations, is to send immediate notice to the brigade 





Nhe ape Fg superintendent of the second dis- 


London metropolis, in his report for 





1875, says, “‘I would respectfully urge that it is as 
important to householders in the outskirts for the 
police to have means at their command for the 
speedy circulation of information in respect of crime, 
fire, or the like, as those in the most favoured inner 
districts where telegraphic connexion is close.” 

The principle on which good fire telegraphs are 
based is that of establishing in sufficient numbers, 
in easily accessible places, suitable apparatus by 
which the outbreak of a fire may be communicated 
by any person to the nearest fire engine and police 
stations, or to a central station from which immediate 
orders may be issued. By means of an automatic 
apparatus a given sign may be telegraphed by 
untutored .to any» given .point, indicating 
the street:and district from which the alarm:of fire 
is sent, 

Mr. Treuenfeld in considering the ition in 
which London, possessing no system of automatic 
fire telegraphs, stands with regard to the number of 
slight and serious fires, anoies from. the evidence 
pense by. the Select Committee appointed by the 

ouse of Commons in 1876 to inquire into the 
means of protecting life and property in the metro- 
polis from fire, His statistics, although presenting 
the satisfactory result that our M itan Fire 
Brigade has succeeded in reducing the number of 
‘¢serious fires” within the last ten years by more 
than 50 per cen‘., still show that 10 per cent. are 
still ‘‘serious” fires. Amongst the improvements 
suggested by Captain Shaw is a proposal to increase 
the fire brigade force to 931 firemen, 330 fire 
engines, 200 fire escapes, and 169 fire stations. 
Mr. Treuenfeld suggests whether it would not.be 

ible to obtain safety against fire by the help of 
telegraphs even more than by any increase of 
the force that might be proposed, . He. then 


compares the.percentage of serious fires in the town |, 


of Berlin, where the automatic fire telegraph system 
is in operation, He takes this town at random, as 
a town certainly not supplied so well, either with 
engines or water, as London, and he shows that the 
‘serious fires” there are but 2,82 per cent. ;.at 
Hamburg they are. but 1.77; at Amsterdam, 2.79 ; 
at Frankfort-on-the-Main, 5.00. 
Mr, Treuenfeld next gives an outline of what 
may be considered types of the. various ip 
Hamburg possesses two central stations, viz., the. 
Central Fire Brigade and the Central Police Station, 
Both are connected by seven distinct lines which 
run radially from these centres to the suburbs, each 
line being connected with a number of fire brigade 
and 
nunciators—an automatic a f 
the nature of, n't the pos 


> announcing 


stations from the locality wherein the fire is first 
discovered. Besides this, telegraphic communication 
can be maintained between the different stations (as 
well as from the annunciators to the central stations), 
so that the required assistance may be properly dis- 
posed of. Thus all fires are first announced to the 
central station, from which the necessary arrange- 
ments for the suppression of the fire has to be made. 
The central station regulates and controls the entire 
system, 

The annunciator (see Fig. 4, page _ is a simple 
mechanical contrivance, in circuit upon the telegraph 
wire, in connexion with which, at the central station, 
is a battery. The annunciator when brought into 
action breaks the circuit, and thus causes certain sig- 
nals to be recorded on the instrument fixed at the 
central station between the battery and the line wire. 
The breaking of the circuit is caused by the rotation 
of acontact wheel, t of which are given in Fig. 
5, page 225, the periphery of which is so shaped 
that the contact breaking corresponds with the in- 
tervening spaces of a given Morse signal. The an- 
nunciator is protected with a glass front, and is 
placed at the street corners, at railway stations, or 
any desirable point. On the discovery of a fire all 
that has to be done is to run to the nearest annun- 
ciator box, open the door or break the glass, and 
pull a handle placed there for the purpose, Provided 
the wire is not in use, this sets in motion the con- 
tact wheel which transmits the indicating signal 
several times in succession. In Hamburg ti are 
47 Morse stations and 53 automatic annunciators ; 
both are connected to the same line, the Morse in- 
struments being placed at the fire and police stations; 
only, The lines are laid partly underground and) 
partly overhouse, the former most used within 
the town proper and the latter around the suburbs. 


lice stations, as well.as automatic. fire an | 
or a i 


In all there are 143,850 ft. of underground cable, 
and 110,000 ft. of overground wire, The cable is 
made up of a three-strand copper conductor, insu- 
lated with gutta-percha, covered with hemp and 
sheathed with thirteen galvanised iron wires. Be- 
tween the central police and central fire station the 
cable has seven cores or conducting wires, covered 
with hemp, and nineteen alvenined iron wires. 

The working of the systemis as follows. All stations 
except the central have their Morse instruments 
cut out, and only a loud sounding alarum in circuit. 
A signal sent by any of the annunciators or Morse 
stations is recorded at. the central station on a self- 


starting Morse to that line, The central 
station then sends the all\the stations 
of the district, or ifimeed. be, to all the stations of 


the seven districts simultaneously by means of a 
commutator fixed for the purpose. The Morse 
instruments at each station are brought into circuit 


by the op lacing his foot upon a treadle, 
which is in fact a upon which he.stands when 
called to the instrument, As soon as the stations 


are in circuit definite orders are sent to the fire 
brigade and police stations nearest the fire. The 
entire system is said to haye-cost 8028/, 

The Amsterdam system is what is termed a 
circular system. The town is divided into three 
main circles, the offices in each of which are in com- 
munication with the central station. Only fire 
ees police stations are in these main circles, 
and they are so connected that the police stations 
}are situated in one half, and the fire brigade stations 
in the other half -of the circles,» under which 
arrangements the two may be divided and left to 
communicate tly with their own central 
office. To each of the three main circuits, a number 


in one of the fire 8 divisional 
circles contain, as a rule, .only .automatic fire 
annuncia' ali the rule is not altogether 


tors, 
absolute. There is a suburban cirele which is formed 
of suspended iron. wire, whereas the main and 


the pasen mr circles bea laid under, _ oe 
system thus consists main circles, 13 divisiona 
circles, 1 suburban circle, 50 Morse atus, and 


worked on the closed-circuit system, The Morse 
in the same way.as.at Hamburg, 

and the working of the mig also similar. A 
—a sort of “ Big Ben”—is used on the 
canals and rivers, for the purpose of 
warning the fire boats moored in the*channel. This 
is an .electro-mechanical.. instrument capable of 
being heard a long distance. In the;central station 


alarums of , and by an 
agreed combination of bell. Is all-or any single 
station may be called by the central station. Figs. 
7 and 8 illustrate the bell, the latter being an en- 
larged representation of the mechanism which is 
propelled by a weight, the current merely releasing 
a detent by which it is held in check. 

The thirdtype of fire telegraphs described is similar 
to the first noticed in being radial, but differing 
from it in having branches from the sectional lines. 
It is that of Frankfort-on-the-Main, It was car- 
ried out by its Dn wary engineer, Mr, C. Vogel, a 
member of the Society of Telegraph Engineers, and 
is spoken of as being very complete. There are 
8 main and 32 branch circuits, The former connect 
stations fitted with annunciators or speaking appa- 
ratus. The branch circuits contain receiving sta- 
tions with alarums only. There are 25 Morse 
stations with 31 instruments and 50 automatic 
annunciators. No house is more than 600 yards 
distant from an annunciator. All stations have a 
staff on duty at night as well as during the day. 
The whole of the main lines connecting the central sta- 
tion with the Morse and annunciators, in all 95,234 ft., 
are underground, and consist of iron-sheathed cables. 
Besides the underground lines there are 55,930 ft. 
of overground or secondary branch lines, fitted with 
electric house-bells only, which are placed in the 
houses of the chiefs and men of the volunteer and 
regular brigades, and at the police stations. The 
lines are worked, like those at Hamburg and Am- 
sterdam, on the closed-circuit principle. The Frank- 
fort fire telegraph was erected between 1873 and 
1875. .On pages 224 and 225 we give in Figs. 1, 2, 
and 3 — of the diagrams employed by Mr. 
Treuenfeld to illustrate the three systems referred to. 

The »modus andi of the American fire tele- 

; to which we devoted an article in October 


age megnete, Stotcrs Kis, ao pege 225, by which 





t (see vol, xxii. p. 365), is similar to! these de- 
scribed, with perhaps one difference. In some towns 
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THE PENNSYLVANIA RAILROAD; 


TRENTON BRIDGE. 


MR. JOSEPH M. WILSON, ENGINEER, PHILADELPHIA. 


an automatic arrangement is in operation at a cen- 
tral point. 


the entire fire department direct from the signalling | United States and Can 


(For Description, see Page 221.) 
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The best evidence of the 

When an alarm is raised, the signal | telegraph to Americans is to 

es through that central point, and is received by | that it is now in actual —— in 79 cities of the | viz., Morse speaking stations, automatic fire annun- 
’ 


wT TT 





great value of the fire | two tables includes towns having what may be con- 
e found in the fact | sidered the most perfect systems of fire telegraphs, 


and in process of con- | ciators, and chiefly underground lines. The second 


point itself. By this means there is no possibility | struction in several others, while in no single in- | table includes the towns with stations supplied with 
of delay in the transmission of alarms, the whole of | stance has its use ever been abandoned or even sus- | dial or alphabetical instruments, chiefly overhead 


we 


Fig 2 


> 
¥<— 


the fire department being advised direct without 
any intervention whatever. It has been calculated 
that with the central station system in operation 40 
to 60 seconds elapse between the time of putting 
the annunciator in operation and the time when the 
fire department receives definite alarm, but it will 
be observed that this system admits of the issue of 
all orders from the central office. 
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pended. Mr. Treuenfeld produces two tables giving 
as full iculars as he ies been able to gather of 
the various systems in use in some of the principal 
towns in England, Germany, America, Belgium, 
and Holland, and added to these are the respective 
— of serious fires, A serious fire Mr. 

uenfeld defines as that which requires more 
than two engines for its extinction. The first of the 
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Fig 2 
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lines, and with but few or no fire annunciators. From 
these tables it appears that in the former, serious 
fires have been reduced to 4 per cent., whilst in the 
latter they average 17, and in towns possessing no 
fire telegraphs 29. These tables are exceedingly in- 
teresting, and afford much valuable information. 
With regard to the saving to be effected by the 
suppression of serious fires, Mr. Treuenfeld in- 
































Marcu 23, 1877.] ENGINEERING. 225 








FIRE TELEGRAPHS. 





EUUAADAREAD RAN LLNAREDUQHOUEEYROO ETO 


ITITITINI bh 


fo) 


uy 


pe 


| Cy 


MI le! ~ il | 


TA a ee 














a” a i  ——— 





PWN 
‘WM 
MI 




















1 . 
cll 
i + ee - 





UT 


1 








| 
| 





rai 


‘ 
a 
iT 


l 


HWW 

HHH 

Ui | 
TEI 


=| 

i; 
en 
| =e 


Fig. 8. 


‘* A comparison of the two years working of the de- 
partmens prior to the establishment of the electric 
alarm, with the two subsequent ones, shows the 
following results; From 1856 to 1858 the amount 










me the town of Brunswick in Germany, which brigade, wrote the author, ‘The complete system 
a os emus given on the following page. of telegraphs in this borough has enabled us to save 
the mute 17th of October lastyear, Mr. Robert Hall, | many thousands of pounds in cases of fire.” Mr. 
Perintendent of the Salford (England) fire | H. C, Sexton, of the St. Louis fire telegraphs, says : 
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of losses was 1,808,315 dols., against 710,404 dols. 
from 1858 to 1860, showing a diminution of 
1,097,911 dols., or 548,955 dols. annually.” 








Yer, | vis, fiom | Hyams | Sr 
&£. &£. 

1874* 96 0 9,746,648 282 

1875 104 2 10,498,338 | 15,364 








* In the year 1874 there were no serious fires, hence the 
marked decrease in insurance paid. 

Mr, Treuenfeld further furnishes statistics of the 
proportion between population and the number of 
points from which electrical fire alarms can be 

iven. We can only afford space to quotea few of 
these, viz., Chicago, one point for every 780 inhabi- 
tants; Memel, 990; Frankfort-on-the-Main, 1375 ; 
San Francisco, 2000; New York, 2093 ; Hamburg, 
$327 ; Bremen, 9166 ; Salford, 15,600 ; Manchester, 
21,053 ; Paris, 22,968 ; Glasgow, 27,500 ; Liverpool, 
29,412; London, 52,925; Dublin, 61,431; and 
Birmingham, 79,215. 

In conclusion, Mr. Treuenfeld gathers from the 
facts which he has been able to nce : 

1. That the towns without fire telegraphs are 
liable to a very high percentage of fires, the cause 
being the time lost in bringing the fire brigade to 


the . 

2. That the employment of fire telegraphs leads 
to a decrease in the percentage of serious fires, and 
that the more perfect the system the greater is the 
decrease effected. 

The paper was illustrated by diagrams and 


working models of the systems spoken of, and} _~ 


advantage was also taken.of the opportunity to 
bring before the notice of the Society the autokinetic 
system, the characteristic of which is that a signal 
once commenced cannot be interrupted by any other 
signal, but that the one waits till the ot 

pleted, when it takes its turn. In either case it is 
only nece for the operator to turn a small 
handle or indicator in a certain direction. If the 
wire is disengaged the instrument is by this action 
set in motion, and the signal is transmitted to its 
destination. Should another have been set in the 
meanwhile, it remains so until the wire is free from 
the first message, when it is also set in motion. In 
this way any number of fire alarms, or alarms for 
other purposes, may be set on the same circuit, the 
whole of which would in their turn arrive at their 
desired destination. The system is one of interest, 
and we propose to take further notice of it at 
a future date. The Exchange Company had also 
on view a system for effecting somewhat similar 
objects. Mr. Treuenfeld has done real service in 
bringing forward a very important subject—one to 
which our municipal authorities must ere long give 
their attention. 





THE IRON AND STEEL INSTITUTE. 
Inar 
F.R.S, the President of the Iron and Steel Institute. 
Tue Iron and Steel Institute was called into existence in 
1869 by a few of those leading*members, who assisted 
throughout by our energetic-general secrétary, are still 


er is com- t 


ral Address of C. WrnLtam Siemens, D.C.L., | ad 


special inquiries proves how much more may yet be ac- 
complished by more systematic organisation for the attain- 
ment of similar objects. . 

Another branch of useful action of this Institute has 
been to place before the members, through its Journal, the 
latest results obtained in other countries, which was ably 


Out of our still young Society has grown another—the 
British Iron Trade Association—which, under the able 
presidency of Mr. George T. Clark, already gives promise 
of useful results in supplying us with reliable statistics, 
regarding the extent progress of the iron trade in t 
and other countries, and in calling the attention of our 
legislators to questions of tariffs, and to other measures, 
likely to affect the interests of the British iron trade. 
Educational.—Intimately connected with the interests of 
this Institution, and with the prosperity of the iron trade, 
is the subject of technical education. It is not many 
years since practical knowledge was regarded as the 
one thing uisite in an iron smelter, whilst theoretical 
Snowteine of the chemical and mechanical principles 
involved in the operations was viewed with considerable 
suspicion. The aversion to scientific reasoning upon 
me ical processes extended even to the authors who 
profi to enlighten us upon these subjects ; and we find, 
in technological works of the early part of the present 
century, little more than eye-witness accounts of the 
processes pursued by the operating smelter, and no 
attempt to reconcile those operations with scientific facts. 
A great step in advance was made in this country LAs 
Percy, when, in 1864, he published his remarkable 
“*Metallurgy of Iron and Steel.’’ Here we find the 
gradual processes of iron smelting passed in review, and 
supported by chemical analyses of the fuel, ores, and 
fluxing materials employed, and of the metal, slags, and 
cinder produced in the operation. On the Continent of 
Europe, the researches of Ebelmann, and the technological 
writi ‘of Karsten, Tunner, Gruner, Karl, Akermann, 
and others, have also contributed largely towards a more 
tional conception of the processes employed in iron 





smelting. 

It must be conceded to the nations of the Continent of 
Europe that they were the first to recognise the necessity 
of technical education, and it has been chiefly in conse- 
quence of their increasing competition with the producers 
of this country, that the attention of the latter has been 
orcibly drawn to this subject. The only — educa- 
tional establishment for the metallurgist of Great Britain 
is the School of Mines. This institution has unquestion- 
ably already produced most excellent results in furnishing 
us with young metallurgists, qualified to make good careers 
for themselves, and to advance the practical processes of 
iron making. But it is equally evident that that institu- 
tion is still susceptible of great improvement, by adding to 
the branches of knowledge now taught at Jermyn-street, 
and I cannot help thinking that a step in the wrong direc- 
tion has recently been made in separating geographically 
and administratively the instruction in pure chemistry 
from that in applied chemistry, logy, and mineralogy. 
If properly supported, the School of Mines might become 
one of the best and largest institutions of its kind, but it 
would be an error to suppose that, however successful it 
might be, it would be made to suffice for the requirements 
of the whole country. Other similar institutions will 
have to be opened in provincial centres, and we have an 
excellent example set us by the town of Manchester, 
which, in creating its Owen’s College, has laid the founda- 
tion for a technical university, capable of imparting useful 
knowledge to the technologist of the future. 

Technical education is here spoken of in contradistinc- 
tion to the purely classic and scientific education of the 
universities, but it must not be supposed that I would 
vocate any attempt at comprising in its curriculum a 
practical working of the processes which the student would 
ave to direct in after-life. This has been attempted at 
| of the polytechnic schools of the Continent with 
results decidedly unfavourable to the useful career of the 
student. The practice taught in such establishments is 








fiving it their zealous and disinterested support. At their 
ead stood his Grace the Duke of Devonshire, who, as its 
first President, pointed out to the young society the useful 
results that would be realised through a judicious com- | 
bination of natural science with practical experience, and | 
by attention to the progress in metallurgical processes | 

ected in other countries. He thus implanted upon this 
Institute a vitality which has resulted in a rapid increase 
of its members, and a career of usefulness such as scarcely 
any other society for the promotion of applied science can 
boast of. 

With regard to the progress of the Institute, in the 

numerical strength of its membership, the number has 
risen from 292 in 1869, to 960 in 1876, and the proposals of 
candidates coming in show that the interest in the Society 
has not abated. This numerical » however, cannot 
be expected to continue, because the Institute has now 
arrived at a point where it counts :mohg its members 
those gentlemen who can best aid us in the objects we have 
in view, and we can thus afford to restrict the privilege of 
membership to candidates, who by their previous training, 
and actual position, have quali Shomectve to join profit- 
ably in our eggs . 
: ring year, as the report shows, there were meet- 
ings in Londonand Leeds, at which numerous papers were 
brought before you ing subjects of considerable 
interest, and which gave rise to important discussions. 

But besides the reading and discussion of papers, there 

been much other useful work done by the Institute ; I 
refer to the special committees that have on various 
o>casions been appointed by the Council for the purpose of 
investigating questions of im relative to the pro- 
duction of iron and steel ; the interest evinced in those 





devoid of the commercial dement, and must of necessity 
be an objectionable practice, engendering conceit in the 
mind of the student, which will stand in the way of the 
unbiassed application of his mind to real work. Let 
technical schools confine themselves to the teaching of those 
natural sciences which bear upon practice, but let prac- 
tice itself be taught in the workshop and in the metallur- 
gical works. 

Labour.—Next in importance to an enlightened direction 
of metallurgical works, is the obtaining of labour upon 
reasonable terms. The wages paid in this country are, as 
a rule, higher than those prevailing on the Continent of 
Europe, and I do not belong to those who would wish to 
see them materially reduced. The late Mr. Brassey found 
as the result of his experience that the cost of labour, that 
is the coefficient resulting from the division of the work 
done day, by the day’s wage, was a constant quantity 
for all countries. This rule would lead to the conclusion 
that the more costly but effective labour, as measured by 
a day’s wage, must be the cheaper in the end, because it 
ayn a greater result with a given amount of plant. I 

ve no reason to doubt the general truth of this proposi- 
tion, provided only that it is not disturbed by misconcep- 
tions, regarding e supposed antagonism between labour 
and the capital and skull directing it, which misconcep- 
tions have exercised a baneful influence upon the industries 
of this and other countries in recent times. Both employer 
and employed have reason to reflect seriously upon the ex- 
— gained —s the late period of high prices. 

ilst employers added largely to their producing plant, 
and acquired additional colliery and mining property in 


his} us to consider carefully 


wisely, I think, of the temporary inflation, it can hardly be 
considered a matter for surprise, that the working = am 
caught up the feverish excitement, and endeavoured to 
obtain their share of the golden fruits that were supposed 
to accrue to their ae. Scarcity of labour was 
naturally s tive of combination, and high rates of 


rformed by our late foreign secretary, Mr. David | wages the means of imposing onerous conditions 
‘orbes, F.R.S. The death of this distinguished gentle- | upomthe employer, whereby the pment of economical 
man must be a matter of deep regret to every member bf | processes: was eff retarded. 
the Institute. The commercial which ensued has rendered the 


depression more [cmp and more s ing than could 
have been reasonably expected, and now that we find our- 
selves at what we hope may be regarded as the extreme 
ebb of the ever-fluctuating tide of prosperity, it behoves 
ow a recurrence of the same 
causes of mischief may in the future be rendered less dan- 
gerous in their results. 

One of the most available methods of attaining this im- 
pri résult would be in Rae grees the relations be- 

een emplo. and employed upon the basis of mutual 
interest. I hold that capital has its duties to perform as 
well as its rights to maintain, and that whilst the minimum 
of wages is that whichenables the workman to live with 
reasonable comfort, both parties would be materially 
benefited by so! arranging wages as to make them payable 
in great measure upon results, both as regards quality and 
quantity of work produced, whilst, by the qulabliohaseas of 
mechanics’ institutes, ing rooms, and mutual benefit as- 
sociations, in connexion with individual works, the feeling of 
community of interest would be further strengthened, and 
a recurrence of antagonistic action, so destructive to com- 
mercial results, would be avoided. 
Fuel.—Next in importance to cheap, or rather to effica- 
cious labour in the production of iron and steel, comes cheap 
fuel, a subject to. which, as you are aware, I have devoted 
consi attention, and I would, therefore, treat it, 
with your permission, rather more fully than other sub- 
jects of perhaps equal importance. Fuel, in the widest 
acceptation of the word, may be said to comprise all potential 
force which we may call into requisition for effecting our 
purposes of heating and working the materials with which 
we have to deal, although in a more restricted sense it 
——- only those carbonaceous matters which, in their 
combustion, yield the heat necessary for working our fur- 
naces, and for raising steam in our boilers. It may safely 
be asserted that the great supply of energy available for 
our purposes has been, or is being, derived from that 
great orb which vivifies all nature—the sun. In the case 
of coal, it has been shown that its existence is attributable 
to the rays of the sun, which in former ages broke up or 
dissociated carbonic acid and water in the leaves of plants, 
and rendered the carbon and hydrogen, thus separated 
from the oxygen, available for recombustion. The same 
action still continues in the formation of wood, peat, and 
indeed all vegetable matter. 
The solar ray produces, however, other forms of energy 
through the evaporation of sea-water, and the resulting 
rainfall upon elevated lands, and — currents set up 
in the atmosphere and in the sea, which give rise to avail- 
able sources of power of vast aggregate amount, and 
which may also & regarded in the light of fuel in the 
wider sense. 
The form of fuel which possesses the greatest interest 
for us, the iron smelters of Great Britain of the nineteenth 
century, is without doubt the accumulation of the solar 
energy of former ages, which is embodied in the form of 
coal, and it behoves us to inquire what are the stores of 
this most convenient form of fuel. 
Recent inquiry into the distribution of. coal in this 
and other countries has proved that the stores of these in- 
valuable deposits are greater than had at one time been 


supposed. ‘ 
Thave compiled a Table of the coal areas and production 

of the globe, the figures in which are collected from various 

sources. It is far from being complete, but will serve us 

for purposes of comparison. 

The Coal Areas and Annual Coal Production of the 





Globe. 
Area in Square Production in 
Miles. 1874. 
tons. 
Great Britain ... 11,900 125,070,000 
German ee 1,800 46,658,000 
United States ove 192,000 50,000,000 
France ... ose me 800 17,060,000 
Belgium 900 14,670,000 
Austria... 1,800 12,280,000 
Russia ... 11,000 1,392,000 
Nova Scotia 18,000 1,052,000 
Spain ... poe 2,000 580,000 
Other countries «. 28,000 5,000,000 
Total 270,200 274,262,000 


the total area of the dis- 


This Table shows that roughl f 
amounts to 270,000 square 


covered coalfields of the worl 
miles. 

It also appears that the total coal deposits of Great 
Britain compare favourably !with those of other European 
countries ; but that both in the United States and in 
British North America, there exist deposits of extraordi- 
nary magnitude, which seem to promise a great future for 
the New World. a, 

According to the report of the Coal Commissioners, pub- 
lished in 1871, there were then 90,207 million tons of coal 
available in Great Britain, at depths not greater than 
4000 ft., and in seams not less than 1 ft. thick, besides a 
quantity of concealed coal estimated at 56,273 millions of 
tons, making a total of 146,480 millions. Since that 

iod, there have been raised 600 millions of tons up to 
The close of 1875, leaving 145,880 millions of tons, which, 
at the present rate of —— of nearly 132 millions of 
tons annually, would last 1100 years. Statistics show that 





order to increase their output, and so took advantage, un- 
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during the last 20 years there has been a mean annual in- 
crease in output of about 3} millions of tons, and a cal- 
culation made at this rate of increase would give 250 
years as the life of our coalfields. 

In comparing, however, the above rate of increase with 
that of population and manufactures, it will be found that 
the additional coal consumption has not nearly kept pace 
with the increased demand for the effects of heat, the dif- 
ference being ascribable to the introduction of economical 
processes in the application of fuel. In the case of the 
production of power, the economy effected within the last 
20 years exceeds 50 per cent., and a still greater savin 
has probably been realised in the production of iron an 
steel within the same period, as may be gathered from the 
fact that a ton of steel rails can now be produced from the 
ore with an expenditure not exceeding 50 cwt- of raw coal, 
whereas a ton of iron rails, 20 years ago, involved an ex- 
penditure exceeding 100 ewt. According to Dr. Percy, 
one large works consumed, in 1859, from 5 to 6 tons of 
coal per ton of rails. Statistics are unfortunately wanting 
to guide us respecting these important questions. 

Considering the large margin for further improvement 
regarding almost every application of fuel which can be 
shown upon theoretical grounds to exist, it seems not un- 
reasonable to conclude that the ratio of increase of popula- 
tion and of output of manufactured goods will be nearly 
balanced, for many years to come, by the further introduc- 
tion of economical processes, and that our annual production 
of coal will remain substantially the same within that 
period, which under those circumstances will probably be 
a period of comparatively cheap coal. 

The above-mentioned speculation leads to the further 
conclusion that our coal supply at a workable depth will last 
for a period far exceeding the shorter estimated period of 
250 years, especially if we take into account the probability 
of fresh discoveries, of which we have had recent instances, 
particularly in North Staffordshire, where a large area of 
coal and blackband ironstone is being opened up, under 
the auspices of His Grace the Duke of Sutherland, by our 
member, Mr. Homer. 

Wherever coalfields are found in Great Britain, they 
exist, generally speaking, under favourable circumstances. 
The deposits are for the most part met with at reasonable 
depths, the quality of the coal is unsurpassed by that of 
other countries, and although the coal and ironstone do 
not occur together in all the iron-producing districts, the 
distance from the coal to the iron is small, compared with 
that met with in other countries, and the insular position 
of Great Britain renders water carriage, both for internal 
communication and for the purpose of export, more readily 
available than elsewhere. These advantages ought to de- 
cide the present contest for cheapness in supplying the 
markets of the world with iron and steel in favour of this 
country. 

Coal assumes, in many instances, the form of anthracite, 
and although the South Wales district contains large de- 
posits of this mineral fuel, comparatively little use has 
been hitherto made of it for smelting purposes. When 
raw anthracite is used in the blast furnaces mixed with 
coke, it has been found that the amount so used should be 
limited to from 10 to 15 per cent., or the furnace is apt to 
become choked by an accumulation of decrepitated an- 
thracite. At Creusét, in France, this difficulty was over- 
come many years ago, by crushing the anthracite coal, 
mixing it intimately with crushed binding coal, and coking 
the mixture of about equal proportions in Appold’s vertical 
coke ovens. The coal is a somewhat unsightly, but ex- 
ceedingly hard and efficacious coke. A similar method has 
been followed for some time in South Wales, where coke 
is now produced containing as much as 60 per cent. of 
anthracite, bound together by 35 per cent. of binding coal, 
and a further admixture of 5 per cent. of pitch or bitumen, 
the whole of the materials being broken up and intimately 
mixed in a Carr’s disintegrator prior to being coked in the 
usual manner. Coke of this description possesses great 
power of endurance in the furnace, and is worthy the at- 
tention of iron smelters. 

_ In the United States of America, anthracite plays a most 
important part, being in fact the only mineral fuel in the 
Northern States east of the Allegheny Mountains. Its 
universal application for blast furnaces, for heating pur- 
poses, and for domestic use, imparts to the eastern cities of 
the United States a peculiar air of brightness, owing to the 
entire absence of smoke, which must impress every visitor 
most agreeably, and the difference of effect produced b 
the general use of this fuel, as contrasted with that of bitu- 
minous coal, is most strikingly revealed in a short day’s 
journey from Philadelphia, the capital of the anthracite 
region, to Pittsburgh, the centre of application”of bitumi- 
nous coal. 

In visiting lately the deposits of anthracite coal of the 
Schuylkill district, I was much struck with their vastness, 
and with the manner and appliances adopted for working 
the same. The American anthracite is less decrepitating 
than ours, but its successful application to its various 
purposes is the result chiefly of the judicious manner in 
which it is prepared for the market. The raw anthracite 
as it comes from the mine is raised to the top of a wooden 
erection some 80 ft. or 90 ft. high, in descending through 
which it is subjected to a series of operations of crushing, 
washing, sieving, and separating of slaty admixtures, after 
which it is delivered through separate channels into railway 
wagons, as large coal, as egg coal, walnut coal, and pea 

» each kind being nicely rounded and uniform in size. 
The dust coal, which amounts to nearly one-half of the 
total quantity raised, is allowed at present to accumulate 
near the mine, but experiments are now being carried out 
oa this werd for steam boiler purposes. 

ext in importance to mineral fuel, properly speaking, 
come lignite and peat, of which vast y Ri om ans at with 
in most countries. These may be looked upon as coal still 
in course of formation, and the chief drawback to their use, 


percen' of water which they contain, rendering them 
inapplicable in their crude condition to the attainment of 
high degrees of heat. These difficulties may be overcome 
by subjecting the wet material to processes of compression, 
desiccation, and coking, whereby excellent fuel and products 
of distillation have been obtained, although the cost of their 
production has hitherto exceeded their market value. Crude 
air-dried peat has, however, been rendered applicable for 
obtaining high degrees of heat such as are required for 
metallurgical operations by means of the regenerative gas 
furnace ; and it is important to observe that the calorific 
value of a ton of air-dried peat or lignite, if used in this 
manner, is equal to that of a ton of good coal, if deduction 
is made in both cases of the percentage of moisture and 
earthy matter. The carbonaceous constituents of peat 
yield indeed a very rich gas suitable for melting steel or 
for reheating iron, and the only precaution necessary is to 
pass the gas from the producer over a sufficient amount of 
cooling surface to condense the aqueous vapour it contains, 
before its arrival at the furnace. This ution is not 
necessary, however, in dealing with some of the older lignites 
such as occur abundantly jin Austria and Hungary, and 
which may be ranked as almost equal in value with real 
coal, except for blast furnace purposes. P 
Fuel also occurs naturally in the gaseous condition, a fact 
but too well known to every practical coal miner. Occa- 
sionally, however, it is found separated from the coal with 
whichjit may have been primarily associated, and in those cases 
it has been made practically available as fuel. At Bakoo, on 
the Caspian Sea, natural gas has issued spontaneously from 
the ground for centuries past, and the column of perpetual 
fire thus produced, has served the pw of giving the 
Parsees a holy shrine at which to worship their deity. In 
the district of Pennsylvania, a more substantial application 
has been made of the gas issuing from many of the borings, 
in nage J fuel for working pumping machinery and in 
lighting the district. The quantity of issuing from 
some of these wells may be judged from the fact, that one 
of them, after discharging for three years as much gas as 
could escape into the atmosphere under a pressure esti- 
mated at not less than 200 Ib. on the square inch, has lately 
been connected by means of a 5-in. pipe with Pittsburgh (a 
distance of 18 miles), where 70 puddling and reheating 
furnaces are worked entirely by the fuel so supplied. But 
even this result furnishes only an imperfect idea of the 
calorific power represen by this single issue of 
natural gas, inasmuch as the combustion is carried on in 
these furnaces on the most wasteful plan, the gas being 
mixed imperfectly with cold air, and converted to a large 
extent into dense masses of smoke. An analysis of this 


gas gives : 
Hydrogen ad ts be se ee 18.50 
Marsh gas ove aes ove ; 80.11 
Ethylene eee eee 5.72 


Carbonic acid ... m4 ae ~ «. 0.66 
Although the use of natural gas is not likely to assume 
very large proportions owing to its rare occurrence, its 
application at Pittsburgh has forcibly reminded me of a 
project I had occasion to put forward a good many years 
ago, namely, to erect gas producers at the bottom of coal 
mines, and by the conversion of solid into gaseous fuel, to 
save entirely the labour of raising and carrying the latter 
to its destination. The gaseous fuel, in ascending from the 
bottom of the mine to the bank, would acquire in its ascent 
(owing to its temperature and low specific gravity), an 
onward pressure sufficient to propel it through pipes or 
culverts to a considerable distance, and it would be possible 
in this way to supply townships with heating gas, not only 
for use in factories, but, to a great extent, for domestic 
ay also. In 1869, a company, in which I took a 
eading interest, was formed at Birmingham, under the 
sanction of the Town Council, to supply the town of Bir- 
mingham with heating gas at the rate of 6d. per 1000 cubic 
feet, but their object was defeated by the existing gas 
companies, who opposed their Bill in Parliament, upon the 
ground that it would interfere with vested interests. I am 
still satisfied, however, that such a ee could be carried 
out with great advantage tothe public; and although I 
am no longer specifically interested in the matter, I would 
gladly lend my aid to those who might be willing to realise 
the same. 

Fuel also occurs naturally in the liquid state, and if 
mineral oils could be obtained in quantities at all com- 
parable to those of solid fuel, liquid fuel would possess the 
advantages of great purity and high calorific value ; but, 
considering its rare occurrence and comparatively high 
price even in the oil districts of Pennsylvania and Canada 
its use, as a fuel for smelting purposes, need not be here 
considered. ; 
According to the general definition of fuel given above, 
we have to include the evaporative effect of the sun’s rays, 
by which sea water is raised to elevated mountain levels, 
whence it descends towards the sea, and in so doing is 
capable of imparting motion to machinery. 

This form of fuel, which takes the place of the coal 
otherwise expended in raising steam, has been resorted to 
in all countries since the dawn of civilisation, and it is 
owing to this circumstance that the industries of the 
world were formerly very much scattered over the valleys 
and gorges of mountainous districts, where the mountain 
stream gave motion to the saw mill or flour mill, to the 
trompe of the iron smelter, and to the helve of the iron and 
steel manufacturer. 

The introduction of the steam engine, towards the end of 
last century, changed the industria of the world in 
causing manufactories to be massed together in great 
centres, and this tendency has been still further augmen' 
in consequence of the construction of canals and railways, 
which enable us to bring together the raw material, and to 
disperse the manufactured product at a comparatively low 
cost. It is not unreasonable, however, to that a 
certain reaction in this process of centralisation will gradually 





a8 compared with that of real coal, consists in the large 





take place, because, in consequence of ever-increasing com- 


ted | sidings, and goods shed have been completed at 


petition, the advan of utilising natural forces, which 
we could afford to neglect during a period of general pros- 
perity, becomes again an essential element in determimmg 

he very lowest price at which our produce may be sent into 
the market. 

The advantage of utilising water power applies, however, 
chiefly to Continental countries, with large elevated 
plateaus, such as Sweden and the United States of North 
America, and it is interesting to contemplate the itude 
of power which is now for the most part lost, but which may 
be, sooner or later, called into requisition. 

‘ake the Falls of Niagara as a familiar example. The 
amount of water pose over this fall has been estimated 
at 100 millions of tons per hour, and its perpendicular 
descent may be taken at 150 ft., without counting the 
rapids, which represent a further fall of 150 ft., making a 
total of 300ft. between lake and lake. But the force 
represented by the principal fall alone amounts to 16,800,000 
horse power, an amount which, if it had to be produced by 
steam, would necessitate an expenditure of not less than 
266,000,000 tons of coal per annum, taking the consumption 
of coal at 41b. per horse power per hour. In other words, 
all the coal raised throughout the world would barely 
suffice to produce the amount of power that continually 
runs to waste at this one t fall. It would not be 
difficult, indeed, to realise a large proportion of the power 
so wasted, by means of turbines and water-wheels erected 
on the shores of the deep river below the falls, supplying 
them from canals cut along the edges. But it would be 
impossible to utilise the power on the spot, the district 
being devoid of mineral wealth, or other natural induce- 
ments for the establishment of factories. In order 
practically to render available the force of falling water 
at this, and the thousands of other places under analogous 
conditions, we must devise a practicable means of carrying 
the power to a distance. Sir William Armstrong has 
taught us how to carry and utilise water power at a 
distance, if conveyed through high-pressure mains, and at 
Schaffhausen, in Switzerland, as well as at some other 
places on the Continent, it is conveyed by means of quick- 
working steel ropes passing over large |pulleys. By these 
means, power -— be carried to a distance of one or two 
miles without difficulty. Time will probably reveal to us 
effectual means of carryi aor to great distances, but 
I cannot refrain from x ing to one which is, in my 
opinion, worthy of consideration, namely, the electrical 
conductor. Suppose water power to be employed to give 
motion to « dynamo-electrical machine, a’ very powerful 
electrical current is the result. This may be carried to a 
great distance, through a large metallic conductor, and 
there be made to — motion to electro-magnetic 
engines to ignite the carbon points of electric lamps, or to 
effect the separation of metals from their combinations. 
A copper of 3in. in diameter would be capable of 
transmitting 1000 horse power a distance of, say, 30 miles, 
an amount sufficient to supply one-quarter of a million 
candle power which would suffice to illuminate a moderately 
sized town. 

The use of electrical power has sometimes been suggested 
as a substitute for steam power, but it should be borne in 
mind that so long as the electric power depends upon a 
galvanic battery, it must be much more costly than steam 
power, inasmuch as the combustible consumed in the bat- 
tery is zinc, a substance necessarily much more expensive 
than coal ; but this question assumes a totally different 
aspect if in the production of the electric current a natural 
— is used which could not otherwise be rendered avyail- 
able. 

The force of the wind is another source of natural power 
representing fuel according to the general definition above 
given, which, though large in its aggregate amount, is 
seldom used, owing to its proverbial uncertainty. On this 
account we may dismiss it from serious consideration until 
our stores of mineral wealth are well-nigh exhausted, by 
which time our descendants may have discovered means of 
collecting, storing, and utilising such a power in a manner 
entirely beyond our iy ops conceptions. 

(To be continued.) 








NOTES FROM THE SOUTH-WEST. 

Llandaff Water Supply.—At the monthly meeting of 
the Cardiff Rural Sanitary Authority on Wednesday, Mr. 
Baistow, the surveyor, laid before the Board a scheme for 
supplying the city of Llandaff with water. His scheme 
was to construct a tank or reservoir on the top of the hill, 
and'pump the water by means of a steam engine from a 
well ber the side of the River Taff, or from the Taff itself, 
and then lay mains from the reservoir to all the houses in 
the city. He estimated that the cost of constructing the 
works would be about 20001. The scheme was ordered to 
stand over for further consideration at the next meeting. 


The Forest of Dean.—There has been an improvement 
in the house-coal trade during the past week, and this has 
enabled the principal colliery proprietors to run their pits 
without so much loss of time as on previous weeks durin; 
the past winter. There is a good inquiry for engine , 
prices ranging at the pits from 3s. 6d. to 5s. per ton. Al- 
though the iron trade has not improved of late, it can 
searcely be said to be in a worse position. The demand 
for tin plates is not so , but an improvement has taken . 
place nt the Forest Vale forges. 


The Great Western in Wales.—New passenger stations 
and rearrangement of lines at Cardiff and Landore have 
been practically completed, and a new passenger station at 
Neath will be ready in May. A locomotive depot, goes 

eath. 
shed and yard have also been completed at Swansea. 
ear Newport a loop line to connect the Caerleon and 
Monmonthshire railways at Cwmbron has been commenced. 
letion of this loop, trains to and from the 








Upon the comp 
Monmouthehive Railway will be enabled to use the New- 
port (High-street) station 
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Tae Pacific mail steamer City of San Francisco was | having been designed for Messrs. John Roach and Son | just mentioned are, as will be seen, worked by a separate 
built at Chester, on the Delaware, by Messrs. John Roach | by Mr. Thomas Main, acting under the superintendence | pair of engines, and are thus not affected by the racing of 
and Son, of New York and Chester, Pa., and is 352 ft. in | of Mr. Edward Farron, the superintendent of construc- | the main engines in rough weather. They can also be 
length over all, 40 ft. beam, by 28 ft. 10 in. deep under | tion to the Pacific Mail Steamship Company, by whom | kept to work when the ship is laying at the dock under 
the spar deck. The ship is what is termed a three-deck | the general specification for the engines was drawn up | steam, or temporarily stopped at sea, and at such times 
steamship, with the addition of a hurricane deck run- | and to whom the design of the vessel is due. they maintain the vacuum in the condenser, thus making 
ning all fore and aft, and an orlop deck additional for- We give this week a two-page engraving of these | the main engines start more readily. The employment 
ward, extending from the forward coal bunker bulkhead | engines, together with further views on the present and | of independent engines to work the air and circulating 
to the stem. The ship has three masts, is barque- | opposite pages, and from the views we publish it will be | pumps also enables the engineer—at times when the 
rigged, has a straight stem and no bowsprit, and has an | seen that they are of the vertical compound, surface-con- | main engines are standing—to blow the waste steam 
overhanging elliptic stern. densing type, with cranks at right angles, and have the | into the condenser by a special pipe and valves, instead 

The engines for the City of San Francisco were | air pumps, circulating pumps, feed pumps, and one bilge | of Mostag it into the atmosphere through the escape 
built at the Morgan Iron Works, New York, they | pumsp, independent of the main engines. The pumps | pipe, to the great annoyance of the passengers ; by this 
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means the steam is condensed and returned to the 
boilers, the same as when the ship is under way. The 
arrangement of these auxiliary engines will be readily 
understood on reference to Figs. 1 and 2 of our two-page 
engraving and to Fig. 10 on the present page. 
_ The cylinders of the main engines are 51 in. and 88 in. 
in diameter respectively and 5 ft. stroke ; thelinings are 
a coparately and bolted in, the annular space around 
he a orming a steam jacket. The cylinder covers and 
o 8 are also steam-jacketted. e main valves for 
@ high-pressure cylinder are short, single-ported 





























valves, one placed at each end of the cylinder, and ar- 
ranged to cut off at about two-thirds of the stroke. A plain 
plate expansion valve works on the back of each valve, 
these plates being adjustable by right-and-left screws, to 
cut off from one-tenth up to two-thirds of the stroke. 
The weight of the main valves and their attachments is 
counterbalanced by the pressure of the steam on the 
underside of a piston 8} in. in diameter, working in a 
small cylinder at the top of the valve chest, while the 
pressure on the faces is eounteracted by each main valve 
being connected by links to a piston 20 in. in diameter 
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working in a horizontal cylinder fixed to the valve chest 
cover; the space behind this piston is connected to the 
vacuum part of the condenser. The whole arrangement 
is clearly shown in “ 2 of our two-page engraving 
and Fig. 8-on the opposite page. 
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eccentric is set opposite to the crank 
e eccentric rod leads direct to the, expansion 
valve stem, which is révolved by means of worm gear as 
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shown in Fig. 8 of our two-page engraving, so varying 
the cut-off at pleasure while the engines are working. 
The main high-pressure valve is driven, as shown, by a 
pair of cast-iron eccentrics fitted with wrought-iron straps 
lined with hard brass, wrought-iron rods, double bar 
link, and steel valve spindle, the eccentric rods leading 
direct to the spindle, making the travel of the valve 
equal to that of the eccentric when the link is in full 
gear. The travel of the high-pressure valve is 10 in., and 
that of the high-pressure expansion valve 12 in., while 
the high-pressure steam ports (single) are 44 in. wide by 
36 in. long, and the high-pressure cut-off ports 23 in. wide 
by 33in. long. The main steam ports thus have an area 
of 162 square inches and the cut-off ports an area of 
90.75 square inches, the areas relative to that of the high 
pressure piston being as 1 : 12.6 and 1 : 22.5 respectively. 

The main valves for the low-pressure cylinder are also 
short, single-ported valves, with expansion valves on the 
back, similar in every respect to the high-pressure valves 
except that they have no balance cylinder to remove the 
pressure. The travel of the low-pressure valve is 12 in., 
and the travel of the low-pressure expansion valve 144 in., 
while the low-pressure steam ports (single) are af in. 
wide by 60 in. long. The area of these ports is thus 
830 square inches, the ratio of this area to that of the 
low-pressure piston being as 1:18.43. The weight of 
the low-pressure main valves and their attachments is 
balanced by the pressure of the steam against a piston 
154 in. in diameter fitted to the counterbalance cylinder 
at the top of the valve chest. The valve facings on both 
cylinders are made of hard cast iron, and bolted to the 
faces with countersunk bolts. 

The steam reversing gear cousists of a starting engine 
with a piston 10 in, in diameter, by 12 in. stroke, connected 
to a reversing screw fitted with a crosshead, which is con- 
nected to the rock shaft and reversing links in the usual 
way. The starting engine is also fitted with self-acting 
reversing gear, which will reverse it about the time the 
main engines start, and so prevent the crosshead over- 


starting them in motion. These engines are of the com- 
pound type and make the same number of revolutions as 
the main engines. The steam cylinders are bolted to the 
columns and are 16 in. and 27 in. in diameter respectively, 
by 2ft. stroke, they are each fitted with a plain slide 
valve with lap sufficient to cut off at about two-thirds of 
the stroke. The cranks of the auxiliary engines are at 
right angles, and there is a small receiver between the 
cylinders. 

There are two single-acting air pumps, each 24 in. in 
diameter by 2 ft. stroke, and two double-acting circulating 
pumps each 14} in. in diameter by 2 ft. stroke, the 
arrangement of these pumps being clearly shown by 
Fig. 1 of our two-page engraving and Figs. 4 to 8 on 
page 228. A rear view of one set of the air and circu- 
lating pumps is also shown by Fig. 15 on page 229. The 
combined volume swept through by the two air-pump 
buckets (single-acting) is to the volume swept through 
by the low-pressure piston as 1 : 33.6, while the combined 
volume of the water discharged by the two circulating 
pumps, supposing them to be working at their full 
capacity, is to the volume swept through by the low- 
pressure piston as 1:46.05. The auxiliary engines also 
work two single-acting plunger feed pumps, each 6 in. 
in diameter by 2 ft. stroke, and one single-acting plunger 
bilge pump 6 in. in diameter by 2 ft. stroke. The 
arrangement of these pumps and their valves is clearly 
shown in Figs. 11 to 14, page 229. There is also one 
single-acting plunger bilge pump 8 in. in diameter by 
134 in. stroke, worked from the forward end-of the 
crankshaft of the main engines, as shown in Fig. 2 of our 
two-page engraving; this pump can be disconnected 
when desired. 

The bedplate is cast in two sections, bolted together 
and to the condenser. Each section has two pillow 
blocks with journals 17 in. in diameter by 26 in. long, 
and so arranged that the bottom brass can be taken 
out and adjusted without removing the shaft; the 
brass is circular on the bottom, with a chock under, 





running and striking on the collars; by this means the 
main engines can be instantly started or reversed, even 
when cutting off at the shortest grade, on account of the 
vacuum being always formed by the independent engines, 

For warming up the cylinders before starting, small 
passover valves are provided at each end of both cy- 
linders for admitting steam, and the main and cut-off 
valves are prevented from leaving their faces by bars 
fitted at their backs ,y in. clear; there is also a flat spring 
on the back of each cut-off valve, to keep them and the 
main valves against their faces when there is no steam 
pressure. 

The pistons are each 14in. deep and each is fitted with 
one piston rod, carried through the top and bottom of the 
cylinder, the lower part of the rod being 9 in. and the 
upper end 6} in. in diameter. The lower end is forked and 
fitted with brasses 9} in. in diameter and 14 in. long, and 
also with cap, bolts, nuts, and gibs for wearing on the 
guides, 

The cylinders are carried on the port side by forked 
hollow cast-iron columns standing on the bedplate, with 
the guide plates bolted on separate, and inclosing a hollow 
space for water circulation when going ahead. On 


which is cireular on the top and flat on the bottom to 
admit of slipping up; there is also a chock on each 
side of the brass, which when removed, allows the 
brass to be rolled out. The crankshaft is made in 
pieces and shrunk together; the cranks have counter- 
balances forged on opposite to the pins. The crank pins 
are 16 in. in diameter by 18 in, long, while the line 
shafting is 16 in. in diameter. 

We have now completed our description of the 
machinery of the City of San Francisco as far as it is 
shown by the engravings we give this week. We shall, 
however, in an early number publish illlustrations of 
further details of the machinery, including the boilers, 
and shall then have something to say concerning the 
performance of the vessel and her engines. 








“CENTRIFUGAL FORCE v. UNBALANCED 
FORCE.” 
To THE EDITOR OF ENGINEERING. 
S1r,—In your journal of last week, p. 210, “‘W. B.” 
says that I appeal to Rankine’s works “in support of cen- 
trifugal force,’ but if he looks again at my paper he will 





the starboard side the supporting columns stand on 
the condenser to which they are securely bolted, the | 
guide plates are also bolted to these columns. The high- | 
pressure cylinder casting is made nearly as large as the 
low-pressure one, the annular space forming the receiver | 
between the engines. 


As will be seen from Fig. 8 on page 228, the con- 


denser is cast in two pieces, each having an air pump | taught what any one had a right to call gross absurdity, 
bedplates, | as, according to Professor Tait, he must have done. 


cast on, and also nozzles for bolting to 
columns, exhaust pipe, &c. It contains 2380 tinned | 
brass tubes } in, in diameter by 13 ft. 9 in. exposed 
length, the condensing surface being thus 6425 square 
feet. 


| taught that unbalanced force produced change of velocity, 


The water passes twice through the length of the |‘ 


see that I only referred to Rankine’s works for te purpose 
of disproving a statement that had been made that ‘‘ cen- 
trifugal foree had long since vanished from books of 
science,’’ and not at all as an authority in support of the 
existence of centrifugal force, which is a question for 
argument and not authority to decide. I admit that I 
referred to Newton as an authority, but only in so far as 
to point out that it was very improbable that Newton had 


As regards the fact stated by ‘“‘ W. B.’’ that Rankine 


I have only to say that I was quite aware of it, and as far 
is I know all other writers on dynamics have taught the 



































condenser, first through the upper section, then descend- 
ing and going through the lower section and so on over- 
board. This arrangement has been adopted to secure 
that the steam shall strike the coldest surface on entering 
the condenser, thus tending to form the vacuum more 
rapidly, while the water of condensation leaves the hottest 
condensing surface, and so will be delivered into the hot 
well at a higher temperature than it would if the injec- 
tion water flowed through the condenser tubes in the op- 
posite direction. With the condensing water flowing 
downwards through the condenser there is, however, a 
greater chance for air to accumulate and so interfere with 
the efficiency of the condensing surface. 

The tube plates of the condenser are of hard cast iron 
1} in. thick, and the tubes are packed with paper pack- 
ing, and are supported at two places in their length by 
cast-iron plates 1 in. thick. A detail view of the tube 
packing is given in Fig. 9 on page The ex- 
haust pipe is of cast iron and is 25 in. by 20 in., with 
an expansion joint in the middle, and under it there is a 
deflecting plate 31 in. wide cast across the condenser 
above the tubes, which prevents the steam from striking 
them direct. The auxiliary pumping engines consist of 
levers working over the condensers, with the pumps 
connected to the one end and the steam cylinders to the 
other; there is a crankshaft with a counterbalance 
flywheel connected to the engines as shown, for the 
purpose of regulating the action of the pumps and for 
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same thing. But if I had only to repeat what others had 
|said before there would not have been the least occasion 
| for my article which you were kind enough to publish on 
| the 23rd ultimo, and which has, I think, put the question 
| of centrifugal force in a focus, if it has done nothing else. 
To give a new definition of inertia, as ‘‘W. B.”’ requests, 
| is very difficult. In fact, itis nearly always a difficult thing 
| to give a concise definition, and p Arr is this the case 
when that which has to be defined is, or partakes of the 
nature of, a first principle, which is the position of inertia 
in respect to our present state of knowledge. Inertia is a 
principle or quality of matter by whichfit offers resistance 
to any change taking place in its velocity. It is perfectly 
inert or latent if no change is taking place ; but it becomes, 
or is the means of producing, a resisting foree when change 
of velocity is taking place, and this force is proportioned 
to the rate of change of velocity in a given mass. 

I find that Newton speaks of the resistance arising from 
acceleration, so that P had unknowingly used the very 
word he employed to express the same idea. If there is 
any doubt as to whether alteration of velocity involves 
resistance, I think the following considerations will remove 
it. Let a weight descend a given distance at a uniform 
rate driving a machine, and let another equal weight de- 
scend the same distance freely acquiring velocity. It is 
evident that the energy expended in each case, which is the 
force of onan of the acting through the distance 
descended, is the same; therefore the work done is thie 
same. But if the work done is the same, and the distance 


That is to say, resistance to change of velocity is equal to 
the force producing that change. 

Again, to show in a few words that resistance to any 
tendency in one direction is a force pushing or pulling in 
the opposite direction, take the following illustration. Let 
a vessel, a bucket for instance, be suspended by a rope 
which passes over the barrel of a winch, and let a heavy 
body, say acannon ball, be placed on the bottom of the 
bucket. Now, it may be said that the pressure on the 
lower side of the ball is resistance to its gravity and not a 
force pushing it upwards; but commence to heave the 
bucket up and then we are obliged to admit that that 
pressure is a force pushing upwards, for there is no other 
possible reason for its ascending ; and gravity now becomes 
the resisting force. The whole difference lies in our 
imagination. In the one case we think of the weight acting 
downwards, and in the other of our endeavour to get it up. 
Substitute a very long spiral spring for gravity and the 
reality and correctness of this view becomes indisputable. 

The correction of “‘Z. H. K.’s’’ letter by substituting cen- 
tripetal for centrifugal in the place he refers to, brings out 
exactly the same result as I did in my last letter ; but my 
explanation gets the result more directly and with fewer 
lines in the diagram. I have not yet been able to see his 
difficulty in the matter in relation to the conservation of 
energy. If he would put it more clearly, I think it is more 
than probable that I could show him the road out of it, as 
he appears to understand the subject better than many 
who think they know everything about it. 

Rosert D. Napier, 








THE AMERICAN MAILS. 
To THE EpIToR oF ENGINEERING. 

S1r,—It must be gratifying to many to observe that the 
Inman line has been again entrusted with the conveyance 
of a portion of the American mails. 

Chiefly owing to the spirited policy of the Inman and 
White Star lines, the voyage between Liverpool and New 
York has been reduced to about 8} days. And should 
their efforts be appreciated by the commercial and 
travelling community I feel sure that the day is not far dis- 
tant when we shall have steamchips 600 ft. long with engines 
of 10,000 indicated horse power engaged in the Atlantic 
postal service, and performing the voyage between Liver- 
pool and New York in seven days. 

It is needless to add that, with vessels of this type, pro- 
vided with every element of safety and comfort, the 
passenger traffic between the old and new hemispheres 
would expand far beyond that at present existing. 

Yours obediently, 
March 21, 1877. J. EVELYN WILLIAMS. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a large 
attendance on ’Change at (Middlesbrough, although many 
gentlemen had left the district to be present at the Iron 
and Steel Institute meeting in London. The market was 
flat and prices were lower. No.3 Cleveland pig was quoted 
42s. 6d. per ton, and other qualities at proportionate rates. 
There was scarcely any business done. Makers’ stocks are 
increasing, and the necessity of taking some steps for 
lessening the production is daily making itself more felt. 
There are ple weak enough to say that if the news- 
papers would write up trade there would soon be an im- 
provement. The causes of depression are too strong to be 
removed so easily. In all parts of the world trade is bad, 
and the amount of unemployed labour is great. Many 
experienced people believe that the Eastern Question has 
mainly contributed to the general dulness, and they look 
to a settlement of the affairs of Turkey as a sure remedy 
for the prolonged bad times. 


The Finished Iron Trade.—All branches of the finished 
iron trade, except the shipbuilding departments, continue 
dull. There is no sign of improvement. Many iron rail 
makers fear that they will never again be as busy as they 
were a few years ago. 


Engineering and Shypbuilding.—On the northern rivers 
these important industries are active. Nothing further 
has been done respecting the application of the men en- 
gaged in the shipyards on the Tees for an advance of 
salary. 

Proposed Reduction of Miners’ Wages.—From time to 
time we have called attention to the depressed state of trade 
in Cleveland. As a further proof of the lamentable state 
of affairs the Cleveland Mineowners’ Association have 
passed the following resolution: ‘‘ The Cleveland mine- 
owners feel that they cannot longer defer that reduction 
in wages which the prostrate condition of trade and the 
amount of unemployed, or partially employed labour im- 
peratively calls for ; the Association is, therefore, of opinion 
that a reduction of 14d. (three halfpence) per ton in the 
mine rate, and of 10 per cent. in other wages should be 
brought into effect on Monday the 16th of April; it invites 
the miners’ executive to a my | on «un early day, in the 
hope that this reduction may be then amicably arranged. 
On Monday the representatives of the men will meet the 
masters at Middlesbrough, and the question will be dis- 
cussed. If they cannot agree arbitration will probably be 
resorted to. 


The Coal and Coke Trades.—The coal and coke trades 
are miserably flat. Prices are low and many collieries are 


working iy: 


Lyons.—The population of Lyons has been found by a 
census eve be 323,417. This total exhibits 











— through is the same, the resistance must be the same ; 
or work done is resistance overcome through distance. 





n to D 
an increase of 18,393 when compared with the — 
indicated in the last previous census taken in 1872. 
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NOTICES OF MEETINGS. 
THE INSTITUTION oF CIVIL ENGINEERS.—Tuesday, March 27th, 
a: p.m., ‘*The River Thames,” by Mr. J. B. Redman, Memb. Inst, 


INSTITUTION OF SURVEYORS.—The next meeting will be held 
at 12, Great George-street, Westminster, on Monday evening, 
March 26th, when the adjourned discussion on Mr. J. Lucas’ 
paper, entitled “Hydrogeology: one of the Developments of 
Modern Practical Geology,” will be resumed, The chair to be 
taken at eight o'clock. 


ENGINEERING. 


FRIDAY, MARCH 23, 1877. 











INSTITUTION OF CIVIL ENGINEERS. 
‘Proposats for an important change in the con- 
stitution of the Institution of Civil Engineers are 
now under the consideration of the members of that 
Society. These proposals are not of very tecent date, 
having first been madeto assume a definite form in the 
annual report of the Council for 1874. In this docu- 
ment the following passage occurs : ‘‘ Some dissatis- 
faction has been expressed with the present definition 
of the class of Associates. In the bye-laws Associates 
are described as persons “ not necessarily civil en- 
gineers by profession, but,whose pursuits constitute 
branches of engineering, or who are by their con- 
nexion with science or the arts, qualified to concur 
with civil engineers in the advancement of pro- 
fessional knowledge.” ‘There is reason to believe that 
many young professional men, who wish to join the 
Institution, but who are not yet fully qualified for the 
rank of Member, think it a hardship that they should 
be called by a name which does not imply full 
fellowship, and should be classed with persons “ not 
necessarily engineers.” It must be recollected that 
that the condition of the profession has much 
changed of late years, and it may be open for con- 
sideration whether some modification cannot be 
devised, which, while retaining an honourable dis- 
tinction for the more experienced members, will yet 
afford a just recognition of their younger brethren. 
Before the time came ro for the reading of 
another annual report, the governing body of the 








Institution had more fully developed their views for 
advancing the welfare of ‘‘ their younger brethren.” 
In their report they say: ‘The Council have 
during the past year devoted much and careful 
attention to this subject, and have arrived at the 
conclusion that it is desirable to create a new class, 
in order to distinguish between those who are 
engaged in the active pursuit of civil engineering 
and those who are not so engaged ; but as the mode 
in which this alteration should be carried out is 
found to involve some technical questions, it has 
not been possible as yet to prepare a definite recom- 
mendation. The question is one, however, which 
cannot fail to occupy the immediate consideration of 
the incoming Council.” As ‘“ the incoming Council” 
for the present session is—excepting those gentle- 
men representing the Associate class—precisely ‘the 
same as that which gape the paragraph above 
quoted, this proposed change incurred little danger 
of modification, and we accordingly find it fully 
developed and ready for presentation at the last 
pon a annual meeting (December 19, 1876). The 
report read before that meeting opens as follows: 
‘* The constitution of the Society, which was alluded 
to in the two previous reports, has again received 
careful consideration. According to the present 
classification, no distinct provision is made for the 
large number of engineers who are past the age 
when they can remain students, but have not yet 
occupied such positions, nor been so employed as 
to render them eligible for Members. Hitherto it 
has been the practice to recommend such candidates 
for election as Associates ; henceithas come to pass that 
this class comprises more thantwo-thirds of the whole 
body—an undesirable result, and one that certainly 
was not contemplated when the original regulations 
were framed, for in those regulations Associates were 
described to be persons ‘ who are not engineers by 
profession,’ The Council advise that in future the 
definition of associate should be so restricted, and 
that the class should no longer include persons 
practising the profession, as defined in the charter. 
‘The omission referred to is proposed to be supplied 
by the creation of a new class.. The selection of a 
suitable title for this has been a matter of great 
difficulty. For weighty reasons, it has been deemed 
desirable to preserve the title of Member and that 
of Associate, to indicate respectively the classes 
previously so indicated. Some expression had there- 
fore to be found which would fairly and properly 
represent the position of the new class. With this 
end several suggestions were made and fully dis- 
cussed, and simple as it may appear, there were ob- 
jections to every title brought forward. As the 
result of long and anxious deliberation, the Council 
recommend the term of ‘ Associate - Member’ as 
being least open to objection. Adhering as closely 
as possible to the working of the present bye-laws 
as to members, the rule for the proposed class might 
be: 
‘* ASSOCIATE-MEMBERS.—Every candidate for ad- 
mission into the class of Associate-Members, or 
for transfer into that class, shall come within 
the following condition : 
‘¢ He shall be more than 25 years of age ; shall 
(either by pupilage with a civil engineer or 
otherwise) have acquired the requisite know- 
ledge for following, and shall be actually 
engaged in some of the branches defined by 
the charter as constituting the profession of a 
civil engineer. 
‘‘ Kach resident Associate-Member shall pay 
three and a half guineas, and each non-resident 
Associate-Member three guineas per annum.” 
Acting upon this perfected proposal of the Council, 
Mr. James Forrest issued on the 17th inst. a circular 
letter to all members of the Institution, enclosing 
the foregoing extract from the Council’s report, and 
suggesting several titles forthe proposed new class. 
This letter concludes as follows: ‘‘ For weighty and 
obvious reasons it is not possible to change the 
designation of those who constitute the present 
‘ Members,’ nor of those who will remain in the class 
of ‘ Associates’ proper, therefore it becomes in- 
dispensable to devise a new title.” Enclosed also 
with this circular is a form, containing the various 
titles suggested, from which the Member to whom 
the letter is addressed is requested to select, or to 
add a new one if such occurs to him. ‘The suggested 
titles are ‘‘ Associate Member,” ‘‘ Junior Member,” 
‘“‘ Graduate Member,” “‘ Engineer Associate.” We 
pownmne that when the replies to this circular have 

een received further special meetings will be held 
to consider what “— shall be finally adopted. 

We think that before this decision shall have been 





arrived at, the members of the Institution will do 
well to consider carefully how the creation of a new 
class will affect the interests and welfare of the 
Society, whether any such creation is ne , and 
if it be, whether or no it should be in the direction 
desired by the Council. 

Up to the time when the Institution of Civil 
Engineers became a corporate body under Royal 
Charter, that is to say, on the 3rd of June, 1828, 
and, indeed, till some a after that time, there 
was no difficulty possible as to the classification of 
its members. ‘The profession of engineering was 
undeveloped, it had but comparatively few followers, 
who by the work of their individual brain and 
hands, proved their qualification beyond a doubt. 
But as it was understood at the very outset that 
there would be in connexion with those few actual 
engineers, a number of persons interested in matters 
associated with or pertaining to the profession, 
—s was made for their admission into the 

ody. Probably, indeed, the founders were anxious, 
seeing the scantiness of their own numbers, to 
increase the roll-call of their Society by attracting 
scientific men, the contractors of the period, 
amateurs, patrons maybe, all of whom would 
further the interests of the Society, and by force of 
numbers tend to strengthen it. Such members were 
termed Associates, ‘‘ those whose pursuits constitute 
branches of engineering, but whoare not engineers 
by profession,” Had the governing body of the In- 
stitution always acted in conformance with the in- 
tention of the founders, had they in fact kept within 
the true intent of the Charter, the present necessity 
for a change would not have arisen. As time went on 
not only did the numbers of engineers increase, butthe 
pupil class became numerous, and in 1838 mention is 
made in the General Report of the creation of a 
Graduate class, in which ‘pupils or assistants to 
engineers” qualifying themselves for the | som of 
the profession were enrolled in the class of Members, 
under the sanction of the Council, Even at that 
early date. the evil of admitting engineers as 
Associates was clearly felt, and referred to, and it 
was then the intention to elect Associates only in 
accordance with the original programme. In 1839 
the standard of qualification for the admission of 
Members was raised, and for some time all worked 
well on this system, but it eventually proved that 
the graduate class became a power—and an un- 
desirable one—in the Society. New elections into the 
class ceased, it decreased in numbers and in in- 
fluence, and in 1867-68, the rank was finally ex- 
tinguished, and the attached class of students 
created, making an admirable addition to the In- 
stitution. 

The intention of the Council of 1838, to keep the 
Associate class within the proper limits, proved a 
failure, and from that time to this the number has 
been steadily increasing, the ranks being filled ina 
very large number of cases by men in all respects 
eligible as Members, and who would doubtless occupy 
that rank if their election depended on open and 
general voting, instead of on secret and limited dis- 
cussion, At the present time this class numbers 
1582 against 864 Members, while their contribution 
to the revenué amounts to 4295/. against 2620/. 
Holding thus such a very large majority both in 
numbers and in revenue, occupying a position 
entirely different to that originally contemplated 
for the Associates, and being recognised as members 
by the governing body of the Institution, by whom 
they are grouped with the higher orders under the 
general term as ‘members of all classes,” the ne- 
cessity for making some change will be at once 
apparent. The nature of this change, however, is 
one that should not be decided on hastily, and we 
believe that the Council are in error in proposing 
the creation of this rank of ‘* Associate-Members.” 

It is contemplated that these latter shall in all 
cases be engineers, and if it should prove, as we be- 
lieve it will, that under the conditions of the Charter 
they will be entitled to all the corporate rights be- 
stowed by that Charter, just as full Members are 
entitled, we fail to see where will be the advan- 
tage of doing otherwise than admitting such persons 
as avowed Members, while there would be many 
disadvantages attending the creation of a class whose 
inferiority would be marked by a title, in defence 
of which the best the Council can advance is, that 
it meee open to /ess objection than any other they 
“s ow h the proposition to be ac 

ju g, however, r - 
dogtet and such a class to be created, it would be 
the most numerous and powerful one in the Society, 
somewhat embittered probably by a sense of in- 
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feridrity enforced by the governing body, and yet|sents..... And we lastly declare it to be our 
oe all the duct rights equally with the | Royal will and pleasure that no resolution or bye- 


minority of full Members. Surely this is a condi- 
tion of things not desired by the Council, and one 
certainly not desirable in the interests of the Insti- 
tution, On the other hand, if membership were 
open to all complying with prescribed conditions, 
not dependent, as we said before, on secret conclave 
but upon public opinion, the whole corporate 
body would be rendered homogeneous, and the 
chance of conflict, dangerous for the minority, 
would be removed, Probably, in such a case, it 
would be necessary somewhat to alter the present 
standard of qualification by the omission of the 
vague words ‘considerable degree of eminence,” 
which convey no meaning, but which too often 
oppose a fatal barrier. The first paragraph of con- 
ditions as it stands in the bye-laws is most reason- 
able, but as misquoted by the Council in their last 
report is open to a similar objection. They speak 
of the necessary qualification being ‘‘ at least five 
years’ responsible professional charge of adequately 
important engineering works.” It would be interesting 
to know for what reason the Council should have 
seen fit to convey the idea that this qualification is a 
quotation from the bye-laws, when in point of fact 
nothing of the sort isto be found inthem. The 
clause as it really exists is totally different, and, as 
we say, is open to no objection. It will be worth 
while to consider the present condition of things at 
the Institution with reference to the Charter under 
which it exists, for we cannot help thinking that the 
position of the new class, supposing it to come into 
existence, will be somewhat different to that sup- 
posed by the advocates of it. 

It ap to us that the present organisation of 
the Institution has been allowed to grow somewhat 
into confusion, partly because the conditions of the 
Charter, which were ample and well devised at the 
date when it was framed, are now somewhat too 
limited, and partly because some of the bye-laws 
have been permitted to overrun the boundaries of 
the Charter. 

At the commencement, as we have seen, the posi- 
tion of Associates was so clearly defined, and the 
difference between them and Members so strongly 
marked that they could in no way affect the Insti- 
tution to its disadvantage. But for a long time this 
has been entirely changed. Associates number two- 
thirds of the whole strength of the Institution, and 
their collective professional ability probably ranks in 
the same proportion ; they have long ceased to con- 
sist only of persons ‘‘ not engineers,” but are for 
the eo wok pe strictly engineers in practice, many of 
undoubted ability and position. In admitting such 
persons to the rank of Associates it is evident that 
the Council has departed from the original in- 
tention of the Charter—from the leading idea ofthe 
founders of the Institution. But they have done 
more. For many years the class of Associates has been 
represented at the Council table; the auditors are 
taken from Members or Associates indifferently, ac- 
cording to the bye-laws. It may be convenient here 
to refer to the actual words of the Charter, or such 
parts of it as refer to the constitution of the Society. 

‘* Now know ye that We, being desirous of en- 
couraging a desire so laudable, &c., will, grant and 
declare that the said Thomas Telford, and such 
others of our loving subjects as have formed them- 
selves into, and are now members of the said Society, 
or who shall at any time hereafter become members 
thereof, according to such regulations or bye-laws 
as shall hereafter be framed or enacted, shall, by 
virtue of these presents, be the members of, and form 
one Body Politic and Corporate, for the purposes 
aforesaid, by the name of ‘ The Institution of Civil 
Engineers,’ and by which name they shall have 
perpetual succession anda common seal, &c. . . And 
it is our will and pleasure that there shall be a 
general meeting of the members of the said body 
politic and corporate, to be held from) time to time, 
as hereinafter mentioned, and that there shall 
always be a Council, to direct and manage the con- 
cerns of the said body politic and corporate ; and 
that the general meetings and the Council shall have 
the entire direction and management of the same. 
The general meetings shall make and establish such 
bye-laws as they shall deem to be useful and neces- 
sary for the regulation of the said body politic and 
corporate, for the admission of members, for the 
management of the estates, &c.; . . . and such bye- 
laws from time to time shall or may alter, vary or 
revoke, and shall or may make such new and other 
bye-laws as they shall think most useful and ex- 
pedient, so that they be not repugnant to these pre- 


law shall on any account or pretence whatever be 
made by the said body politic and corporate in op- 
position to the general scope, true intent and mean- 
ing of this our Charter . . . . and that if any such 

e or bye-law shall be made, the same shall be 
absolutely null and void to all intents, effects, con- 
struction, and purposes whatever.” 

It is not difficult, we think, to understand what 
was the “ general scope” and ‘true intent” of the 
charter, It referred to engineers, and to none but 
engineers, Members present and to come of the cor- 
porate body. Itdid not refer to the small number of 
Honorary Members, whose title was complimentary 
nor to the annexed group of Associates, whose pur- 
suits lay outside the field of engineering. It was 
framed for the Members, and for them alone. Now, 
in the lapse of years two things have come to pass, 
the Associates in the true sense of the word, have 
grown to be small in number, and the class is filled 
with active followers of the profession, and the per- 
sons in this class are recognised and spoken of as 
Members of the Institution, not in relation to their 
actual status on the Society’s books, but as members 
of the corporation, And their position and import- 
ance have been long recognised by one of the bye- 
laws which brings “ three Members of Council from 
the class of Associates,” as we have already said. 

What then is an Associate of to-day? Clearly not 
what it was in Telford’s time, and clearly not what 
was intended by the Charter, which gives only cor- 
porate rights to Members, but which the bye-law 
overriding the Charter has extended to the lower 
class. It would appear from this difficult to give the 
exact status of the Associate class in the Institution. 
And this difficulty has arisen from the practice of 
placing engineers in a class intended chiefly or entirely 
for persons only associated with the profession. 

And if there were no other objection to the pro- 
posed creation of a new rank of Member in the 
Society, the increased confusion and uncertainty 
would be a sufficient one to justify great hesitation 
and the utmost caution, If it be difficult to define 
an Associate, what will be the possibility of defining 
‘‘an Associate-Member,” assuming this more than 
questionable title to be adopted ? 

Associate-Member. That is, a Member who is an 
Associate, an engineer who is not an engineer; a 
Member who is not a Member, reduced by the first 
half of the title to the original—not the present— 
rank of Associate outside the Institution, elevated by 
the second half to that of Member, to enjoy all 
the rights and privileges of the Charter. hich 
portion of this title would weigh the heavier, to 
lower the candidate or to raise him up?. And what 
would be the position he could claim as his right 
under the Charter? Ostensibly it is the desire of the 
governing body of the Institution to improve the 
present condition of the Associates by the creation of 
this new class, which shall comprise none but engi- 
neers. They propose to call them Members, qualified 
with the obnoxious and meaningless prefix; they 
cannot be admitted unless they are eligible under 
the conditions already quoted by us, But if they are 
Members—as they have a right to be considered— 
then they must share all the rights and privileges 
bestowed by the Charter ; nothing can deprive them 
of these. It can scarcely be contemplated for a 
@ moment to give them such a rank, implied by 
name or otherwise, as shall throw any doubt upon 
their professional qualifications ; but unless this is 
done, it is difficult to see how any distinction in 
corporate rights can be made between the new 
class and the full Member. But we presume it is de- 
sired to make some difference, otherwise there would 
be no reason for desiring to create a new grade. 
Of course we are speaking now of chartered rights, 
We suppose that the new class could not insist 
on participation in privileges existing under bye- 
laws. But that is of small importance, the main 

int being, it seems to us, os clear that all 

{embers of the new class must legally be full par- 
ticipators and on an absolutely equal footing with 
the other Members. 

And if this be so, where does the advantage of 
the change come in? Supposing that most of the As- 
sociates elect, as they must do (or leave the Institu- 
tion), to be called ** Associate-Members,” they will be 
full members to all intents and purposes—barring the 
doubtful dignity of the title and the restrictions that 
could be made in virtue of existing or future bye-laws. 
Certainly this would not seem the purpose of the 
governing body, which ostensibly seeks to provide a 








location for a large number of young engineers, 





unwilling to become Associates, unable to become 
Members. But we cannot help suggesting that this 
solicitude for the ‘‘ younger brethren” is not the 
whole cause for action. The Associate class now is 
very strong, very able, very honourable ; the time 
— come, if things progress as at present, when it 
will exceed in force the class of Members, which 
would be objectionable to the real interests of the 
Institution, Something therefore has to be done. 
The mistake of allowing the Associate ranks to be 
filled with real engineers during the past fifteen 
years must be rectified somehow, and it is a con- 
venient way and a sure way—if it can be done—of 
driving in a large and compact intermediate body 
which shall (at its own expense) force down the 
Associates to their iT rank on the one hand, and 
drive up the present Members to an undue elevation 
on the other. Were this effected the end would be 
secured thoroughly. Existing Members would be 
satisfied, for a superior rank would be thus in fact, 
——- not in name, conferredonthem. Associates 
could not with reason complain, for they would be 
simply reduced to the position properly assigned to 
them at the beginning. The aulustueate hybrid 
—the A.M.I.C.E.—would alone suffer. He would 
be taken from the once strong and able ranks of the 
Associates then destroyed, and located beneath the 
Members ; how far beneath, time and the Council 
alone could decide, But he has two safeguards 
against this undesirable event—his own common 
sense and the Charter. 

Clearly, to our minds, this proposed step is filled 
with danger to the real welfare of the Institute. It is 
full of practical difficulties. As we have just said, 
whilst it would rightly depress the true Associates, it 
would wrongly elevate the full Members. If 
hundreds of present Associates are to be lifted up (?) 
into the new class, certainly scores of present 
Members should be handed down into it, for the 
head ranks of the Associates overlap by far the rear 
ranks of the Members. Yet who would be bold 
enough to propose such a courseas this? Again, by 
circumstances and lapse of time the initials A.I.C.E., 
abroad at all events, carry with them weight and 
influence ; itis one of the privileges of the Institution 
that its influence thus extends throughout the worid. 
But we doubt much whether the changed initials, 
when they became understood, would do half the 
service that the well-known letters render at 
present, 

There appears to us to be only one satisfactory 
and common-sense way of dealing with the present 
difficulty. To go back to the meaning of the founders, 
and to “‘ the general scope, true intent and meaning 
of this Our Charter.” To have two classes only, 
and to let Associates be Associates and Members, 
Members. It is obvious that the latter must be 
eligible before they are elected, and the conditions 
laid down in the bye-laws and regulations provide 
fully for this, ‘The candidate must be more than 
25 years of age, shall have been regularly educated 
as a civil engineer according to the usual routine of 
pupilage, and have had subsequent employment for, 
at least, five years in a responsible situation as resi- 
dent engineer, or otherwise, in some of the branches 
defined by the Charter as constituting,the profession 
of a civil engineer; or, he shall have practised on 
his own account in the profession of a civil engineer 
for, at least, five years, and have acquired a con- 
siderable degree of eminence in the science.” 

If these conditions are complied with we hold 
that any candidate should be eligible for election to 
the rank of Member. The very nature of our calling 
renders a liberality on the part of the Institution ne- 
cessary. This is not a recognised profession. The 
Church, the Law, Medicine, have all certain and 
established means by which the capability of the 
candidate is tested, and if he passes these tests, he 
is admitted into his respective profession without 
any suffixes denoting inferiority being attached to 
his name. In Engineering it is different, and the 
Institution wisely allows a greater limit of age, 
assuming that these extra years may be usefully 
employed for qualification, and surely when these 
qualifications have been attained, the candidate 
should be allowed to pass into the ranks of the 
Institution as a Member in the usual acceptation of 
the term, It must not be forgotten that now-a-days, 
the ‘eminent engineer” is not necessarily the 
“ skilful engineeer.” Eminence in the profession 18, 
perhaps, oftener attained by a combination of com- 
mon sense, good fortune, and the ability to use 
the skill of those less fortunate, than of actual 
personal merit. And to a great extent gilding 
must be taken for sterling metal, for it is impos- 
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sible to discriminate, and there is, therefore, all the 
greater reason for treating in a broad and liberal 
spirit the less fortunate engineers. : 

But if those from whom this proposition of 
creating a new class emanates, shrink from seein 
the barrier shutting off the Associates removed, an 
the greater portion of their number admitted to 
Membership, there is another and a legitimate means 
open to them, by which they can separate them- 
selves from the masses. It is impossible to make a 
change at the lowest grade of the Institution ; the 
attached class of students admirably filled what was 
wanted at that end of the Society. It would be 
impolitic, and we believe impossible without in- 
fringing the prescriptions of the Charter, to esta- 
blish the intermediate class as contemplated ; but 
surely there can be no objection to creating a higher 
rank to be filled by the able and fortunate few, who, 
by virtue of undoubted ability, or by time, patience, 
or circumstance, are leaders of the profession in 
the Institution, The rank of Fellow would, we 
think, be grudged to none such, if confined to 
those who sit in Council; it would confer an in- 
creased dignity to the Institution, and would adorn 
the eminence of the able, or gild the good fortune 
of the lucky veterans of the profession, It is in 
this direction, we think, that a change—if one be 
necessary—should be made. 

We should be very unwilling to misjudge in the 
least degree the motives which have led to the pro- 
positions we have been discussing. But we cannot 
help reading behind the lines of the Secretary’s letter 
we have quoted at the beginning of this article— 
For weighty and obvious reasons, the title of the 
existing Members cannot be altered—and guessing 
at these reasons which do not appear on the surface. 
These weighty and obvious reasons are not iven ; 
they may be the former, but they certain y are 
not the latter. Butit is just possible that they 
may exist in the mind of some of the old and in- 
fluential Members of the Institution somewhat in 
this fashion: ‘* We have always been Members and 
always will remain so ; we are forced by actual pres- 
sure to do something, to make some change in the 
constitution of this Society, to remove the anomaly 
of an Associate class composed mainly of persons 
fit for Members, but we will not admit an over- 
whelming number into our ranks, neither will we 
abandon our present for a more exalted title. The 
majority of the Institution must be shifted to meet 
our wishes, for we have no intention to make an 
change in opposition to our own views, even thoug 
the welfare of the Institution demands it,” 

If this, plainly construed, be the motive or one of 
the motives that actuates opinion in Great George. 
street, it is obviously wrong, and eminently selfish 
and dangerous ; and if it prevail, will be felt in its bad 
consequences long after the present leaders of the pro. 
fession shall have passed away and been forgotten. 








UNSAFE ECONOMISERS. 

WE publish on page 236 of the present number a 
report by Mr. John Waugh, the engineer of the 
Yorkshire Boiler Insurance Company, upon an eco- 
nomiser which recently exploded at Saltaire, this 
economiser being one of a type the bad qualities of 
which deserve to be widely known. The particular 
economiser which failed is fully described in Mr, 
Wanugh’s report, and we need not, therefore, repeat 
particulars of it here ; what we desire to do, how- 
ever, is to point out the danger of employing the 
type of construction of which it was an example, 

he type is one worked on what is termed “ the 
continuous circulating system,” the feed water tra- 
versing successively every pipe of the economiser 
on its way from the feed pump to the boiler. 

The annexed diagram, Fig. 1, will serve to ex. 
plain clearly the principle of the ement. 
Here are shown a series of vertical tubes closed at 
the top and each provided with a mid-feather extend- 
ing nearly to the bottom, while at their upper ends 
the successive tubes are connected laterally as 
shown. A stream of water entering the series at a 
would of course pass down the first tube on one 
side of the partition and rise up on the other side, 
thence flowing through the connecting branch to 
Pipe No. 2 to traverse it in the same manner and 80 
on. Now the arrangement shown in the diagram, 
although differing somewhat in detail, is the exact 
equivalent of that which failed at Saltaire, and the 
reason for the failure is ve easy to trace. In the 
first Place it will be seen that an economiser made 
as shown in the sketch can never be 


ly filled. 
When the water rises up the second divisio 


vision of the 


first tube it of course drives the air before it, but 
unless the current of water is very strong a compa- 
ratively small og age of the air in the connect- 
ing branch will be carried forward through the 
second tube, and so on. There is thus a volume of 
air enclosed at the top of each tube, and when the 
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economiser is under pressure this air is compressed 
and occupies the upper part of the main tubes and 
branches, throttling the water way through the 
latter to a greater or less extent according to the 
volume of air enclosed. In Fig. 1, AA represents 
the water line, and the condition of affairs there 
shown may be said to be the normal condition 
under which the economiser will work when there 
is a constant flow of water through it, this flow 
being sufficiently rapid to prevent the generation of 
steam. 

When, however, the flow of water through the 
economiser is stopped and an attempt is made to 
boil off the contents, as was the case at Saltaire, a 
different condition of things ensues. Let us suppose 
for instance that the boiling off process has gone on 
until the water remaining would fill the tubes to the 
height of the line BB, Fig. 2. Now under these 
circumstances itis evident that any steam generated 
in the divisions d and ¢ of the pipes C and D, can 
(supposing the arrow to show the outlet) only escape 
by depressing the water in the division d, and this 
depression will go on until the difference of level of 
the water in the divisions ¢ and ¢ of the pipe C is 
equivalent to the tension of the vapour in the com- 
partment we are considering. Let us —_ ose that 
this tension has reached 4 lb. per square inch, then the 
difference of level of the water at dand ¢ will be rather 
more than a foot. But the steam formed in the legs f 
and g of the tubes D and E can only escape by de- 
— the level of the water in the division i 

ut against this depression there is opposed not on y 
the head due to the difference of level of the water in 
the divisions / and e, but also the pressure in the first 
compartment acting on the surface of the water at ¢. 
Thus by the time the water has been depressed in 
/ to the same level as d the tension of the vapour in 
the second pair of compartments is double that in 
the first. In the same way the pressure in the third 
pair of compartments is three times that in the first, 
and so on. 

If heat continues to be applied to the economiser 
the process we have been describing will go on 
until the vapour in the first compartment has 
attained sufficient tension to depress the water in 
the division d to the bottom of the mid-feather in 
the tube C, when the steam will pass under that 
mid-feather and bubble up the leg c. By this time 
the tension in the first compartment must be suf- 
ficient to counterbalance the head of water / c, and 
before steam can escape from the second compart- 
ment it must have a tension equivalent to a head 
2 /c, while in the third compartment it will have to 
be equal to ahead of 3/c, and so on. In the 
Saltaire economiser the head / ¢ appears to have been 
equivalent to about 441b. per square inch, and as 
80 tubes intervened between the central tube and 
the end, it follows that a pressure of 80 x 44=360 lb. 
per square inch would have to be attained in the 
central tube before the steam could escape from it, 
even if the economiser was left open at each end, 
With the tubes of the irregular thicknesses de- 
scribed in Mr. Waugh’s report, it is no wonder, 
therefore, that an explosion occurred, We have 
not taken any account of the frictional resistance 
to the flow of the water, because this would be quite 
unappreciable at the slow rate of flow caused by the 
generation of steam in the various compartments. 

It is somewhat singular that a source of danger 
so evident as that we have been describing was not 
foreseen when designing the Saltaire economiser ; 
but the fact that it evidently escaped notice clearly 
shows the necessity of directing public attention to 
the point. In all apparatus of the kind under con- 
sideration it is especially desirable to adopt such 
modes of construction as will prevent the accumu- 





lation at any point of either air or steam, and it is 


by no means difficult to do this, In a small econo- 
miser constructed on the plan of that at Saltaire, the 
action of the cumulative head of water might not 
give rise to a dangerous pressure in the central 
tubes, but in any case this accumulation of steam is 
undesirable, and is better avoided. In conclusion 
we may say that we fully endorse Mr. Waugh’s re- 
marks upon the course taken by Mr. Salt in giving 
full facilities for a thorough investigation of the 
Saltaire explosion. This course is worthy of wide 
imitation, and we can sg wish that it was followed 
in all cases by owners of boilers or economisers who 
may suffer from an explosion, 





THE IRON AND STEEL INSTITUTE. 

Ir is but eight years ago that the Iron and Steel 
Institute was established, but during those eight 
years it has had an almost unparalleled career of 
progress and success. It has numbered many of 
the most eminent men among its members, and in 
consequence of the high scientific character and 
practical value of its papers and discussions, and of 
the useful public work that it has done, it has be- 
come a power in the country and its influence is 
every day becoming more appreciated and felt, 

The annual meeting of the Iron and Steel In- 
stitute for 1877 commenced in London on Tuesday 
last, under the able presidency of Dr. C. W, Siemens, 
F.R.S. The first meeting was held at the West. 
minster Palace Hotel for the despatch of the usual 
routine business, such as the election of the officers 
for the ensuing year, the receiving of the Council's 
report, and for the consideration of general matters 
affecting the Institute, but of no special interest to 
the readers of this journal. We may say, however, 
that as far as its numerical strength is concerned 
the Institute continues to flourish and new members 
are continually enlisting in its ranks, 

On Wednesday the scientific business commenced 
at the Institution of Civil Engineers, which the 
President and Council of that Institution, as on 
former occasions, placed at the disposal of the In- 
stitute, and Dr. C. W. Siemens delivered his 

residential address, the first mes of which we pub. 
ish on another page. Anyt ing coming from Dr, 
Siemens is certain to command attention, and is 
always of great value and interest, for it is a very 
rare thing to find the qualities which constitute a 
leading scientific man and an eminent practical 
engineer united in one individual in so marked a 
manner, For this reason it would be difficult to 
find an institution in which such combination of 
qualities is so necessary in its President as the Iron 
and Steel Institute, ‘aeatien, as it does, with the 
greatest mechanical industries of the country on the 
one hand, and on the other with the most advanced 
problems in physical and chemical research, 

Beginning his address with the important subject 
of technical education, in which he pointed out some 
of the defects of the present English and Continental 
systems, Dr. Siemens touched upon the not less im- 
portant question of the relations between capital 
and labour, between the employer and employed, 
and showing how the mistakes of the foolish should 
be warnings to the wise, advocated the establishment 
of relations between employers and em loyed upon 
the basis of mutual interest. ‘ Capital,” he reminded 
his hearers, ‘‘has its duties to perform as well as 
its rights to maintain,” and wages ought to be 
so arranged as to make them payable in great 
measure upon results both as regards quality 
and quantity of work produced. No one will 
—— the soundness of this yoeseey § but will 
the trades unions consent to be guided it? It 
would no doubt be supported individual y by the 
better class of skilled workmen, but unfortunately 
the majorities who rule the trades unions do not 
belong to this superior class, and one of their objects 
is to prevent such labour from taking its true 
position and competing against their own. 

The next subject of which the President treated 
was that of fuel, and there is no one living who 
has done more by invention and research in the 
economising of fuel than Dr. Siemens, or one who 
is more competent to take a broad and scientific 
view of this important subject. It may appear 
somewhat startling at first sight to some of our 
readers to be given a definition of the word fuel 
which shall include the water power of rivers, the 
winding up of springs, or the driving power of wind- 

ills, as well as those carbonaceous matters which 
in their combustion yield the heat for working our 
furnaces and raising steam in our boilers, but Dr, 





Siemens gives as the widest definition of the word 
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fuel, ‘‘all potential force which we may call into re- 
quisition for effecting our purposes of heating and 
working the materials with which we have to deal ;” 
it thus becomes a name that will include not only 
all food for heat through the processes of combus- 
tion, but food for heat and therefore for potential 
energy in any form by which work may be done, 
The food we take into our bodies is fuel which, when 
converted into blood, is burnt in our lungs by slow 
oxidation, producing heat and muscular energy, and 
the products of combustion pass off as carbonic acid, 
so that the relationship between fuel and food is 
very close. The great principle, however, which 
links all forms of dynamical energy together and 
enables one definition to embrace them all under 
the word fuel, consists in the well-established fact 
that the great supply of energy available for our 
purposes has been, or is being, derived from the 
sun, The heat derived from coal, for instance, is 
attributable to the solar rays which in former ages 
poured upon the leaves of plants and forests, separat- 
ing their oxygen from their hydrogen and carbon and 
rendering the laiter available for recombustion. 
This same action is now going on all over the world 
in the formation of wood and peat and of all vege- 
table fuel. 

Again, it is the action of the solar rays evaporating 
the water of the ocean, and transporting it by aérial 
currents to the elevated portions of the land, where 
it falls in the form of rain or snow, that streams and 
rivers are formed, which, finding their way to the 
sea, give rise to available sources of power of vast 
aggregate amount. 

In reference to coal, at present the greatest source 
of mechanical energy in the world, it is pleasant to 
be told by so high an authority as Dr. Siemens, and 
backed by the Report of the Coal Commissioners, 
that, notwithstanding the many sensational panics of 
the last twenty years, there are still over ]44 thousand 
millions of tons of workable coal in this country, 
that at the present annual rate of consumption of 
132 millions of tons, it will last 1100 years, and 
that even after allowing an annual increase of con- 
sumption of 3} millions of tons, there is still a supply 
in Great Britain alone for the next 250 years. But 
long before that day comes there may be, and possibly 
will be, some far more perfect available sources of 
heat discovered, if not the storing up of the solar 
rays themselves. 

Considering the positions of the coalfields of Great 
Britain, the quality of the coal derived from them, 
and the insular position of the country rendering 
water communication both for inland and export 
delivery more available than elsewhere, Dr. Siemens 
considers that the contest for cheapness in supplying 
the markets of the world with iron and steel, must 
ultimately be decided in favour of this country, 
There is much sound common sense in this reason- 
ing, but it remains to be seen whether another 
element may not come into the calculation, and 
whether strikes by workmen and lockouts by em- 
ployers may not drive the trade from our shores, 
notwithstanding our natural advantages and geogra- 
phical position. 

Speaking of peat as coal still in process of forma- 
tion, Dr. Siemens pointed out that its greatest draw- 














back was just that which constituted its principal 
difference from coal, namely, the large percentage 
of water which it contains. ‘To get this out econo- 
mically a mine of wealth and lives of valuable time 
have been expended, but the cost of production of | 
fuel from it has always exceeded its market value. 
Compressing machinery requires energy or heat to | 
drive it, and the same heat might be more directly | 
applied to the peat for coking or fire-drying it. Or, | 
again, a still more direct application of heat would | 
be the making use of it in its semi-dried condition, 
and using it in larger quantities to compensate for its 
poorer calorific power. All artificial processes for 
drying peat must necessarily be costly, and unless 
excavated from land of extremely low rental, so that 
large areas of cut material may be spread out to be 
dried by the air or sun—a process which occupies 
a large space for a long time—it is difficult to see 
how it can ever compete with coal, except in peat 
countries which do not enjoy an easy communication 
with the coalfields, When peat is thoroughly 
dried, however, its calorific value, as Dr. Siemens 
pointed out, is quite equal to good coal, and it yields 
a very rich gas suitable for melting steel and for 
other metallurgical operations. 

Passing from the consideration of the solid to that 
of the gaseous sources of fuel, Dr. Siemens spoke of 





the gas wells of Pennsylvania, in some of which the 
supply of natural gas is on so enormous a scale that 





after discharging for three years as much gas as 
could escape into the atmosphere under a pressure 
of 200 lb. on the square inch, it has lately been 
carried by means of pipes, a distance of eighteen 
miles, to Pittsburgh, where it is utilised for heating 
70 puddling and reheating furnaces. 

In connexion with this subject Dr. Siemens re- 
peated a good suggestion he brought forward some 
years before, and that was to erect gas producers at 
the bottom of coal mines, conveying the gaseous fuel 
so produced by pipes to factories or domestic houses 
for heating purposes. The low specific gravity of 
coal gas would * at once its lifting and propelling 
power, the heavy solid fuel would have to be brought 
only to the producers, and the labour and cost of 
raising and carrying it to its destination would be 
saved. ‘This is an eminently practical idea, and we 
can only wonder that it has not been adopted long 
ago, if not for heating, at all events for illuminating 
purposes. A comparison of the physical properties 
of coal and of gas will show the economy of such a 
system, and it would go a long way towards the 
solution of one great problem of the coal question, 
namely, how to work and render of commercial value 
the coal seams of great depths. 

In times such as these of high prices of fuel, of 
great commercial depression, and of competition 
keener perhaps than at any former period of the 
world’s Listery, when engineers are apt to feel that 
the good old times of their great profession are ebb- 
ing away, and that its best ‘‘seams” are nearly 
worked out, Dr. Siemens’ address will be welcomed 
by eager minds, for it will set them thinking of 
new means of directing the forces of Nature to the 
use and convenience of man; and out of the very 
necessity caused by bad times, new inventions and 
new industries must arise. 

Pointing across the Atlantic to Niagara, Dr. Sie- 
mens reminds us of an inexhaustible unbroken 
mine of wealth—a vast store of potential energy 
running to waste—which could, if utilised, take the 
place of all the coalfields of the earth, The amount 
of water passing over the Falls of Niagara has been 
estimated at 100 millions of tons per hour, and it 
makes a perpendicular descent between lake and 
lake of 300 ft. The force represented by the prin- 
cipal fall alone amounts to 16,800,000 horse power, 
an amount which if it had to be produced by steam 
would involve the consumption of no less than 266 
million tons of coal per annum, taking the expendi- 
ture at 4 lb. of coal per horse power per hour. This 
enormous power is running to waste continually, 
and has been for centuries past, and Dr. Siemens 
points out that there would be no difficulty in uti- 
lising a large portion of it by means of turbines or 
other hydraulic motors. 

The power thus obtained could not be employed 
on the spot, which is far removed from centres of in- 
dustry, and has no local inducements for their estab- 
lishment. But power may be carried to a distance 
in many ways. Sir William Armstrong has shown 
that it may be conveyed by means of high-pressure 
water communication. In some places on the Conti- 
nent itis transferred to distances of two or three miles 
by means of quick-running wire ropes, which pass 
over large pulleys; but Dr. Siemens attaches great 
value to the electrical communication of power, 
The turbines or water wheels might well be em. 
ployed to drive a set of dynamo-electrical inductors, 
such as the Siemens or Gramme machines, and by 
means of large metallic conductors insulated and 
laid in the ground or carried upon poles, powerful 
electric currents might be transmitted to great dis- 
tances to actuate electro-magnetic engines, to illumi- 
nate towns and factories by the electric light, and to 
perform the electrolytic work of depositing or 
separating metals as in the industries of electro- 
plating and chemical manufacture. Dr. Siemens 
estimates that a rod or wire of copper 3 in, iu dia- 
meter would be capable of transmitting 1000 horse 
power to a distance of 30 miles, and would be 
capable of producting a light to equal 250,000 
normal candles, which would illuminate a moderately 
sized town. Besides these modes for the transmission 
of potential energy many others will suggest them- 
selves to engineers, and as necessities and peculiar 
circumstances arise no doubt new systems will 
reveal themselves. 

After a passing remark upon the force of the wind 
as a form of fuel in its widest sense, in which he 
considered that we may, on account of its un- 
certainty, ‘‘dismiss it from serious consideration 
until our stores of coal are well-nigh exhausted, by 
by which time our descendants may have discovered 
the means of collecting, storing, and utilising it in a 





manner entirely beyond our present conception,” 
Dr. Siemens passed on to the consideration of 
metallurgical processes, In his remarks he reviewed 
the history of the subject in this and other countries, 
and in fact to a very great extent necessarily went 
over the same ground as Mr. Bramwell did at the 
Royal Institution a fortnight ago. He spoke 
with enthusiasm of the enterprise of American 
ironmasters, and especially of that of Mr. A, 
L. Holley, of the North Chicago, Iron Works, 
whose name was received with great applause, 
and who had obtained under the Bessemer process 
as many as 73 blows at one pit in 24 hours. After 
referring to the method adopted at Creusét for 
cheapening the production of steel by the Bessemer 
process by transferring the pig metal in the 
molten condition direct from the blast furnace to 
the converter, and so saving the cost of remelting 
in the cupola, Dr. Siemens alluded to the history of 
the Siemens-Martin process, and to his own open- 
hearth system, which is becoming a very formidable 
rival to the Bessemer process, because it enables the 
most accurate tests to be taken the whole time the 
conversion is going on. 

A subject of great importance in the manufacture 
of steel is the behaviour of certain elements when 
in combination with iron as alloys; thus the metals 
tungsten and chromium form alloys with iron pos- 
sessing valuable physical and mechanical properties, 
and the influence of a variation in the proportions 
of carbon and silicon in steel, and of manganese 
and other substances in spiegeleisen, are so great 
as to render an accurate knowledge of the subject 
of the utmost importance to steel manufacturers, 
The latter question formed the subject of a va- 
luable paper read on Wednesday, by Mr. Edward 
Riley, F.C.S., and Dr. Siemens in his address 

strongly advocated the appointment of a committee 

of the Iron and Steel Institute for the careful inves. 
tigation of the compounds of iron with different 
alloys. 

The applications of steel are too well known to 
the readers of this journal for us to refer at any length 
to that portion of Dr, Siemens’ address bearing 
upon them, but in reference to the construction of 
ships, he reminded shipowners that ‘‘the use of a 
material superior in toughness and in strength pro- 

duces the double advantage of greater safety to life 
and property, and of an increase of carrying capa. 
city to the full amount of weight saved in the con- 

struction of the ship, and that it should be borne in 

mind that this additional weight of merchandise is 

carried without increasing the working expenses and 

power required to propel the ship, and may just 

suffice to strike the balance between working a vessel 

—- for long voyages at a fair profit or ata 

oss,” 

After referring to the unsatisfactory condition of 

the nomenclature of iron and steel, and to the efforts 

made by the International Committee at Phila- 

delphia to reduce this nomenclature to something 

like order, Dr. Siemens spoke of the various methods 

which have from time to time been adopted for the 

preservation of iron from oxidation, and referred to 

the very beautiful discovery of Professor Barff, 

which was described in these columns a fortnight 

ago, by which a film of magnetic oxide may be laid 

over the surface of iron by simply exposing it at a 
red heat to the action of superheated steam. 

Dr. Siemens concluded his most interesting and 

valuable address by a proposal which will find an 

appreciative response not only among the mem- 

bers of the Iron and Steel Institute, but by the 

members of all institutions which have for their 

object the advancement of applied science. Dr. 

Siemens’ proposal is that the Iron and Steel Insti- 

tute should ‘join efforts with kindred institutions 

for the erection of a joint building representing the 

applied science of the country as completely as Bur- 

lington House represents pure science,” and he 

suggests that the new building might accommodate 

the Institution of Civil Engineers, the Institution 

of Mechanical Engineers, the Institute of Naval 

Architects, the Society of Telegraph Engineers, and 

the Iron and Steel Institute. : 

Such a proposal is well worthy of the serious atten- 

tion and energetic carrying out of all who are in- 

terested in the objects of any of these institutions, 

and in the advancement of Applied Science. And 
as it is to Applied Science that Great Britain owes its 
wealth and its proud position among the nations of 
the earth, we hope that the new temple in her honour 
will be worthy of the benefits she has conferred upop 


this country. 





At the conclusion of the address, which was 
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received with great applause, Lord Frederick Ca- 
yendish pro d in an excellent speech a cordial 
vote of thanks to Dr. Siemens for his address, and 
predicting, amidst loud marks of approval, that in 
connexion with the great question of economy of 
fuel, and, therefore, of power, the name of Siemens 
would never be forgotten. . The vote of thanks was 
seconded by Mr. Bessemer, who in a cordial speech 
spoke of Dr. Siemens and himself as having for many 
years been running on parallel lines of rails in the 
same direction, but that though often very close 
together they had never yet come into collision, and 
he did not believed they ever should. 

Mr. G. T. Clark, the President of the Iron Trade 
Association, supported the vote, saying that a man 
who had shown the world, as Dr. Siemens had done, 
how to make one pound of coal do the work which 
it cost two pounds to do formerly was as great a 
benefactor to his race as the man by whose exertions 
the cost of bread had been reduced, 

Dr, Siemens, having briefly returned thanks, pro- 
ceeded to the first business on the programme of 
the day, which was to present the Bessemer medal 
to Dr. Percy in consideration of the great services 
he has rendered to the science of the metallurgy of 
iron and steel by the publication of his valuable work 
upon that subject. 

Dr. Percy, who was loudly cheered upon receiving 
the medal, attributed the success, and indeed the 
very existence of the book, to the cordial co- 
operation he met with on all sides from ironmasters 
and manufacturers. Without their aid, and that of 
many of his former pupils, who are holding honour- 
able positions all over the world, his ‘ Metallurgy 
of Iron and Steel” could never have been produced. 
But while feeling that the highest reward a man can 
hope for his labours is the approval of his fellow 
men, no one could be more sensible of its many 
defects than he was; but he hoped before long to 
be able to offer to the Institutiom another edition 
which would be more worthy of their perusal. 
Since the work was published he had had great 
calls upon his time and also had the metallurgy of 
other metals besides iron to engage his attention. 
He was now approaching the completion of a large 
work upon the “ Metallurgy of Silver,” which had 
given him perhaps greater trouble even than ‘Iron 
and Steel.” Dr. Percy most emphatically endorsed 
the views of the President, so ably expressed in his 
address, with reference to the School of Mines, and 
to technical education in general, and his own feeling 
was that technical education should be as widely 
distributed as possible, by its establishment in local 
centres in all the manufacturing districts of the 
country. 7 

M. Gautier, of Paris, then read a paper upon 
“ Solid Steel Castings,” which we shall publish in 
our next issue. 

A letter was read by the secretary from Mr, 
F. W. Webb, of Crewe, containing a few notes of 
his experience of the employment of steel for boilers, 
showing most satisfactory results. 

Mr. Edward Riley, F.C.S., read a valuable paper 
upon the ‘‘ Estimation of Manganese and Iron in 
Tron Ores and Spiegeleisen.” A discussion fol- 
lowed upon M. Gautier’s and Mr. Riley’s papers 
indiscriminately, in which the President, Mr. 
Bessemer, Mr. Samuelson, Mr. Holley, Mr. Snelus, 
Mr. Stead, Mr. Hatfield, Mr. Adamson, and Mr. 
Maynard took part. 

Mr. Samuelson, referring in very high terms to 
the inaugural address of the President, proposed a 
resolution which was seconded by Mr. Menelaus 
and supported by Mr. Bolckow, and carried unani- 
mously, to the effect that steps should be at once 
taken to carry out the suggestions of Dr. Siemens 
with regard to the Institute joining with similar 
institutions for the purpose of erecting a joint build- 
ing in which to hold their meetings. 

On Thursday the following papers were read: 
Mr, Isaac Lowthian Bell ‘‘ On the Separation of 
Carbon, Silicon, Sulphur, and Phosphorus in the 
Refining and Puddling Furnace and in the Bessemer 
Converter ;” Captain Austin on his “ Experiments 
upon the Corrosion of Steel;” Mr. Henry Kirk 
“On Revolving Puddling Furnaces ;” and Mr. 
John Howson ‘ On the Welding of Iron,” and the 
discussion on M. Gautier’s paper was concluded. 

After the adjournment for luncheon a discussion 
took place aon Mr, Kirk and Mr. Howson’s papers, 
in which Mr. Head, Mr, Riley, Dr. Percy, Mr. 
Snelus, Mr. Jones, Mr. Hopkins, Mr. Farnworth, 
Mr. Maynard, Mr. Price (of Woolwich Arsenal), 
Mr, T. R. Crampton, M. Deby, and Mr. Bolckow, 
took part. Mr, Kirk then replied, and (Mr, Howson 








not having any remarks to make) the President 
closed the discussion by a vote of thanks to both 
authors for their papers. 

M. Henry Simon read a paper on “‘ Chandron’s 
Method of Shaft Sinking through Water-bearing 
Upper Strata,” and a vote of thanks to the author 
was carried for his paper, the discussion upon which 
was adjourned until the next meeting to be held at 
Newcastle. . 

After a cordial vote of thanks to the President 
and Council of the Institution of Civil Engineers 
for their courtesy in giving to the Institution tlie use 
of their rooms, a vote of thanks to Dr. Siemens 
for presiding was moved by Mr. Williams, and 
carried by acclamation, and the President, having ac- 
knowledged his thanks, adjourned the meeting till 
the autumn. 





NOTES FROM THE NORTH. 
GLasaow, Wednesday. 

Glasgow Pig-Iron Market.—There was a firm market 
on Thursday forenoon, and a good business was done in 
warrants at 54s. cash, also at 54s. fourteen days to 54s. 1}d. 
one month fixed, closing with buyers at 54s. cash, and 
54s. 13d. one month, sellers asking 1d. per ton more. 
The market continued firm in the afternoon, with business 
done at 54s. 14d. one month fixed, sellers over at the close, 
and buyers offering 54s. Coltness No. 1 was reduced 1s. 
per ton by the makers. The market opened firm on Friday 
morning on the announcemeut that Messrs. William Baird 
and Co. had advanced the selling price of their Gartsherrie 
and Eglinton brands 1s. per ton. A rise of 8d. took place, 
but ultimately 2d. was lost. Prices, however, closed for the 
week 2d. above the closing quotations of the preceding 
Friday. Business opened in the forenoon at 54s. 4d., an 
advance of 3d., and improved to 54s. 8d. cash, and from 
54s. 5d. to 54s. 10}d. one month. Prices receded in the after- 
noon to 54s. 6d. cash, and 54s.7}d. one month, closing weakly 
with sellers at the latter prices. The warrant market was 
backward on Monday, and the improvement made on 
Friday was more than lost. The decline amounted to 7}d. 
per ton, but prices at the close were still 44d. per ton above 
the lowest paid last week. Business was done in the forenoon 
at 54s. 43d. to 54s. 3d. cash, and 54s. 6d. tu 54s. 3d. one 
month, closing buyers at the lower quotation. Prices 
again receded in the afternoon from 54s. 3d. to 53s. 104d. 
cash, and 54s. one month. The market closed—sellers 
54s. one month, and 53s. 10$d. cash. Yesterday’s warrant 
opened at a fall of 3d. per ton, but by the afternoon that 
was recovered, andthe market closed as on the previous 
day. Inthe forenoon business was done at 53s. 7}d. to 
57s. 9d. cash, and at 53s. 9d. to 53s. 10)d. one month, 
closing—buyers those prices, sellers 14d. per ton more. 
In the afternoon, 53s. 10}d. cash, and 54s. one month were 
paid, and the market closed rather sellers at those prices. 
There was a steady market this forenoon, with a g 
business done at 54s. cash and one month open, closing 
bayers at the latter, sellers at the same price prompt 
cash. No business was reported in the afternoon, but there 
was a steady market at the forenoon prices. Iron is now at 
an exceptionally low price, and the change in the market to- 
wards the end of last week abundantly indicates that very 
little is required in order to give it a healthy and expanding 
tone. Shipping iron has lately been in much better re- 
quest at the lower prices to have been current. It would 
almost seem from the recent change in the state of the 
Glasgow pig-iron market, that a large amount of business 
is purposely kept back, which only requires a more spirited 
market to leier forward. The tendency is always to hold 
off when markets are dull. A considerable quantity of 
iron was delivered into store last week, and the total stock 
with Messrs. Connal and Co. up till Friday evening was 
127,931 tons, showing an increase for the week of 1162 
tons. There is no alteration to report in the number of 
blast furnaces in operation, the total still being 119, the 
same as at this time last year. Last week’s shipments 
amounted to 7280 tons as against 7648 tons for the cor- 
responding week of last year. 


Progress of the Pay Bridge.—On Saturday last one of 
the 145 ft. spans of the Tay Bridge was floated out and 
placed on piers in the south side gap. Five large and five 
small girders, of a total length of 1950 ft., remain now to be 
placed. 


The Ferrie Blast Furnaces.—At the sixth ordinary 
general meeting of the Monkland Iron and Coal Company, 
which was held in Glasgow yesterday, the chairman re- 
marked that a good deal has been said about the expense 
of reconstructing their blast furnaces and adapting them 
to Mr. Ferrie’s patent system. A good deal of doubt had 
also been expressed on wg Be eee as to whether the 
money of the shareholders had been well employed. Mr. 
Ferrie’s estimate of the result of the conversion of six 
out of the nine furnaces ewned by the company was that the 
saving of coal on the make of pig iron for 1876 had been 
46,800 tons, which, at 6s. per ton, amounted to 14,4301. 
and the saving in dross amounted to 97501. The total 
amount due to the saving of fuel by the conversion of the six 
furnaces was thus 24,1841.; and over and above that in 
the malleable department, the fact that they now used no 
dross had enabled Mr. Ferrie, by an alteration in the pud- 
dling furnaces, to puddle with dross instead of with round 
coal, which represented upon the make something over 
15001. a year. 

Clyde Shipbuilders’ Wages.—In answer to a request 
lately made by the ship carpenters on the Clyde for an 
increase of wages to the extent of 1d. per hour, the em- 
ployers have replied to the effect that they cannot concede 
the advance. ‘The reply was considered at a meeting of the 








carpenters held at Govan on Monday night, when it was 
; to adhere to the request, and to allow employers 

to-morrow (Thursday) to reconsider the matter. The 
operatives will then come to a final decision ac the . 
subject. The ship joiners have sent in a request for an 
advance of jd. per hour. Their wages at present are 7}d. 
and 7id. per hour. No reply has yet been received from 
the employers, and a meeting is to be held this week to 
consider what should be done. What with the requests for 
advances of wages from the carpenters, joiners, caulkers, 
rivetters, and ironworkers, the employers seem to be rather 
severely pressed, and it would almost seem as if they were 
inclined to resist all demands. 


Institution of Engineers and Shipbuilders.—An ordinary 
meeting of this body was held last night, Mr. Eben. 
Kemp, vice-president, is the chair. An elaborate and 
yf fully illustrated paper was read by Mr. Ernest Bene- 
dict, Memb.{Inst. C.E., on ‘‘ Metal Sleepers for Railways.” 
Professor James Thomson, C.E., LL.D., also had a com- 
munication to the Institution on ‘‘ Improvements in the 
aes of Railway Curves.’’ Both papers led to interest- 
ing discussions. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday, 

The Proposed Amalgamation of the Great Northern and 
Great Eastern. — Much interest is being manifested 
throughout this district in the proposals which have been 
put forward as to the amalgamation of the Great Northern 
and Great Eastern systems, inasmuch as the success of 
any such scheme might be of the utmost importance to the 
local coalowners. Should the plan be carried out it would 
probably furnish an exceedingly strong argument for thé 
construction of the op se new and independent line from 
Doncaster or Lincoln to London, as by the withdrawal of 
the Great Eastern there would no longer be any real com- 
petition with the Great Northern. 


William Jessop and Sons (Limited).—The first annual 
report of the directors of this company states the gross . 
profit of the year has been 26,262l., out of which there 
remains available a balance Pr te a dividend at the rate 
of 5 per cent. The Park and Soho Works have been closed 
during the year, and the whole of the plant and business 
concentrated at Brightside. The whole of the buildings, 
machinery, &c., have been maintained in a thorough state 
of repair. 

Reduction in the Price of Sheffield Gas.—The indoor 
committee of the directors of the Sheffield Gas Company 
have decided to recommend the Board to reduce the price 
tae by 2d. per 1000 ft. to all classes of consumers from 
July 1st next. This will bring down the scale for small 
consumers to 2s. 1ld. and large consumers to 2s. 8d. per 
1000 ft., and with the reduction made last summer save the 
corporation over 10001. per annum in the charges for 
lighting the public lamps. 

Coal Rates from South Yorkshire to London.—OQn 
Friday last an influential deputation appointed by a meet- 
ing held in Barnsley on the previous Wednesday, waited on 
the Board of the Great Northern Railway Company at 
King’s Cross, on the subject of the coal rates from South 
Yorkshire to London. These rates, now 8s. 3d. per ton, 
were represented to be too high to enable these coalowners 
to compete successfully with the seaborne coal, and it was 
asked that they should be at once reduced by at least 
1s. 6d. per ton. It was shown that the high charges now 
in force operated to the disadvantage of the Great 
Northern itself. The Board promised the matter their 
most serious consideration. 


The Sinkings at Marchay Oolliery,—Last week the 
sinkers employed at the new colliery of Messrs. Ford and 
Mont, at Marchay, reached a seam of coal 4ft.4}in. in 
thickness at a depth of 228 yards. Only one shaft is at 
present down to this —_ but a second is in course of 
construction, so that when the colliery gets in working 
order, the daily output will be from 600 to 800 tons. The 
-_ is of good quality and suitable for furnaces or 
coking. 


New Boring my pees in a Lead Mine.—Last week a 
trial was made of a new boring machine at the Magpie 
Lead Mine, near Bakewell. .During the past four years 
an adit level has been driven from ‘Ashford Dale to a 
length of 800 yards, and there still remains about the same 
distance to bring the level to the existing workings. The 
new machine is worked by compressed air, supplied by a 
steam engine and a turbine wheel. On being put to the 
face of the rock, which is a hard flinty substance, it proved 
fully equal to the expectations which been formed of it, 
and by drilling one inch per minute will accomplish in about 
nine months as much as the hand-boring would do in four 
years. 








Fatmoutu.—Steps will shortly be taken by the Fal- 
mouth Sewerage Board to carry out the recommendations of 
Mr. Ellis, C.E., with regard to the ventilation of sewers and 
charcoal filters, and for the draining of four houses in 
Market Strand, where much Comege has been caused by 
floods at the time of high tides and heavy rainfalls. 


Tae Surz Canau—In the first ten days of March, 51 
ships passed through the SuezCanal, The transit revenue 
colle by the Suez Canal Company in the same period 
amounted to 41,200/. The company will inaugurate next 
month its fresh water canal between the Nile at Cairo and 
Lake Timsah, on the Maritime Canal, midway between 


Suez and Port Said. This Canal was ori y of small 
dimensions, and was intended principally to supply the 
establishments on the ship with fresh water, but it 


has now been considerably enlarged, and it has been made 
navigable for small ves ; 





















































































236 





ENGINEERING. 





(Marcu 23, 1877, 





EYRE’S SCREW PROPELLER. 

WE annex vings showing a neat form of feather- 
ing screw propeller which has been designed and patented 
by Mr. H. 8. Eyre, of 9, Cireus-road, St. John’s Wood, 
our illustrations representing the arrangement as applied 
to a three-bladed screw. In our engravings Fig. 1 is a 
longitudinal vertical section (taken in the line AB of 
Fig. 8); Fig. 2 is a sectional plan of the same taken in 
the line C D of Fig. 3; Fig. 3 is a transverse vertical 
section taken in the line E F of Fig1. In these views 
aaa are the blades; 665 their roots, each having formed 
in it a recess c, at each side of which there is a flat part 
or plane d; ¢ are racks or sliding plates, one in gear with 
each blade root; / is a crosshead or plate connected to 
each of the racks or sliding pieces e by nuts, as shown ; 
g is the shaft for giving the necessary motion to the racks 
and crosshead for simultaneously altering the blades. 
This shaft passes through the hollow part of the propeller 
shaft 4, and has formed upon a portion of its length a 
screw i passing through a correspondingly screwed hole 
in the crosshead or plate /, so that when the shaft g is 
turned its screw will cause the crosshead and the racks 
to be moved backward or forward, according to the direc- 
tion in which the shaft is turned; 7 is a disc formed on 
the inner end of the shaft g, this disc, which prevents 
any end movement of the shaft, having holes formed in 
its periphery to receive the end of a bar or other instru- 
ment for turning the shaft g. 

In the arrangement shown by the engravings the con- 
nexion between the hollow shaft A and the main screw 
shaft is rather weak, but this is a detail which can 
readily be set right. It will be understood that by turn- 
ing the shaft g within the shaft A the racks e are moved 
inwards or outwards according to the direction of the 
motion, and the blades of the propeller thus turned 
through the desired angle. At each end of the traverses 
of the racks the screw blades are locked by the flat planes 
formed on their roots taking a bearing inthe correspond- 
ing planes on the racks, a very solid stop being thus 
formed. Altogether the arrangement has many good 
points and we hope to see it tested in practice. 








REPORT UPON THE EXPLODED ECONO- 
MISER AT SALTAIRE. 

We subjoin a report just made by Mr. J. Waugh, the 
engineer the Yorkshire Boiler Insurance Company, 
upon an explosion of an economiser which recently 
oceurred at Saltaire. The subject is an important one, 
and we have commented upon it in an article on page 233 
of our present number. Mr. Waugh’s report is as follows : 

To the Chairman and Directors of the Yorkshire Boiler 

Insurance ee ’ 

Gentlemen,—I have examined the exploded economiser 
at Saltaire, with a view to ascertain the cause, and beg to 
report as follows : 

The economiser was constructed on the continuous 
circulating system, and designed and — by Mr. 
Charles Holt, consulting engineer, Huddersfield and Man- 
chester. The construction of the economiser will be best 
unders by reference to the sketches accompanying this 
report. There were twenty-three sections or boxes 10 ft. 
long by 12in. deep, subdivided into seven compartments. 
To the bottom of each box were secured seven pipes 10 ft. 
long by 7 in. in diameter, each having a partition down the 
centre to within about 7in. off the bottom of the pipe, 
which latter was stopped by a cap secured by a bolt. 

The whole of these boxes formed the top part of the 
economiser, the pipes were suspended vertically, and occupied 
nearly the whole of the economiser chamber ; the boxes 
were connected the one to the other at each end by a bent 


PT he mountings were as follows: One escape valve, two 
sluice valves, and the safety valve 4 in. in diameter. 

The inlet, 5 in. in diameter, was furthest from the boilers, 
the outlet, also 5 in. in diameter, was at the end nearest to 
the boilers. 

The feed was supplied by a 10-in. ram pump, Roving 6 
stroke of 2lin.; when the economiser was working the 
water was thus forced into the first subdivision of one of 
the boxes down one side of the first pipe and up the other 
into the second subdivision of the box, down one side and 
up the other of the second pipe, and so on to the seventh, 
when by means of the connecting pipe at the end of the box 
it passed into the second box, so on to the outlet, 
— <4 travelled the almost incredible distance of 1150 


8. 

This continuous system of circulation is a great con- 
sideration in utilising the waste heat from boilers, as every 
particle of water must be exposed to such heat for the 
entire length of the circulation. This system, when con- 
stantly at work, and the water passed throngh below the 
temperature of boiling point, there is no denger nor yet any 
inconvenience, with the exception of extra force required to 
feed consequent upon the extra friction. 

Thus it will be seen that the economiser was constructed 
and worked on a principle at variance with that of the 
Green type, in which the heated water can rise from the 
bottom box up one of the pipes into the top box, and 
pass away to the boilers, or in the event of the boiler feed 
valve being shut and steam given off, out at the safety 
valve, which is in this construction in immediate connexion 


with the pipes. 

A rupture of one of the pipes took place on the Friday 
previous to the day of the explosion, and caused the 
stop) of the economiser. During this time nearly the 
whole of the heat was passing a rom a stack of eight 
boilers, and coming in contact with the 161 pipes of the 
economiser ; was a bye-pass flue to the left of the 
direct passage through the economizer chamber, and the 
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damper was open, but the direct entrance to the chamber 
was not provided with a damper. 
Owing to the absence of a bottom box, as in the Green 
type, to empty the economiser with a view to renew the 
broken pipes, it was necessary to boil all the water away. 
At such times the weight was taken off the safety valve, 
and even the lever tied up, leaving only the weight of the 
valve to resist the pressure. The inlet pipe was disconnected, 
so that the economiser was virtually open at both ends. 
Now what was taking place immediately before the ex- 
plosion, and under the above circumstances generally? Steam 
was being generated, particularly let us take the centre 
box with its seven depending pipes ; in the fourth or centre 
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pipe ebullition was going on, rising up the left-hand 
ivision of pipes into the sub-division of box; this force 
would have passed on down the right-hand division of the 
third pipe, but the same ebullition was going on in this 
division, consequently these two forces amalgamated at the 
top ; this accumulation of force was going on!in the whole 
of this box ; and, indeed, in the whole of the boxes forming 
the centre of the economiser, for in this locality (the eleven 
centre sections of boxes) the explosion occurred. Imagine 
then a force of pressure gradually gathering in this portion 
of the economiser with no forced circulation going on ; it 
must move, where is its outlet? 500 yards in one direction 
or the other. Can this pent up force through this 
distance of water with more or less ebullition going on in 
the one-half of each pipe, in acontrary direction? Clearly 
it could not, the water in the pipes offering a greater 
resistance than the castings, and the pressure having found 
the weakest place in the economiser, the explosion took 
place, causing the complete wreck of the economiser an 
its covering. 

The theory was that a stoppage had occurred to the —_ 
and left of the centre of the economiser, thus cutting off the 





EYRE’S SCREW PROPELLER. 


a 


| MMM 
Will HMMM ML 






Cs A QQ 55555 y 


SSS 








Lh 
blll tht, 
Ys we «OO poe 


<8 Uy 
bi alate 


D4; 
ddd ag i ds 
F3 


Veccds - ji, 


pe 


4 


ESS SOMA 



















SSg 








SSSSSNSESSS 






at the other, but this view is not sustained, for in carefully 
examining the whole of the pipes no such stoppage has been 
discovered, and in my opinion it was unnecessary to dis- 
cover such stoppage in order to account for the explosion. 

The pipes have been found on examination irregular in 
their thickness, varying from ;'; in. to }in., the boxes were 
of very strong section, the strong beams over the economiser 
carried stone landings 8 in. thick forming the roof—these 
were all lifted and broken. Fortunately no one was killed, 
and the damage was confined to the total wreck of the 
economiser, its immediate surroundings, and the breaking 
of many of the mill windows. This result shows clearly 
the advisability of placing, as in this case, the boiler 
and economiser in such a position that in the event of 
accident there is a clear course for the débris. 

I would strongly advise that economisers of this con- 
struction should be provided with several safety valves in 
order to allow the escape of any accumulated pressure at 
more frequent intervals. 

Although this explosion resulted in no loss of life, Mr. 
Salt was very anxious that an investigation should be 
made and the results published. If this mode was more 
pred adopted and, indeed, made compulsory by the 

gislature, the number of explosions with all their con- 
sequent evils would be considerably reduced. 

Yours obediently, 

March 12, 1877. JoHN WauauH, Engineer. 

Omana.—Gold and silver passed through Omaha, 
Nebraska, last year, to the aggregate value of upwards 
of 60,000,000 dois. 


MAIpsTONE DRAINAGE.—On Saturday last, March 17th, 
the first sod of the Maidstone Drainage Works was turned 
at the Medway outfall, below Allington Lock, by Mr. 
Lewis Angell, the engineer of the works. The first con- 
tract, for main sewers, is taken by Messrs. James Neave 
and Sons, and the estimated cost of the works is 30,0001. 














Steam on TramMways.—The Select Committee of the 
House of Commons on tramways (use of mechanical power) 
have set te work in earnest, and have not only called 
before them witnesses of the highest standing in the 
agentes and collateral professions, but have also visited 
a way on which a steam locomotive has been running. 
The route selected for these interesting experiments was 
that section of the North Metropolitan > 
pany’s system which lies between Stratford and Leyton- 
stone, and the machine exhibited was the well-known 
‘* Merryweather” steam tram engine, many of which type 
have been working the traffic on lines in Paris for 
several months past, and with the most satisfactory result. 
The members of the Committee present on gg J and 
Saturday last were Mr. T. Salt (chairman), Mr. Floyer, 
Mr. T. W. Evans, Mr. Cotes, Mr. B. Samuelson, Mr. 
Hick, Major Beaumont, R.E., Mr. McLagan, Mr. Corry, 
&c., and besides these gentlemen were Lord Elphinstone, 
Major General Anderson, C.B., Colonel Smith, Mr. G. P. 
Harding of Paris, Mr. Patteson, secretary, Edinburgh 
street tramways, M. J. C. Merryweather, Mr. H. Merry- 
weather, &c. The run was most successfully performed, 
though the capacity of the engine was severly tested, 

rticularly in passing over the railway bridge at Mary- 
land Point, where there is not only a very sharp curve, but 
also a steep gradient of 1 in 27. ‘here can be no question 
but that this practical illustration of the use of mechanical 
power on tramways will have great weight with the 
Committee in arri at a decision which in the interest of 
the general pablic # is hoped will be favourable. The 
Continent has already taken the lead in this matter, and 


d| we were informed that Messrs. Merryweather are at the 


present time executing contracts for tramways at Barcelona 
and Cassel, which latter line is under the special patronage 
of His Imperial Highness the Crown Prince of Germany, 





connexion with the safety velve at one end and the open pipe 


through part of whose estate it runs. 
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ON WELDING.* 


By Mr. Ricnarp Howson, Middlesbrough. 

In the which I had the honour to read at the last 
meeti ott is Institution, I endeavoured to show that the 
rationale of welding, although it might be esteemed trivial 
in itself, had really a very by mayo a the subject 

muddling, especi a xen | mac ry on a large 
~ e. In the wwe hn which followed, some criticisms 
fell from members, which induce me to claim the in- 
dulgence of the meeting for a few additional remarks, in 
order more clearly to elucidate the views then brought 


forward. ‘ . 
I drew attention on that occasion to the fact that the 
poe of manufacturing wrought iron was, from beginni 
en 


d, a process of welding, whether it is effected by succes- | i 


sive doubling, or whether the so-called homogeneous process 
is adopted. k pane 

In both cases it was maintained that the presence 
of silica, or some equivalent flux, was an advantage in 
the whole series of operations, in the same manner that 
it is of use in uniting two pieces of iron in a smith’s forge. 

Mr. Bell took the ground, which others have also done, 
that a flux is not necessary. He instanced in the first place 
the case of platinum, which unites of itself at a certain 
temperature, by pure metallic contact. Now nothing could 
better confirm the view which I then took than this 
example. Platinum is an unoxidisable metal, and, con- 

uently, during the process of heating, no film of oxide 
is formed on its surface to interfere with its proper union. 
Where there is nothing present which requires fluxing, a 
flux would be quite superfluous. Iron, on the contrary, is 
a highly oxidisable metal, and its oxide, in common 
with those of all metals, is of a very refractory character 
when pure, although its affinities are such that a very 
small addition of silica imparts to it com tive fusibility. 

This leads to the second remark of . Bell, that it is 
not necessary in welding to add any flux, that iron in fact 
can be welded without the use of sand. In reference to this 
observation I can only refer to my former remarks, the 
whole course of which distinctly implied that the outer skin 
of wrought iron and the interstices between its fibres con- 
sisted of cinder (where cinder was present), which was not 
a pure oxide but a basic silicate, which is equivalent to 
saying that it carried its own flux. In all the processes of 
manufacturing finished iron by piling, it is certain that no 
flux is added, but this is because sufficient is already 
present, being derived from the silicon contained in the pig 
iron, and from the silica and phosphoric acid which are 
always more or less mixed with the fettling of the puddling 
furnace. If I dwelt at unnecessary length on the frequent 
use of sand in the operations of forging, it was only for the 
purpose of illustrating the utility of that material, and 
tracing its mode of action in the larger operations of 
puddling, hammering, and rolling. 

Referring now to the case of platinum, it follows that if 
cast steel, or any other metal which has been fused and 
contains no cinder, can be preserved from oxidation during 
the process of heating, that is to say, if the surfaces to be 
united can be made to come together in a perfectly clean 
state, a sound weld ought to be obtained, and the addition 
of a flux would be not only superfluous, but injurious. It 
is known that two surfaces of a soft metal, such as lead, 
may be united even cold in this manner. In: the case of 
cast steel, where heat is required, the following experiment 
is conclusive: ‘Two pieces of cast steel were planed and 
filed each on one face perfectly flat and true. The two 
clean surfaces were then placed on one another ; the pieces 
were bound together with soft iron wire, and the edges 
luted round with fireclay to prevent the entrance of air. 
After being brought in a smith’s fire to a sub-white heat, 
the two were united with half a dozen blows of a sledge 
hammer. The weld is perfect—so thorough, indeed, that 
it cannot be detected when broken through. Its course can 
only be guessed at by following the indications on the rough 
outside edges. 

We have here an instance of union exactly parallel to 
that of platinum, by unalloyed-metallic contact. On the 
other hand, in order to exhibit the influence of an inter- 
vening refractory oxide, the following experiment was 
tried: Two pieces of cast steel were prepared by planing 
and filing exactly as before, but the two level surfaces were 
painted with a thin film of jeweller’s rouge, which is a 
tolerably pure form of ide of iron. A small well was 
als dri in a e of one plese, which was es 

@ same rouge. @ same process of binding, luting, 
heating, and | HE was then carried out, and the 
result is a bad weld, or rather no weld at all.t 

On splitting open the two faces, which was readily done 
with a chisel, and gy vey deny condition, the oxide in 
the well app rs to have imperfectly f » while 
there are indications that the thin has become partially 


reduced to the state of wrought iron by the action of the | by 


carbon in the steel, the oxygen no doubt escaping. How- 
ever this may be, the experiment affords an exact parallel 
to what takes place when the attempt is made to weld two 
Pieces of cast steel, by heating them separately in a fire 
without any flux. In the latter case, the oxide formed by 
the action of the blast would be quite as pure as the ro 
which in the experiment was applied artificially, it would 
be equally refractory, and there would be more of it. The 
utility of a flux is here self-evident, and need not be dwelt 
on further. In the case of wrought iron, as already ex- 
ined, there is not the same necessity for its employment, 
as it is y present in sufficient quantity, unless the 
iron is of an unusually dense character. 
erring now ‘shortly to the subject of machine pud- 


* Paper read before the Iron and Steel Institute. 
+ Iam indebted to Mr. Newcomb, the secretary of the 
_ Iron Trade Foremen’s Association for his great 
care skill in manipulating these tests, which may be 





hly relied on. 





‘oregoing conclusions. The more ed 
leave to abler hands. 

The most suitable lining for a revolving furnace, in fact 
the only admissible one, so far as is known at present, is 
the t oxide of iron that can be procured. It is, in- 
ea ag ekg nia ing to find oie rae i —_ 

in i so many properties, an no su’ 

stance is capable of ing it in its chemical adaptation 
for eliminating all the impurities of pig iron. It is, how- 
ever, highly refractory, and this refractoriness, although 
an advantage in one respect, acts unfa' 
final result. In charging the furnace, a small quantity of 
impure silicious cinder is my: | thrown in, so as to assist 
ao poceiesing & partie Cate fusibility, and enable the 
iron to revolve in a liquid bath ; but it is generally con- 
sidered that, the purer the cinder, the better is the puddled 
—- Hence comes the practice of applying an intense 

eat, by which means alone a sufficient liquefaction of the 
fettling is procured in order to do its work effectively. The 


oy , I propose only to consider it strictly in its relation to 
_ chemistry of 


consequence of this is that, although the iron may be| of 


thoroughly puddled when the heat is finished, the ball con- 
tains a cinder which, being comparatively infusible, sets 
readily on exposure to the cold atmosphere. I have before 
pointed out that shingling a puddled ball is 2 
P pall will not shizgle satisfactorily, eopsoisly it of large 
a ill not shingle sati ily, i if 0! 
size, unless its contained cinder a certain d of 
liquidity. In order to procure a fine quality of iron, a 
pure fettling is mr oy , and the heat is up to a 
— which rapidly destroys the furnace, while it often 
ppens, that when the ball comes to the hammer, it drops 
in pieces in rome 4 were of the setting of the cinder before 
it can be squeezed together. 

It is true that the same untoward event will sometimes 
occur in ordinary puddling, but this is on a smaller scale, 
and the puddler usually takes care of his heat, which does 
not affect his furnace injuriously to any t extent ; be- 
sides which, if it did, one furnace spoilt, he would ask for 
another, which he sometimes does. The destructive action 
of a high temperature on the revolving furnace is also ac- 
companied by another evil, viz., an excessive and costly 
consumption of fettling, owing to the entire inner circum- 
ference being exposed to flame. 

These are some of the difficulties of machine puddling, 
but I believe they are the only really formidable difficulties. 
The common process of $5 ing has been established by 
long usage, but we should not forget that its introduction 
also was beset with many troubles.. We have only to 
glance over the abstracts of patents, from the period when 
sand bottoms were used up to the present, to note the 
variety of schemes which have been attempted to improve 
it. Among these inventions there is one class which I 
would here refer to, as it is kindred to the subject in hand, 
viz., that of chemical mixtures, commonly called physic. 
On examining this long series of specifications of Coastinen 
applicable to puddling, almost every element will be found 
named, and innumerable combinations, supposed by the 
patentees (as it is usually expressed) to pi the iron. 
—_ of these nostrums are absurd enough ; o are of 
problematical value. There are, however, doubtless, a 
great number which are more or less useful, but, with the 
exception of those which are intended to give the iron a 
steely nature, it may a whether any of them 
act chemically on the m to improve its qualit ro meng 
that which the fettling alone can effect without admix: ure. 
Their utility probably consists simply in this, that they 
assist in imparting that fluidity to the cinder which is so 
essential in giving soundness to the hamm: bloom. 

According to the instructions — specified in these 
inventions, the proper time for | e physic seems to 
be towards the end of the process, and there is good reason 
for this, because if it were applied 7 it would tend to 
scour the fettling, whereas, if applied late, it unites at 
once with the cinder which is ghastly melted, a t part 
of which will be carried away by the puddled balls. It isa 
question whether the adoption of this method of working 
in revolving furnaces would not enable the"excessive heat to 
be somewhat moderated. A f of sand thrown in 
just at the Faye when the iron is ready to ball up, always 

ilitates the shingling process, and tends to produce a 
solid bloom, without affecting the iron, so far as I am aware, 
injuriously. 

reference, therefore, to the horror usually expressed 

at the mention of sand in the puddling furnace, it ought 
to be distinctly understood that it is only objectionable in 
the process for the very same reason that it is beneficial 
in the ball, viz., that it otes fusibility. In the former 
case, it acts destructively on the lining, and in the latter, 
it facilitates the union of the particles of iron. If it be sup- 
posed that the metal itself suffers detriment from its pre- 
sence, the two following experiments, communicated to me 
Mr. Stead (of the firm of Pattinson and Stead), and 
su; originally, I believe, by Mr. Williams 
the contrary. cs ee 

A small quantity of Cleveland pig, accompanied'with somo 
cinder, was poured in a liquid state into a hot crucible; 
a cover was then put on crucible, and the whole was 
shaken up viene for a quarter of a minute. 

No. 1 experiment, the cinder consisted of mill tap alone. 
Tn No. 2, it consisted of 80 per cent. mill tap 20 per 
cent. sand. The analysis of the metal after each operation 
was as follows : 


No. Bos No. a 

cen cent. 
Silicon ... io ie eo trace. trace. 
Phosp o- 0.18 0.04 


It a that in eliminating the phosphorus, where the 
real Be date entsais chiceatitammel 
was present. It here be noted that the wonderful 
ehort time in which elimination was effected from pig 
containing not less than 1.25 per cent. of phosphorus, con- 


int may be considered established. Whether it will be 
‘ound expedient to work in masses of extremely large di- 
mensions, or not, is a question which only the construction 
costly machinery can decide. 





FOREIGN AND COLONIAL NOTES, 


Brazil and the United States.—A movement has been on 
foot for some months for the establishment of a direct line 
trading vessels between New York and Brazil. The 
enterprise is in charge of Mr. J. Landesman, of New York 
| hr establishing a steam line between England 

New Zealand Ooal.—The ys gage Ly -Z.) Coal Com- 
pany have recently struck coal at a d of ft. The 
company has gone t h 16ft. of coat, The coal is hard 
and of excellent quality, in fact, it is the best yet met with 
in the province of N " 

A Steamer for the Hawaiian Islands. — Messrs. 
Williams, Blanchard, and Co., ts for the Hawaiian 
Government, have contracted with the Risdon Iron Works. 
San Francisco, for the building of a wooden steamer of 
about 600 tons burthen. 


Gas at Boston.—The South Boston Gas Com has 
reduced the price of gas furnished to the city for 
— — 2.50 dols. to 2.40 - asd me oye 
ven now, however: appears rather a 
Boston, U.S. as 
Pig Iron in France.—The production fof pig iron in 
last year was semi-offi computed at 1,395,000 
a The corresponding production in 1875 was 1,415,000 
ms. 


Turkish Small Arms.—A large no of Turkish troops 
have been oymiense with old Spri d rifles 
from the United States Government. They were taken to 
Belgium and altered by the addition of some centre breech 
mechanism, which makes them a very effective arm for 
troops in the field. All theammunition for these arms has 
been furnished by the Winchester (U.S.) Manufacturing 
Company. 

The Belgian Iron Trade.—In the Charleroi district a 
few orders continue to come to hand from day to day, but 
that is all. Notwithstanding the general dulness of the 
times, MM. Blondian and Co., of Thy-le-Chiteau, have 
contrived, however, to give their shareholders a dividend 
at the rate of 15 per cent. per annum. 

Spelter—The production of spelter is stated to be in- 
creasing in Europe. In 1870, this production amounted to 
123,000 tons. In 1873, it stood at 129,000 tons. In 1874, 
it grew to 143,000 tons; and in 1876, it further expanded, 
according to a recent estimate, to 175,000 tons. 

Austrian Mechanical Industry.—In the course of 1875, 
the Austrian Railway Com 29 locomotives be- 
sides some eed om of size at its Vienna work- 

hops. Mec ind appears to have been a good 
deal depressed in Austria of late. 

The French Iron Trade.—A slight tendency to improve- 
ment is remarked in the French iron trade. Some spring 
orders have arrived, but prices have not varied ma‘ n 
Merchants’ irom and s iron have been in some demand ; 
on the other hand, iron rails have been almost entirely 
neglected. 

Steel Rails in the United States.—The demand for steel 
rails in the United States is considered to be improving. 
The total sales effected in February amounted to about 
70,000 tons. The leadi dari 
cific Railroad Company, 
Railroad wer yd tons; the Newhaven Railroad 
Company, tons; the Louisville Nashville Rail- 
road Company, 3000 tons ; and the Pennsylvania Railroad 
Company, tons. 

Coal in PennsylWwania.—The production of anthracite 
coal in Pennsylvania to February 17th this amounted 
to 2,302,293 tons, against 2,068,491 tons in the correspond- 


Perwvian Railways.—The extent of railway peat ee 
= or prienet in Peru, is altogether 2310 ‘i 
Of this network 700 miles have been completed, principally 
under contracts with Mr. Meiggs, an American contractor. 
In consequence, however, of financial embarrassments, the 
Pernvian Government has been under the mam ip | of 

of several lines—in fact, 





suspending the 
ni = + sclhguehnsmnenceg cesar ota tapenade i 


9 tons ; 
Ohio Railroad gr tetioae the Vermont Central - 
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PRICH LIST OF MATERIALS. 


METALS. 


ANTIMONY ORE one ton)— 
(star) 
BRAss (per ib.) — 
SOC, AS X 24 .rrererseseneee 
Yellow metal ........0000++ 





£ 
‘2 
3 


CASTINGS, TYNE AND OLEVELAND 
(per ton, & 6. 


TB... 000008 
{RON ORES (per ton) 
Red hematite, B: 


1,1 scocesescccocee 
— 2 row 


seeeeeeeereeees 


Cleveland ‘No. A ceceee 


Other QOALIGICT ....secceeee 
Welsh (South Wales) oe 
» (North Wales) .., 


Scotch 
G.m.b., at Glasgow.......+ 
Gactsher 








1 he. ccccvceecccccesseoccceces 

Govan, at Broomielaw... 

Calder, at Port Dundas... 

Glengérnock, at Ar- 
drossan 


Kinneil, at Bo'ness. 


sete 
Secooceoe Oo oO 


Ow 
wn 


Zz 
S 
g 


eooeas ances 


6 2 
(The above all ‘Gsiiversbie alongside) 


GHOPSDATS vee icesecsseeeees 
North Staffordshire 


South 
Yorkshire Thorna: 
Ridsdale Nos, 1 and 2 ,., 


laox, WaoueaT— 
Oleveland angles.,,, 


” 


ooeeee 


hoo; 
Welsh rails, 8. W. 


@ boiler plates, 3. Ww. 

» hoops, 8,W. 
LAD (per ton)— 
Soft lish pi 


eneeee 


seeeceseneee 


BROCE 20... ccorcorcerccccoccecee 
PaosPHoR BRonze— 

(per ton) ....+.. 
Quedkenvas (per bottle) 
ScRraP (per ton) — 

Old rails for re-manu- 

TACtUTE .....00006 ° 

Old Bt06l BCPAP......cses00000 
SPRLTER (per ton)— 
Silesian, ordinary 


EPIRGELEISEN (per ton)— 
Best 





STEEL (per ton)— 
Best CO8t ... ..esseeerreeceeeee 
»» double sh 





Swepise Ron (F.0.b.) at 
tenburg— 
} | eee 
” rolled 


8. 
78 
63 
6a 

60 

” 105 


& 6. 


8. 
go 
q0 
85 


a. 
° 
° 
° 
° 65 
° 


aun aac” 8 


—~ 
cue ooo 6 oo 


ow 
eoam eaosmeoemerae® cooccceosce 


=-Foeof 
oe 


Soar 


coPooocece 


oo 


= 
seocooso 


= 
eoou 





Tin—Continued, 
DATS..0.corcecsereeees 
Bngiish refined. 
TIN PLATES (per box)-- 
1. O, charcoal . 


seeeeeeeecenoes 





)> 

LO. coke 

so 
ZINC (per ton)— 

Sheets, English ........0.+» 
Wirz, Fencing 


Aeeeereeceeeee 


190 
re Telegraph (galvan’ sd) 


COALS AND ao aa 


COALS (per ton)— 
Barrow .. 
Bristol ..c.ceseee 
Derbyshire ,., 
BORED ccnsntncinnin 
Newcastle and Durham... 
Scotch 
Staffordshire ..,.....c00+» 
Welsh ....... . 
YOrkshtre ,....,scseereesseees 
CoxE— 


Cleveland ....rcrecereeeeeees 
Durham 











coo 


San oF Coo°o 


rere ee ee i 


Seo ace ooo 


OILS, GREASE, & LUBRICATORS 


OILS (Der tut) .....0.00cc0re0e0 


, Drown ..... 


BOND os at settococevtcchoctocoens? 
PsTROLEUM— 

Fine + muted ooevesess 
Pan Ger owe 00 conceeceoroe 





Ar 
PLomeago = owt. = 
Ceylon lump  ....s0++ 
” =. on 
gy ABE rece reer 
TORUAR  ccccccodescoedesseonecce 
Railway Grease 
CWE.) —RO80'S ..cccecsesesees 
BResix (per cwt.)— 
AMOTICAD ,,,.....00.ecene00ee 
TALLOW (per cwt.) 
8. American beef ......... 
sheep.. 
Australian beef . 


shee 
8t. Hotorabarg, ¥. 
sone 


seeceesseses 


ae: dekwolm (per bari.) 
canes Se 7 

American (casks) .....0+0 
WIPINGS, ONZING .......0000008 





CHEMICALS, 


AcIps— 

Aquafortis (per Ib.) ...... 

Sulphuric acid (per Ib.) 

Sulphuric acid, brown .,, 
Am™MoNIa — Muriate (per 

COM). ..rcccceccecsescssee seveeees 
ARSENIO— 

White, lump (per owt.) ... 

Powdered (percwt.) .., 
BLEACHING powder percwt. 
Borax—refined (per cwt.) 
— (per ton)— 


B2 BR ooo? 


a 
Coe cho oo 


LEAD, SaLTS, ec, Senate 


eeereneee 


Acetate, be eee 
Brown ° 
White cosee cose 

Lcre ares (per cwt) .. ceecsoves 

wee, — pr (per 

SALTPETRE (per ton.) 
English refined, —— ove 
qoaee~ epeeecoceccccseccoeses 


Bengal . 
Sopa Caustic e 


” 


FPaaoo oF 


= 
o “eo 


oa 
eo oo; 


eow @ 
“e 
eoonmn oo CoPeCe 


eaocoscoaaa o 0 


oo 


anne 


ecunFocoo™osz 


TIMBER, DEALS, &e. 
LONDON, 


Archangel lst yellow...... 
2nd 


Petersburg & Riga white 
Ohbristiana deals, best 
sorts, yell. and white... 
Norway deals, other 
BOTS rerrcresrccccercotceses 


(Per Petersburg standard) £ s, d. 





£ 
Norway battens,allsorts 6 
Swedish deals mixed ... 15 
Swedish deals 3rd ......... 13 
Swedish deals, inferior 


sosssecee*teceesseeee 10 


and 4th 
(Battens 30s. | 
deals) 
Finland deals 1st .....0«. 12 


8. 
$ 
° 
° 


3° 


—-— DAKLAMS ....4008 TO 10 


oe H. §.deals ... 8 

on i, 8. battens... 
AMERICAN DEALS— 

Sasoen es _ pine... 19 


7 10 


$ 


* ove " 


© 25 10 
. 15 15 


Pibated hs 403., 20s,, Sad. 10s., Soni for Ist, 
2nd, and " srd, ‘respectively. 


Canadian spruce, 18t...... 10 


Brd ae 
New ‘Brunswick spruce... i 
Ditto battens .... 

N.8. & P. E, Isle 
U, 8. piteh pine ....... 

AMERICAN TIMBER— ae load) 
= Le 4 crn and 
Do. for ~—m ‘and 5 
Yellow pine, large ......+. 
Ditto waney board 
Ditto small .....e.cse+ 


, Quebec... 
Do. United States 
Elm. 


Birch, Quebec larg 
Masts, red pine ... 
Oregon .... 
wrie, 
Indian teak ..........0.. 
—_, Guiana 


eee seeeseceeceneoeres 


Australian ironbark ,..... 
BALTIio TIMBER rm load) 
Riga 


Dantzicand Memel crown 
» Ist middling. 


= She eeAM OWS US 


on 


ee wee 


ewe 


2 
balks seeeeeneeseeresseteen ces 
FLOORING BoaRps (per 8q. 
of Lin.)— 
First =: 20000800088 ee eee 


gecond ee 


saeteteee 


8 10 


o 14 


12 
190 


eocoococsd 


eo°o ©o esc0c0cecoo0f0eoeoc0oocoo 
“* 

ao Bb O Oh Om OMIw Fe UUns 

eeccoooocooocooeoo 0 


eve + *£Aue 


seeve 


25 


o 18 
© 13 
o o13 


The above prices vs at the Docks.” 


LIVERPOOL. 


WHOLESALE PRICES OF TIMBER, DEALS, &0. 
FROM BRITISH NORTH AMERICA. 


Pins TIMBSR (per cubic 
foot string measure) £ 
Quebec yellow square .,, o 
* Waneybeard .. o 
St. John’s, N. B,, 18 in... o 
Miramichi ae: — 
Chaleur ....ccccerseree 
Richibucto ..,...... 
Nova Scotia and Prince 
Edward Island ,,, 
Quebec red ,,,.. 
La Quebec... 


ova Scotia and 

Prince Edward Island 
Masts, Quebec (calliper) 
DEALS AND BATTENS (per 
Petersburg standard) 
epee yellow pine, a he 


” ” 


St. , ame, "Bangor, ‘*, 
BPTUCO ,..csereecesseereseee 
Ditto, other ports ......... 
St. John mixed pine ...... 
» = Spruce 


8, 
1 
2 
2 


a £8 
° 


voo 


Nee woOS®O4UwS 2M 
coo ecoooo°d oo 


ow 


- 
“onwoo “odo 


oe 


From THE UnitEep States, EAST AND WEST 
INDIES, AND AFRICA. 


(Per cubic foot, string 
measure) 
Pitch pine, hewn  .....5.0 


BOWD ossseescncee 
United States oak logs... 
(Per load a measure) 
East Indian teak (per ld) 11 
ae bh q 


Demerara en raeanae 6 
Bullet tree (per foot) ° 





&®ot0o0 sae 
eSou wane 
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ada £ od 


£ 
FROM THE BALTIO, £0. 


oo cb, ft. string measure) 
timber, Riga red ...... 
and 
pees 


SOOe etree ceeceeceeresees 


oe ditto, other 
Stettin 

Swedish, 

BOAT. ncsccracanecoccesonsen 


Wainscot (Logs calliper 
measure) 


Riga, &C., CTOWD....s0000-+ 
Ditto Drack .....ccserssssesee 
Oak timber, Dantzic 

(string measure) eeecee 
Pit props per lineal yard 


BALS, &0.— 
ga her yee ay 


Redwood, Petersburg 1st 
2nd 


” ” 

am Wydurg ..e.ceeee 

@ Uleaborg ...... 

” Gothenburg .., 

© Gefle and Stock- 
holm 


seeeanceetetrenseesetens I 


MAHOGANY, &c. (per foot 1 in. ») 


4 St. Domingo 


Uedar, Havana, & 
Sleepers, Hackmatack, each 
9x1l0x5 


HULL 

(Per load). 
Memel crown fir timber ... 
d 


2n 

Riga and Dantzic ist ...., 
ue” oi - Gah cme 
w oo 
99, BEALL ccocesccccceces 
CLM DET ..eererecceseceses 

(Per cubic foot). 
Quebec OlM .....00rereeeees 

— 





sence 


Pitch pine, a 
(er Sulerebhrg standard). 
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AMERICAN IRON AND STEEL WORKS.* 
No. IIL. 
By A. L. Hotxey and Lenox Satu. 


THE MIDVALE STEEL Works. 

In 1864 Mr. William Butcher, formerly of Shef- 
field, started, with the assistance of Philadelphia 
capitalists, the William Butcher Steel Works, at 
the junction of a short line of railway between the 
city of Philadelphia proper and its largest suburb, 
Germantown, with a branch of the Reading Rail- 
road, between the Falls of Schuylkill and Port 
Richmond. The latter place is the great shipping 
point for coal from the Schuylkill region, so that the 
works are on the line of a main coal carrying road. 
The Pennsylvania Railroad s the works and 
intersects the Germantown Railroad half a mile to 
the south, and the Reading Railroad again runs 
other lines of track to the Delaware, forming an 
easy connexion with tide water. The location 
of the works was in some res 


the low marshy character of the ground chosen was 


ts favourable, but | pa 





builder and engineer of Philadelphia, who gradually 
effected a change in its organisation and in the 
character of its pomp orn 

The steel for the bridge over the Mississippi river 
at St. Louis was all made at these works. This 
contract was probably the most important that it has 
undertaken, considering the high quality, the close 
requirements as to physical tests, and the amount 
of steel furnished, which was not less then 2217 tons. 
The greater part of the steel was used to form the 
tubular voussoirs of steel arches of 500 ft. and 520 ft. 
spans. 

The Jarge quantity of scrap which had accumulated 
during the earlier working, was under the new 
management melted in the open-hearth furnace, 
and used in filling an order for 2500 tons of rail 
blooms for the a and Reading Company. 
This contract was completed in August, 1875, and 
most of the rails have since been in continuous 
use, to the entire satisfaction of the railroad com- 


ny. 
The production of steel axles for railway pas- 
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a serious obstacle to economy in putting up the 
plant. The buildings and machinery were erected 
substantially, as shown in plan, under the direction 
of Mr. Butcher. The plant comprises in the melting 
department, two open hearth furnaces (one Siemens’ 
and one Sellers’ patent), and a heating furnace, 
also 40 four-pot coal fires, and 5 six-pot Siemens’ 
fires for crucible steel. In the forging depart- 
ment are 5 double-acting steam hammers (Sellers’ 
patent) of 14,000 Ib., 5000 Ib., 3000 Ib., 1000 lb., and 
300 lb. weight respectively. In the rolling mill there 
are one horizontal tyre rolling mill, built by W. and J. 
Galloway and Sons, and a plate and bar mill having 
one 24 in. train with two-high rolls, built by James 
Moore, of Philadelphia. There are also a moulding 
shop, an annealing shop, a machine shop, a smiths’ 
shop, a 30-ton converting furnace, a brick shop. 
&c. The machine shop contains five of Sellers’ 
horizontal boring and turning mills, one of which 
has two tool heads upon which the tyres manufac- 
tured here are expeditiously turned and finished. 
There is nothing specially worthy of mention con- 
cerning the mechanical appliances in use. The 
engines, tools, &c., are all of well-known types. 
Partly from the lack of good management, and 
partly because the conditions for steel making were 
not the same as in England, the success anticipated 
by the original projectors of the enterprise was not 
realised. Upon Mr. Butcher's severance of his 
connexion with the works, Mr. William F. Durfee 
became the superintendent, and upon his resigna- 
tion in 1873, the works came under the presidency of 
. William Sellers, the distinguished machine tool 


* In the course of this series of articles, f 
ference will necessarily be made to the exhibits of varions 
=e manufacturers in the United States, at the recent 





itennial Exhibition, and some of which 
noticed in the trief review of American Iron and Steel Ex- 
ts at Philadelphia which has already appeared in our 








senger carriages to equal in quality the best English 
axles next engaged the attention of the managers. 
Notwithstanding the use of steel for this purpose is 
very restricted in America, the Midvale Steel Works 
has made within the last two years several thousand 
axles, all guaranteed to stand the most severe dro 
test ever exacted. Although many have been teste 
by the purchasers and in public by the makers to 
show their toughness and strength. compared with 
iron axles, not one has failed to meet the require. 
ments of the test, or, we have the assurance of the 
makers, has failed in use. The best iron axles 
brought forward in the competitive trials before the 
American Association of Master Mechanics stood 
but three blows of the drop, which failed to break 
the Midvale steel axles with from seventeen to 
thirty blows. These axles are made in the open- 
hearth furnace from a superior Bessemer pig, good 
scrap and soft iron blooms from the bloomeries of 
Northern New York. They contain an average of 
0.30 per cent. of carbon. They are not as soft as 
the low steel made with ferro-manganese, but a 
4in. round axle is tough enough to stand bending 
cold, so that the ends meet, and there is nowhere a 
distance of more than 4in. between the two sides, 
This material is guaranteed to havea tensile strength 
of 68,000 lb. per square inch, with a limit of elasti- 
city of 33,000 Ib., and 26 percent. elongation under 
strain (over 4in.) with 53 per cent. of reduction of 
area at the point of fracture. 

Ingots for axles are cast 12 in. square, three axles 
to an ingot. They are cogged to 5 in, square under 
a 7-ton hammer, finished under a 24-ton hammer, 
in swage dies, and rough-tursied all over. The capa- 
city of the 24-ton hammer made by William Sellers 
and Co, is 38 axles of 335 Ib. each, forged with col- 
lars and journals, in 20 hours. 

The material used for axles is found to be admi- 
rably adapted to a variety of forgings. In tough- 


ably with Whitworth’s compressed steel of equal 
carburisation, The following results were obtained 
in a a sample of Midvale steel at the Navy 
Yard, Washington. Tensile strength, 79,400 lb. 
per square inch ; elastic limit, 36,000 lb.—29.35 per 
cent. of elongation (over 2 in.); 41.3 per cent. of 
reduction of area at point of fracture ; carbon, 0.32 
per cent. The next grade of steel manufactured is 
guaranteed as follows: Tensile strength, 80,000 lb. 
per square inch ; limit of elasticity, 37,000 Ib. ; 23 
per cent. of elongation under strain and 44 per cent, 
reduction of area at point of fracture. This is 
known to the works and their customers as Class II. 
and is better suited for many kinds of forgings and 
for certain special purposes than the first steel de- 
scribed, which is Class I. The physical charac- 
teristics of Class III., the next grade, are, tensile 
strength, 86,5001b.; limit of elasticity, 43,000 Ib. ; 
20 per cent. elongation over 4in.; 39 per cent. re- 
duction of area at point of fracture. Those of 
Class IV,, tensile strength, 94,000 lb. per square 
inch ; limit of elasticity, 46.500 ; 17 per cent. elon- 
gation; 36.7 per cent. of reduction of area at 
point of fracture. In ordering steel for construc- 
tive purposes, customers have the above results 
in a tabulated form to guide them in the choice of 
material. 

Locomotive and carriage tyres form an important 
class of finished products. The ingots are cast round, 
and are forged _— on the side under a heavy 
hammer ata good heat, upset and punched, beaked at 
another heat, inspected in the beaked bloom, and 
rolled in a horizontal mill with finishing rolls only. 
The material for a is made with the greatest care ; 
the best tyre steel should be very strong, tough, and 
perfectly homogeneous, so.that the tyres can be re- 
tained on the wheel centres until very thin without 
danger of breaking. At the same time the steel 
must be hard enough not to wear too rapidly. ‘The 
am kind of metal to fulfil these requisites has 

een attained only by a longseries of careful de- 
terminations of the chemical and physical character- 
istics of steel made for this purpose, and by constant 
vigilance in every stage of the manufacture. This 
system is so thoroughly carried out, that the com- 
position, tensile strength, ductility, &c., and the 
complete history of every tyre can be ascertained by 
reference to the number stamped on the tyre before 
it leaves the works, These facts brought into com- 
parison with the record of the tyres in use, give com- 
we data for correct conclusions to guide the manu- 

acturer. Of course every four or six tyres for the 
same locomotive are made as nearly alike as pos- 
sible; generally ingots for a set are taken from the 
same heat or casting. The average tensile strength 
of this steel is about 90,000 1b. per square inch, It 
shows an elongation of 20 per cent, under strain. 

The Midvale Works made one of the best displays 
of American steel in the Centennial Exhibition, in 
respect of range of products and their instructive 
pos oe practical character and of large masses. The 
exhibit comprised open hearth steel in the shape of 
ingots, locomotive and car-wheel tyres, axles and 
crucible steel bars in many forms, also an ingot 6 ft. 
in height and 20 in. square, weighing 7000 1b., and a 
group of tyre ingots, six in number, illustrating the 
system of bottom casting. Two uncompressed 
ingots were fractured as cast, showing great solidity 
in the fracture. Hammered samples cut from ingots 
of the same charge showed a limit of elasticity of 
between 62,776 pounds per square inch and 
67,260 lb., the ultimate breaking strain being 
122,300 lb., the elongation under strain 16.5 per 
cent, and the reduction of the section at the fracture 
32.2 per cent, A turned tube, 12 ft, long and 
123 in. in diameter, weighing 5000 lb., was a very 
well-finished piece of work ; a tested sample showed 
the limit of elasticity to be between 50,700 Ib. 
per square inch and 54,070 lb., the ultimate break- 
ing strain being 83,824 lb, and the elongation under 
strain 16.5 per cent. Among other products worthy 
of special attention were a collection of hammered 
crucible steel: bars for tool steel, wire plates, guide 
bars, and some mild centre tap and steel by 
besides machinery forgings and many miscellaneous 
forms of open hearth castings, such as anvils, railway 
crossings, &c. On the whole the exhibit proved a 
high state of the art, and that the manufacture is 
thoroughly in hand. 





BAVARIAN Raitways.—Most of the Bavarian railways 
are single lines. A considerable length of the State lines 
is laid on stone blocks, and they have heavy 
sharp curves. The traffic on the main 


fines ‘consists 





ness, strength, and soundness it compares favour- 





principally of heavy goods trains. 
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NOTES ON GAS MAKING.—No. V. 
By R. H. Parrerson. 


A New Mope or Workinc WASHERS AND 
; SCRUBBERS, 

Wasners and scrubbers have been employed 
simply to take out the ammonia from the gas, which 
is a highly profitable process owing to the com- 
mercial value of the ammoniacal liquor thus ob- 
tained. Originally, it is true, and up toa quarter 
of a century ago, washers were employed even in 
first-class gas works, as indeed their name implies, 
to merely wash the gas, chiefly in order to cleanse it 
from its tarry elements by cooling; and these vessels 
are still employed in this rude manner in small gas 
works throughout the country where condensers 
are not used; and even in larger works, but where 
the condensers are inadequate, a considerable portion 
of the tarry vapour is still taken out of the gas by 
means of the washers or scrubbers. 

But in the London gas works, at least for several 
ears past, the preliminary work of condensation 
as been done satisfactorily, and the washers or 

scrubbers have been employed entirely for the ex- 
traction of ammonia, which is readily absorbed by 
the water contained in these vessels, But this object, 
viz., the extraction of NH,, has been the only one 
for which washers and scrubbers have been syste- 
ay employed even in the largest and best 
managed gas works. It is true, and has been well 
known, that along with and by the ammoniaa portion 
of the acidulous impurities, CO, and SHg, was like- 
wise absorbedin those vessels, but this happenssimply 
asa ey concomitant of the extraction of the 
ammonia (which, being an alkali, absorbs these 
acid impurities), and no special attention was given 
relative to this simultaneous extraction of CO, and 
SH,, nor was any attempt made to regulate their 
absorption. 

I may say much more than this, for the absorption 
of CO, in the washers or scrubbers was so wholly 
overlooked that it was practically forgotten that it 
was absorbed in these vessels at all. In proof of 
this I may refer to all the literature or publications 
on gas manufacture—‘ Clegg” in its successive 
editions included—but there is also direct and posi- 
tive evidence upon this point in the opinions ex- 

by some of the highest and most scientific 
authorities on gas purification. These show that 
the liquor formed in the washers and scrubbers was 
re ed as, and practically treated as if it were, 
sulphide of ammonium—the presence of CQOy, in the 
tiquor, usually in a preponderating quantity to SH,, 
png totally ignored. This appears remarkable, 
but the mistake was not confined to gas liquor, for 
an exactly similar error, or forgetfulness, was made 
with respect to foul lime, which was regarded as 
sulphide of calcium, in other words, as if it were 
simply sulphuretted, instead of (as is the fact) three. 
fourths of it being carbonated. Nor was this merely 
a vague abstract opinion, for Mr. Mann, one of the 
very ablest of the London gas engineers, in a patent 
which he filed in December, 1871, practically regards 
and explicitly speaks of foul lime as being sulphide of 
calcium, ps | of gas liquor as being sulphide of 
ammonium. Whereas, as is now acknowledged, the 
lime in purifiers, when worked by the system then 
in use, and also the ammoniacal liquor in washers and 
scrubbers, existed necessarily to a large and pre- 
ponderating extent in the form of carbonates. 

Another illustration of this wrong notion (viz., 
of the neglect and forgetfulness of the effects of the 
COQ, in the gas) was given by Hawksley and Letheby 
n 1865. It happenedin this way. The capacity of 
certain alkaline sulphides to absorb bisulphide of 
carbon had been ascertained in laboratory experi- 
ments by Continental chemists ; and Mr. Hawksley 
suggested that a means of extracting the CS», 
which was then and had long been an insuper- 
able difficulty in gas manufacture, might be found 
by washing the gas with the liquer formed in 
the scrubbers, which he regarded as sulphide of 
ammonium, This attempt failed; the reason being 
now well known, viz., that the liquor was so car- 
bonated, and therefore contained so little sulphide 
of ammonium, that it had no satisfactory action 
upon the bisulphide of carbon. Mr, Hawksley next 
recommended a very copious, indeed an enormous, 
washing of the gas with the scrubber liquor; but 
this also failed. Last of all it occurred to them that 
the liquor, as ordinarily produced, was not “‘ strong” 
enough (which was quite true, though in a very 
different sense from what was then imagined) ; and 
Iremember Mr. F. J, Evans when he was a colleague 


a means of solving the sulphur question) of employ- 
ing very tall scrubbers to effect Mr. Hawksley's 
object, —the object of the tall scrubbers being to pro- 
duce stronger ammoniacal liquor, and of such a 
quality as to be capable of purifying the gas from 
bisulphide of carbon. Now, this notion was doubly 
wrong. In the first place, the idea that scrubbers of 
unusual height are necessary for the production of 
strong gas liquor was as curious a misconception, or 
lack of knowledge, of the simple facts of the case as 
could well be imagined ; because, as might be evident 
to every one, no new apparatus or heightening 
of the scrubbers was needed at all for such a pur- 
pose, for the liquor could be “strengthened” to 
to any extent by merely returning it into the scrub- 
bers, or, as it is technically termed, ‘ working it 
over again.” In the second place, as I shall show, 
the liquor so produced was even less suitable for the 
proposed object than ordinary scrubber liquor is. 

This i for using stronger gas liquor, i.¢., 
liquor of greater ammoniacal strength, whether ob- 
tained by using tall scrubbers or otherwise, likewise 
failed, as it was bound to fail. Indeed the result 
must have been worse than when ordinary gas 
liquor was employed, and the attempt showed more 
decisively than before the utter lack of knowledge 
which then prevailed on this subject. The cause of 
the failure was this: As I was the first to point out, 
and as isnow fullyrecognised, the ‘‘ stronger” the gas 
liquor becomes, the more does it become desulphu- 
retted andconvertedinto the inert form of carbonate. 
The enly means of increasing the ammoniacal 
strength of the liquor is by keeping the liquor 
longer in contact with the gas, in order to promote 
the absorption of NH, by the water, which is cap- 
able of absorbing about 700 times its own volume 
of this gas. But the longer the liquor is kept in 
contact with the gas the more highly does it become 
carbonated, owing (as already said) to the greater 
affinity which CO, has for ammonia and other 
alkalies than SH, has; whereby the sulphuretted 
hydrogen, which is at first absorbed in the scrubbers 
simultaneously with the carbonic acid, is thereafter 
displaced by the latter substance. 

Thus every attempt to employ gas liquor for 
the object proposed by Mr. Hawksley—viz., the 
absorbing of the sulphur impurity—failed, from a 
neglect of the real facts of the case. In 1870, after 
these successive attempts had been tried, the gas 
referees instituted a series of testings in some of the 
principal London gas works ‘ for ascertaining the 
effect of scrubbers upon the quantity of sulphur 
compounds in the gas.” The following Table, which 
gives in a condensed form the result of those testings, 
shows how entirely inoperative the scrubbers were 
upon the sulphur impurity : in the majority of cases 
(as will be seen) there being actually more sulphur 
in the gas when it emerged from those vessels than 
when it entered them : 


Increase or Decrease of 
Sulphur at Outlet of 
Scrubbers. 
grains. 
Bow Common Works + 5.06 
Fulham a — 5 
St. Pancras - + .10 
H rston pat — 1.50 
Blackfriars = + 2.25 
Old Kent-road_,, — 4.05 
Horseferry- + 1.45 


road ,, wee 

I may take credit to myself for having fully cleared 
up the rationale and practical effects of the action 
of washers and scrubbers, as well as of the other 
stages of purification ; and I shall now show how the 
action of washers and scrubbers can be regulated re- 
lative to the absorption of CO, and SH:, and bi- 
sulphide of carbon also, and the different modes of 
working those vessels in order to accomplish tbe 
different results which it may be desired to obtain 
from them. 

An important improvement in gas purification has 
yet to be accomplished in the use of washers and 
scrubbers, by not merely using these vessels for the 
absorption of ammonia, but by also regulating their 
action upon the other gas impurities. Iam confident 
that in every large gas works this regulation will ere 
long be unive y adopted, and these vessels will 
be employed, relative to the absorption of CO, 
and SH, (or, by a wider change, for CS, also) in 
a systematic manner, with reference to and in 
harmony or co-operation with the working of the 
Purifiers, so as to remove these impurities upon a 
uniform and regulated system, in which the washers 
or scrubbers and the purifiers (whether containing 
lime or oxide of iron) will be combined in their 
action in one continuous series of operations. In 





of mine as a gas referee, used to speak hopefully (as 





truth, what I here propose may be regarded not 





merely as a new mode of working washers and 
scrubbers, but rather as a substantially new use of 
those vessels, 

The fundamental point in this matter is the fact 
that in washers and scrubbers we have a substance, 
or purifying material, exactly similar to and identical 
in character with the lime in purifiers. Formerly, 
from the beginning of gas purification, lime purifiers 
themselves (vessels specially employed to absorb 
SH, or SH, and CO, together) were worked in a 
haphazard or ignorant manner ; therefore one need 
not be surprised that the action of washers and 
scrubbers (vessels specially employed for ammonia) 
upon these other impurities was equally misunder- 
stood. But the fact that the ammoniacal liquor 
formed in washers and scrubbers is quite as potent 
and efficient as lime for absorbing CO, and SH, 
and is equally capable of being systematically re- 
gulated in its absorption of these impurities, 
suggests at once the advantage to be gained by 
turning this liquor to the best possible account as a 
purifying agent. 

Lime, as employed for gas purification, is an ex- 
_ and also a dirty material ; and it is acknow- 
edged on all hands that a great point would be 
gained if the use of this material can be minimised, 
still more if it can be wholly dispensed with. By 
my new mode of employing washers and scrubbers, 
not only the first but also the second of these ends 
can be attained. But first let me speak of the 
minor of these improvements, i.e., the minimising of 
the use of lime, 

Now thatthe gas requires to be purified from the 
‘* sulphur compounds” which so long baffled the gas 
weil, some alkaline substance is indispensable in 
gas works for the production (by absorbing SH,) 
of an alkaline sulphide, by which material alone it 
is possible to extract these “ sulphur compounds,” 
i.e., the sulphur in other forms than SH3. Accord- 
ingly, since I made known how these alkaline 
suiphides can be produced in gas works efficiently 
(and indeed profitably also) for this purpose, lime 
has been largely employed by all the London gas 
companies, instead of the oxide of iron previously 
alone in use. But, as I have shown, before such 
sulphides can be efficiently produced, it is indis- 
pensable that the CO, be previously extracted from 
the gas; and for this purpose also lime, or else 
some other alkali, must be employed. Thus there 
are two separate objects for which lime (or some 
other alkali) must be employed, viz., (1) to extract 
the COy,, and (2) to form an alkaline sulphide. By 
the old system lime was employed for the absorp- 
tion of all the acid or acidulous impurities (SH», 
CO,, and CS,) indiscriminately, and in a haphazard 
or unregulated, and as regards CS, wholly un- 
successful manner. But now that the right mode of 
purification is understood, the point to be accom- 
plished is to restrict the use of lime to the one 
purpose of producing sulphide of calcium (for the 
absorption of CS,), by making it absorb only the 
SH,, or rather only such portion of the SH, as is 
indispensable for the production of an adequate 

uantity of the calcium sulphide, the remainder of the 
SH. being taken out by oxide of iron, which costs 
nothing, " 

To do this, we must find some other material 
for taking out the CO,. And this can be done, not 
wholly, but to such an extentas to save a great deal 
of the lime, by employing the washers and scrubbers 
as mainly decarbonating vessels, viz., by retaining 
the liquor in the washers and returning it into the 
scrubbers until the portion of SH, originally absorbed 
in the liquor is expelled by the CO, in the gas, and 
the liquor is fully carbonated. It may be said, there 
is no advantage in this, because if the scrubber 
liquor be wholly employed for extracting CO,, an 
extra and exactly equivalent proportion of the SH, 
will remain to be absorbed by other means. The 
answer to this is (1), that it is indispensable to re- 
move the COs first of all = order that a large 
amount of pure alkaline sulphide may be thereafter 
produced for the absorption of CS»), while the SH, 
must be kept in the gas for the conversion of the 
lime into calcium-sulphide, and that any more 
of the SH, than is required for this purpose can be 
extracted by oxide of iron, which is a costless material. 
(2) It is to be observed that it is impossible to em- 
ploy the SH, in the ordinary scrubbers for the pro- 
duction of the indispensable alkaline sulphide, 
capable of absorbing the CS,, because the CO, in 
the gas as it enters these vessels is so many times 
larger in quantity than the SH,, that sul hide of 
ammonium cannot be formed in the scrubbers m 





such quantity or purity as to extract the CS,, 80 
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that the extraction of this impurity must be effected 
in subsequent vessels (¢.g., lime purifiers) wherein 
a large amount of alkaline sulphide can be formed. 

But by working the washers or scrubbers in the 
manner above described, viz., devoting the am- 
moniacal liquor formed in them specially to the ex- 
traction of CU,, these vessels can, to a great extent, 
take the place of the first set of lime purifiers under 
the new system, viz., the decarbonators, or those set 
apart for taking out the carbonic acid. In this way, 
obviously, there will be a great saving of lime. The 
washers or scrubbers, in fact, will be worked /o- 
gether with the lime purifiers, exactly as (and to a 
‘considerable degree in substitution for) the first or 
decarbonating set of these purifiers under my new 
system. 

I must here advert to a peculiar action of the 
ordinary Ammonia-washers and scrubbers, in which 
respect they differ from lime purifiers, namely, 
that it is impossible to fully carbonate their con- 
tents, a portion of the liquor always remaining sul- 
phuretted. The explanation of the difference is as 
follows: In lime purifiers the amount of alkaline 
material (i.¢., the lime) is a fixed quantity; and 
however large or however small this quantity may 
be, by keeping it in contact with the crude gas, the 
whole of it can be carbonated,—the portion of the 
lime which is at the outset sulphuretted being 
gradually but quickly carbonated in consequence of 
the CO, expelling the SH;,. But in washers and 
scrubbers the case is somewhat different, because in 
these vessels-the amount of alkaliis never a fixed 
quantity; it is every moment increasing, owing to the 
water progressively absorbing more and more am- 
monia from the gas. And as soon as more ammonia 
is absorbed by the water, this fresh or momentarily 
unsaturated portion of the ammonia takes up CO 
and SH, simultaneously and indiscriminately ; and 
although this new and additional portion of the 
NH,, or rather the part of it which absorbs SH,, 
is speedily carbonated in its turn, nevertheless there 
is always being formed ancther increment of NH,, 
which absorbs CO, and SH, alike. In fact, as the 
water or liquor in the scrubbers, is never retained in 
action until its capacity for absorbing ammonia is 
exhausted—as it is never fully saturated with NH, 
—it goes on absorbing ammonia continuously, 
though with diminishing rapidity, all the time it is 
kept in the washers or scrubbers ; and thus, in the 
way above stated, at every moment the liquor con- 
tains some portion of ammonia which is being satu- 
rated with SH, as well as withCO,. For example, 
suppose these vessels at any time stopped (or the 
gas shut off from them) some portion of the liquor, 
although a small one, would be found sulphuretted, 
however long the liquor had been kept at work, 
i. e., in contact with the CO, in the gas. 

I draw attention to this matter because it greatly 
puzzled a friend of mine, a most accomplished gas 
engineer, who, on finding that the scrubber liquor 
always contained some portion of SH,, came 
hastily to the conclusion that although my new 
system, based inter alia on the power of CO, to 
expel SH, from alkaline substances, applied per- 
fectly to lime purifiers, the said chemical action did 
not take effect upon gas liquor, to which material 
my new process is equally applied. As above shown 
—and as indeed might have been confidently ex- 
pected from the identity in chemical character of 
lime and ammonia—this is entirely a mistake. The 
gas liquor, by being kept in contact with the crude 
gas, is decarbonated just as lime is, although from 
the circumstance that the alkaline material in 
washers and scrubbers is (unlike the lime in puri- 
fiers) constantly increasing, a portion of this in- 
crement of ammonia will be found sulphuretted 
unless the liquor were kept so long in action that 
its power of absorbing ammonia has been absolutely 
exhausted, 

The above-described mode of working washers 
or scrubbers, then, will save lime, in works 
where this material is employed, and where it is 
necessary to get rid of the sulphur in other forms 
than SH,. ; 

But a far wider change may be made in the em- 
ployment of the ammonia washers or scrubbers : 

1. Until recently, and in most gas works at 
present, the work of condensation was so im- 
perfectly done that the gas as it entered the 
washers or scrubbers contained a large portion of 
tarry matter which had to be removed in these 
vessels before the gas passed into the purifiers, 
because the tarry matter would spoil the lime or 
oxide of iron. But itis not only desirable but per- 
fectly practicable to remove the whole of the tarry 








matter in the Condensers; and when this is done, it 
seems to me that a radical change might be made in 
the employment of the purifying apparatus, namely, 
by passing the gas as tt leaves the condensers 
directly into lime purifiers, and to use the washers 
or scrubbers last of all; and then to employ the lime 
purifiers solely to decarbonate the gas, in such 
manner as at the same time to drive forward the 
sulphuretted hydrogen into the washers or scrubbers, 
where it will be absorbed along with the ammonia, 
thus forming pure sulphide of ammonium, whereby 
the ‘‘ sulphur” would also be extracted. 

By this process the lime would be devoted simply 
and solely to decarbonating the gas, and the spent 
lime will come out of the purifiers wholly in the in- 
odorous state of carbonate. Accordingly this mode 
of employing lime can be practised in any gasworks 
without creating the slightest nuisance. 

2. Or, lime and purifiers might be wholly dis- 
ensed with, by revivifying a portion of the gas 
iquor, and employing it in washers or scrubbers, 
where it would act exactly the same as lime in 
purifiers ; and thus the entire work of purification 
from beginning to end, would be carried on in 
closed vessels, occasioning no nuisance either to the 
workpeople or the public. Moreover there would 
be a great, indeed entire, saving of labour, because 
washers and scrubbers are self-acting apparatus, 
whereas the expense of filling and emptying purifiers 
is a heavy item, costing about as much as the 
material employed in them. 
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Fire Protection. A Complete Manual of the Organisa- 
tion, Machinery, Discipline, and General Working of the 
Fire Brigade of London. By Eyre M. Suaw, Chief 
Officer, ‘Metropolitan Fire Brigade. London: Charles 
and Edwin Layton. 

In this volume Captain Shaw has arranged in the 
most compact form, a vast amount of information 
which if not of general interest, will prove of great 
value in the organisation of fire brigades, and their 
management in other cities, at home, and abroad. 
The chief merit of the book lies perhaps in the fact 
that the author has descended into the most minute 
details, and illustrates his description of the ma- 
chinery and multitudinous tools belonging to the 
work with well executed sketches. In the same 
way the detailed particulars of and instructions for 
engine, ladder, and fire-escape drill, are all illus- 
trated with sketches, which give a very clear idea 
of what the writer desires to convey. We may 
mention incidentally that these illustrations convey 
an excellent notion of the risks incurred by the 
members of the brigade in the performance of their 
ordinary work, 





Handbook of Rural 7. Science, illustrating the 
best Means of securing Health and of preventin 
Disease. By C. F. Garpner, WILLIAM Berry, C. 
CRESSWELL, and THomas HENNELL ; edited by Lory 
Marsu, M.D. London: Smith, Elder, and Co. 

Dr. Marsh tells us in his preface that early in 1875 
he offered a small prize for an essay on ‘“ Rural 
Sanitary Science and its further Application, with a 
view to insure the highest Condition of Health and 
to prevent Disease,” and that Mr, Bailey Denton 
and Mr. James Howard kindly took upon themselves 
the duty of examining and adjudicating upon the 
essays sent in. Asa result of the competition the 
prize was awarded to Mr. C. F. Gardner, of Ash- 
bourne, Derbyshire, whose essay is printed in extenso 
in the volume before us, while ‘honourable men- 
tion” was awarded to Dr. W. Berry, Mr. C 
Cresswell, and Mr. T, Hennell, abstracts of whose 
contributions are also given in the volume under 
notice. The result of this combination of essays is 
very satisfactory, and thanks to careful editing the 
whole reads as a consecutive work, and there is an 
absence of that repetition which but too often 
oceurs when the writings of several authors are 
combined. 

Mr. Gardner’s essay occupies the first five chapters 
of the book, and it deals consecutively with the past 
and present of sanitary matters, the con- 
struction of dwellings, the disposal of sewage and 
pollution of rivers, the supply and storage of water, 
and sanitary legislation. e essay is well written, 
and it imparts in a pleasant form a great deal of 
sound and useful information about sanitary 
matters, k 

Chapter VI. is by Dr. Berry, of Wigan, and it 
treats especially with public health laws and 
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the statistics of deaths from preventable diseases, 
the effects of ventilation of dwellinak and of the 
uality and quantity of the water supply, as well as 
e disposal of sewage being also dealt with. Next 
we have a —— dealing with the legal aspect of 
the question, this chapter being contributed by Mr. 
C. N. Cresswell, barrister-at-law, and including a 
cimen code of bye-laws. This chapter might, we 
think, have been subjected to further condensation 
without its receiving material injury, Chapter VIII. 
is by Mr, Thos, Hennell, Assoc, Inst. C.E., and treats 
‘¢on the relations between rural sanitary authorities 
and the central Government, and on the mode of pro- 
cedure where action is not taken by local authorities.” 
This is an important division of the subject, and Mr, 
Hennéll deals with it succinctly and clearly. Lastly, 
we havesome notes by Dr. Marsh, especially urging 
stringent legislation in sanitary matters. Altogether 
the “‘ Handbook” is well worth the perusal of those 


interested in the improvement of the sanitary con- 


dition of rural districts, and it will be especially 
useful to those who, although they have not to deal 
with sanitary matters professionally, are yet desirous 
of making themselves acquainted with the correct 
principles of rural sanitation, 





The Discount Guide: comprising Several Series of Tables 
for the Use of Merchants, Manufacturers, Ironmongers, 
and Others. By Henry Harpen. New Edition. 
London : Crosby wood and Co. 

In about 500 pages are contained eight series of 

tables. The first series refers to goods bought 

direct, and consequently subject to no commission, 

It comprises 35 tables, commencing at net values, 

and advancing in a ratio of 2}, to 85 per cent. 

table is divided into six columns, the first showing 

the advances on cost price, the second the profits 

due to the advance, and the remainder the residual 
profits after allowing various deductions from 2} to 

50 per cent, 

he second series is similar to the first, only that 

it refers to goods bought of an agent and subject to 
24 od cent. commission; the third series is also 
similar, but subject to 5 per cent. commission; and 
the fourth is auxiliary to the three first, and is used 
for goods that have been bought, subject to two 
discounts, one from the gross and the other from 
the net, 

The fifth series shows the rates at which cost 
prices must be advanced to produce, at one opera- 
tion, a sum that will realise a required profit, after 
having allowed one or two discounts, and includes 
35 tables advancing by 24 per cent. to 85 per cent, 
The sixth includes, 72 tables, and shows the gross 
amount to which any sum from 1d. to 20s,, and from 
1d. to 100/. must be advanced, so as to admit of a 
deduction therefrom at the same rate per cent, 
without injury to the principal. The seventh series 
has 79 discount tables commencing at 1} per cent., 
and advancing by that ratio to 982 per cent., and 
the eighth series has 49 tables, referring to com- 
missions from 1s. to 1000/., and advancing from 4 to 
cent, to 10 
per me ey for sums varying from 1s, to 
10004. of these tables are well arranged and 
clearly printed, and the collection will be found of 
great value in those businesses for which the book 
has been especially compiled. 





Le Chalumeau, Analyses Qualitatives et Quantitatives. 
Oty JANNETTAZ. Paris: J. Rothschild. [Price 
Trancs 


This calles little work is a free translation 
of the treatise by B. Kerl, combined with numerous 
additions derived from the works of Berzelius, Platt- 
ner, Bunsen, Merz, and H. Rose. ‘The book is 
, of which the first deals with 
qualitative, and the second with quantitative ana- 
lysis, while the third is an appendix, treating espe- 
cially of the application of the any cy to minera- 
logical investigation. Altogether the book forms 
a very good and compact practical guide to the use 
of the blowpipe. 





AMERICAN PatTEents.—The business of the United States 
Patent Office has steadily i since 1857. In that 
year 435 patents were issued; in 1876, the corresponding 
total was 17,026. 


AMERICAN TELEGRAPHY.—The telegraph lines and offices 
of the Baltimore and Ohio Railroad, including its various 
divisions and branches through to Cincinnati and § 
have been transferred from Western Union Telegraph 
Compeny to the Atlantic and Pacific Telegraph Com 
which has thus acquired 140 new offices and an i 
route for its Western business. The local business of the 
Marietta and Cincinnati division will be included in the new 
arrangement, May 1. 
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THE PENNSYLVANIA RAILROAD; THE MORRISVILLE BRIDGE, N.Y. SPAN NO. 1. 
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THE PENNSYLVANIA RAILROAD. 
No. XIII.—BrmwGEes—(continued). 


Tue Pennsylvania Railroad Company has wisely 
bestowed great care and attention to its bridges, and 
differing from the almost universal American 

ractice by which contractors prepare their own 
} rer it has an engineer of bridges and buildings, 
whose special duty it is to furnish plans for all new 
structures, and attend to the inspection of those 
already built. In the case of new bridges the plans 
are carefully prepared in every detail under his 
direction, and specifications and full bills of ma- 
terials are drawn up on which contractors bid, and 
to which whoever builds the bridge must strictly 
conform. By this means a proper quantity 
and quality of material for strength, and first-class 
workmanship, such as can be obtained in no other 
way, are insured. The plans for each bridge are 
carefully digested and matured before being ordered, 
improvements suggested by experience with existing 
structures being made in almost every new design, 
and the principles of construction fully kept up to 
the highest standard of European and American 
practice. The bridges are now computed to a 
variable load of 14 tons per foot lineal of each track, 
increasing to 2 tons per foot for the floor systems 
and certain individual members of the trusses, and 
in case of very short span girder bridges running up 
to 3 tons and even 4 tons per foot, (These are tons 
of 2000 lb. each.) The limiting stresses for wrought 
iron are takenat 10,000 lb. persquare inch for tension, 
and 8000 lb. for compression on short prisms, due 
allowance being made for the lengths of columns in 
comparison with their diameters. In addition to the 
weekly and sometimes almost daily inspection of 
the bridges by those in direct charge of them, the 
engineer of bridges and buildings makes an annual 
advisory inspection, overlooking them all carefully, 
noting their action under service, and suggest- 
ing any improvements and repairs that may be 
necessary. On the main line between Philadelphia 
and Pittsburgh there are 15,970 ft. lineal of iron 
bridging, and only four wooden bridges, amounting 
to 4530 ft. lineal, one of which, Susquehanna Bridge, 
3682 ft. in length, will be replaced with iron this 
year. 

We may now proceed to describe some of the 
principal bridges recently erected by the Pennsy]l- 
vania Railroad Company, which either have or will 
be illustrated by us, 

In our issue of January 26th last, we illustrated 
by a two-page plate, and on page 204, by a perspec- 
tive view, the road bridge erected at Fortieth-street, 
Philadelphia, by the company. 

This bridge is designed on what is called in 
Europe the Ordish stiffened suspension plan, the 
general principles of which were, however, developed 
and published by Mr. S. Whipple, a well-known 
American engineer, as long ago as 1847, to whom 
due credit must be given, although much is owed to 
Mr. Ordish for the exceedingly able manner in which 
these principles have been carried out in the great 
and important bridges he has erected, and we do not 
mean to infer that the idea may not have been as 
original with him in Europe as with Mr. Whipple 
here. The bridge is in three spans with a total 
length in the clear between abutments of 32] ft, 103in. 
It has two trusses with outside sidewalks, the whole 
construction, including towers, being of wrought 
iron, except the long pedestals and ornamental finish 
of towers which are of cast and galvanised iron. The 
suspension cables are of wrought iron upset weldless 
links with pin connexions, ‘The lower chord com- 
pression and stiffening member is of boiler plate in 
combination with rolled beams and angles, and from 
this are suspended at intervals wrought-iron built 
cross girders supporting longitudinal timber floor 
joists for the road and sidewalks. These are covered 
with a sub-flooring of 2 in. white pine plank, the 
roadway having on top of this a flooring of 3 in. 
white oak, and the sidewalk a tongued and grooved 
flooring of 1} in. yellow pine, dressed. 1t will be seen 
that the horizontal pull of the main cabies is taken by 
the lower part of the stiffening member of the truss, 
as Mr. Ordish has done in the Albert Bridge, 

The principal dimensions are as follows : 


Clear span between abutments measured ft. in. 


on centre line of street... ia .. S821 102 
Centre span centre to centre of main 

towers... ain wee ee ~~ we.® 
End spans, centre of tower to centre of 

end pin ... = ats Ses 69 6 
End spans centre of tower to face of 

abutment ... 66 5) 


Distance, centre to centre of cables on ft. in. 

square... ule me hed aa 4 0 
Distance, centre of cable to centre of 

hand railingon the square... wie 0 
Width of bridge, centre to centre of 

hand railings on the square . 60 0 


Angle of skew of centre line of bridge 62° 35/47" left 

The railway bridge erected near the Morrisville 
station on the New York Division of the Pennsyl- 
vania Railroad is an example of the single inter. 
section triangular truss recently again adopted by 
the company for small spans, but with improved 
details. The illustration on pages 242 and 243 
show clearly the construction of this bridge, or 
rather of the spans built upon this type. Fig. lisa 
side elevation of the girder, Figs. 2 and 3 show the 
construction of outer diagonals, and Figs. 4 and 5 
the middle pair of diagonals; Figs. 6 and 7 the 
vertical struts; Figs. 8, 9, 10, and 11 the horizontal 
transverse bracing ; Figs. 12 and 13 are details of 
the end roller bearings; Figs. 14 to 25 show the 
connexions between horizontal members and vertical 
struts, and the latter and tie-rods, and the various 
other connexions throughout the bridge. Figs. 26 
to 31 are diagrams showing the arrangement of 
bracings, &c. 

The superstructure is constructed on the tri- 
angular system, and consists of four spans square to 
the line of the railroad, three of them deck bridges 
of three trusses and one a half through bridge of 
two trusses, numbering from the west end, the 
railroad being double track with a curvature of 
54 deg. to the 100ft. The trusses throughout are 
composed entirely of wrought iron, having wrought- 
iron upper chords of channels and plates, wrought- 
iron upset weldless link lower chord, wrought-iron 
braces all with link ends upset without weld. All 
joints are made with pin connexions, and sleeve nuts 
are introduced in the laterals and diagonals, The 
deck spans have timber floor beams, and the half- 
through span wrought-iron built cross girders, 
white oak track stringers being used under the rails 
throughout. The bolsters and abutment plates are 


of wrought iron. The general dimensions are as 
follows: 

Span No.1: ft. in. 
Distance, centre to centre of end pins ... 73 6 
Number of panels ... eee ove 4 

os sub-panels 8 
Length of each panel ee 18 4 
a sub-panel ... een fies 9 24 
Height of truss, centre to centre of 
chords... eee eve Sie ' 3 
Distance centre to centre of trusses 9 9 
Spans No.2 and3: 
Distance, centre to centre of end pins... 53 6 
Number of panels ... ane ove 4 
- sub-panels 8 
Length of each panel ia 13 44 
- sub-panel... ove ai 6 8} 
Height of truss, centre to centre of 
chord ae po es a 5 6 
Distance, centre to centre of trusses 9 6 
Span No, 4: 
Distance, centre to centre of end pins ... 57 6 
Number of panels ... “ int 
a sub-panels 12 
Length of each panel “od 9 7 
ai sub-panel ... she pom 4 9 
Height of truss, centre to centre of 
chords : au oa fe 5 9 
Distance, centre to centre of trusses 26 6 


In the fourth span the cross girders occur at every 
sub-panel. 

The approximate quantity of iron in the bridge 
amounted to 205,300 Ib. A 

The upper chord consists of a top plate 19 in. 
wide, with two channel irons 9 in. deep and 3 in. 
wide rivetted to the underside 6 in. apart (Fig. 12). 
These channel irons are stiffened at the occurrence 
of the two end struts by plates 18 in. long by 6 in. 
deep (Figs. 14 and 15), and from the middle of each 
end panel by a continuous plate of the same depth 
(Figs. 1, 18, 19). At each end over the bearings 
the chords are similarly strengthened. These bear- 
ings are shown in Figs. 12 and 13. They consist of a 
wrought-iron plate 18 in. by 20}in., to which is 
secured by countersunk rivets a second plate upon 
which the rollers rest ; these are 3 in. in diameter, 
and 10} in. long; they are 3 in number, and are 
connected by a plate and pins set into the centres 
of the rollers. On the _ of the latter rests a 
curved plate to which the cast-iron saddle is 
rivetted. The form of the saddle is shown in the 
details, It is 12in. wide at the base, and is jin. 
thick. As will be seen, there are four bearing plates, 
the middle pair about lin. apart and the outer ones 
3in, from the others. The bearing consists of a 
semicircular recess 3}in. in diameter, in which the 





Total span, ce ntre to centre of end pins 328 0 





end pin is seated. Upon these pins are placed the 





pair of diagonal links, which are 4 in. wide and 
1g in. thick. The bottom chord consists of two 
outer links 5 in. deep by ld in., and a single one in 
the middle of the depth is 1} in. thick. The vertical 
struts, Figs. 6 and 7, are 7 ft. 3 in. long, from the 
centre of the lower chord pin to the middle of the 
upperchord, They are composed of light channel 
irons, with the flange cut away at the top and bot- 
tom for attachment to the top and bottom chords. 
The bottom is however strengthened with a stiffen- 
ing plate (Figs. 6 and7). Theattachment to the upper 
chord is effected by two short angle irons (Fig. 21) 
rivetted to the underside of the channel irons of 
the chord, and three rivets to the web. The two 
bars forming the strut are stiffened and kept apart 
by means of 9 distance ferrules and rivets passing 
through them (Fig. 6). They are, moreover, 
strengthened on each side by diagonal bracing. It 
will be noticed that the bottom of the strut rests 
upon the pin of the lower chord, a semicircular 
recess being cut‘for it as shown. 

The outer pair of diagonals (Figs. 2 and 3) are 
built up of two channel irons 7 in, deep and weigh- 
ing 634 lb. per yard, strengthened by two plates, 7 in. 
by } in., rivetted to them on the inner side, At each 
end a plate 12 in. long is rivetted on to the diagonal, 
with a hole formed in it for the pin connexions, 
the diameter of that for the upper chord being 3 in. 
and for the lower 3}in. ‘The length of the diagonal 
between centres of pin holes is 11 ft. 9; in., and in 
the centre of its length it is provided with a cover 
plate on each side 18 in. long. Six other connecting 
strips, as shown, Figs. 2 and 3, also couple the 
channel irons of the diagonal. Figs. 18 and 19 
show the connexion with the top chord and the ties, 
which are double and 3 in. by 1}in. The pin which 
passes through them is 3 in, in diameter, and on the 
inside is extended,34in., and formed as an eye to re- 
ceive the horizontal bracing. Figs. 14 and 15 show 
the connexion between the strut, diagonal, and 
links forming the bottom chord, The diameter of the 
pin is 3}in., and it will be noticed that the diagonal 
on each side of the channel irons is strengthened 
by an additional strip, the lower end of which is 
recessed with a semicircle that embraces one half of 
the pin. Figs. 4 and 5 show the centre pair of dia- 
gonals, which are somewhat like those already de- 
scribed, except that the channel irons are placed 
further apart (4Zin.), and are kept in position by 
distance ferrules and rivets, being strengthened also 
by a diagonal plate bracing as shown, and by a 
centre cover plate ; connecting strips are also added 
at eachend, As in the other diagonal, to both ex- 
tremities plates are rivetted with 3in, and 3} in. 
holes formed in them, for connexion with the top 
and bottom chords, 

The horizontal bracing is shown in Figs. 9, 10, and 
11. It consists of two bars 3 in. deep and 3 in, thick, 
bulged and connected by rivets and distance pieces 
at intervals of 12 in. and placed between the upper 
chord of each pair of girders at intervals of 
9 ft. 25, in. The ends of these braces are attached 
to the pin connexions of the girders, or to brackets 
rivetted to the inner side of the upper chord. The 
panels between these braces are occupied with dia- 
gonal horizontal tie rods j in. in diameter, as shown. 
‘The lower chord is braced in a similar manner, but 
the panels are 18 ft. 45 in. long. A light diagonal 
transverse bracing passes from the top to the bot- 
tom chords as shown. Fig. 27 is a diagram of the 
different parts of the girder, Fig. 26 is a diagram 
of the upper, and Fig. 28 of the lower chord. Figs. 
29, 30, and 31, are diagrams of the various systems 
of bracing. Theleading dimensions are marked on 
these figures. 


THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EDITOR OF ENGINEERING. 
Srr,—I am glad you have taken in hand the monstrous 
proposal to create in the Institution of Civil Engineers a 
class intermediate between Members and Associates. _ 
As an Associate I strongly object to any such innovation. 
There are many Associates not ‘‘ actually engaged in some 
of the branches defined by the Charter as constituting the 
profession of a civil engineer,’’ yet of whom it would be 
untrue to say they are not engineers. Now the effect of 
the proposed change would be to emphatically stamp these 
men as “not engineers,” since they would not come 
within the scope of the proposed qualification for ‘‘ Asso- 
ciate -Member.” Hence the suggested change would 
operate most unjustly, as it would derogate from the 
honour and position already conferred upon the persons 
concerned. 
If every one had his due, many now Members would be only 
Associates, many Associates would be Members. Much 
of the work for which Members have taken credit has been 
done by Associates. 














This being so, 1 say, with you, confer upon those who 
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ought to be Members the honour to which they are entitled ; 
but do not, by creating an intermediate class, place in an 
anomalous position those who ought to be honoured, and 
above all, I say, do not degrade those who remain in the 
class of Associates, to which they were elected when the 
title was worthy of being sought. 

Yours, &c. 


AN AssocrATE. 
Lewisham, S.E., March 26, 1877. 





To THE EDITOR OF ENGINEERING. 

Srr,—I have been actively engaged in the pursuit of 
engineering for the last 35 years. I studied at King’s 
College, I served my time at the works of an eminent 
engineer, I was for years active partner in a firm of manu- 
facturing engineers, and for about 17 years I have been 
in practice as a consulting engineer on my own account, 
having, as such, charge of a large amount of machinery 
in different establishments ; besides which, I have, during 
that time, designed and superintended the construction of 
machinery to the extent of many th d pound 
A year or two back I consented to be put in nomination for 
the Institution of Civil Engineers. My friends considered 
that I should be made a Member. The Council, in their 
supreme wisdoms, dubbed me ‘‘ Associate.’’ 

Now, Sir, I am bold enough to assert that I am not a 
young engineer, also that I am not altogether an unknown 
engineer, but I do not happen to have been sufficiently in 
the Great George-street ring, so an Associate I was made, 
and an Associate I still am; let me add an Associate I 
would remain, in preference to being converted into an un- 
known quantity, whether as ‘ Associate - Member,” 
‘Junior Member,’’ ‘‘ Engineer-Associate,” or any other 
makeshift. What I maintain is, that, in point of education 
and experience, I am at least as well qualified for member- 
ship as many who are Members, and I know of many 
others situated as Iam. I think it disgraceful that we 
should be trodden down by a clique. 

I do not take the bait held out; those nominally raised 
would be in no better position than now—those who 
remained Associates would be sti ised. The entire 
business, in my judgment, reflects discredit upon the 
proposers of the change, which I, for one, shall strenuously 
oppose. Enclosing my card, E 

I am, Sir, your obedient servant, 
An ENGINEER OF MANY YEARS’ STANDING. 

London, March 27, 1877. 








To THE EDITOR OF ENGINEERING 

Srr,—You are authorised to publish the following case 
and opinion thereon for the information of your readers : 

Case.—The majority of the members of a corporate body 
being of opinion that they have been deprived of certain of 
their rights, through the trades union policy of a minority 
of that body, you are requested to advise whether by some 
unsubstantial concession this feeling of irritation may not 
be readily allayed or even converted into a demonstra- 
tion of gratitude for the generosity of the minority. 

Opinion.—Not so. The majority will probably remem- 
ber that I had occasion, upwards of two centuries ago, to 
remark that ‘‘ What seems to be generosity is often no 
more than disguised ambition, which overlooks a small 
interest in order to gratify a great one.” 

Case.—Elections into the minority have been conducted 

strictly upon the bases of the great truths underlying the 
principles of trades unionism. For inst » it t 
clash with the interest of the minority to receive into their 
body the head or the agent of a firm of mechanical engi- 
neers, especially if his experience be confined chiefly or 
exclusively to the financial elements of the business ; but it 
would for obvious reasons be both unjust and imprudent to 
admit to the same privileges the managing engineer of the 
same works, or any one of the large body of anonymous 
engineers which furnishes the executive staff for every im- 
portant work in the kingdom. You are requested to 
advise as to the best method of ting an impending 
charge of receiving the class first described with effusion 
Fw +p those who have the greatest claims under the 
charter. 
_ Opinion.— Admit the charge frankly and_ attribute 
it to the frailty of human nature. As I had occasion 
to remark upwards of two centuries ago, ‘“‘ Everybody takes 
pleasure in returning small obligations, many go so far as to 
acknowledge moderate ones, but there is ly any one 
who does not y great obligations with ingratitude.” 

Case.—One of the necessary evils of engineering is the 
creation of a dangerous class of men known as contractors 
and contractors’ agents, who, from their extended ex- 
perience and training, might at any time injuriously affect 
the vested interests of certain members of our body 
corporate, and who consequently have been rigidly sup- 
pressed. It has nevertheless been notified that many in- 
convenient anecdotes bearing upon the alleged incompetency 
of gentlemen honoured by our diploma M.I.C.E. have been, 
and are being circulated by the said obnoxious class of 
men, and you are requested to advise whether the pre- 
ceding affix, coupled with a proper reticence in the ex- 
pression of an opinion on any professional subject, &c., 
proper gravity of demeanour in emitting truisms, may or 
not be relied upon to confute the current scandal. 

Opinion.—Certainly not. The letters M.I.C.E. have 
no value plus or minus as qualification, and as for 
gravity of demeanour it is played out. As I had occasion to 
remark upwards of two centuries ago, ‘Gravity isa 
mysterious carriage of the body invented to cover the 
defects of the mind.” Yours obediently, 

RocHEFOUCAULD. 











To THz Eprror oF ENGINEERING. 
Str,—I am sure you will receive the unanimous thanks 


of all well-wishers of the Institution of Civil for 
the article in the last number of your valuable paper, in 
which you review the proposed in the constitution 





of the Institution, as it is notorious that the object of the 
ee A to se to — ~ ps of the — 

yy sacr ose Associates, who for so many years have 
been untainty and arbitrarily shut out from their just 
rights and proper position in the Institution, and this Pe 
now wish to do, forsooth, under the cloak of benevolence 
and loving-kindness to ‘‘ their younger brethren.”’ 

The Council has used its best endeavours to keep out 
from the class of Members all those who might in any way 
prejudice their personal interests, and it has been felt that 
unless the candidate for Membership found, at the time of 
election, a godfather in the Council, or was a lawyer, 
manufacturer, retired Royal Engineer, or something of the 
sort, he would ——- classed an Associate by this 
irresponsible body, and kept there as long as possible. But 
all evils tend in time to neutralise themselves, and it has 
come to ye that these so-called Associates feel at present 
rather pleased to belong to a class where they find such 
good company, and foresee that in a short time it will be 
more honourable to be an Associate than a Member of the 
Institution. 

Now this is just what does not suit the Council of that 
Institution—which to its everlasting shame black-balled 
George Stephenson—and in defiance of the just claims of 
the so-called Associates to be recognised as Members, and 
of the bye-laws which stipulate that ‘‘ it shall be the duty 
of the Council to adopt every possible means for the 
advancement of the Institution,’ they have been for about 
twelve months eo J their brains to hit upon some term 
by which to brand their “‘ younger brethren,” so as to 
distinguish them from themselves, and to counteract the in- 
fluence they are obtaining in the Associate class. We 
know in what a high-handed manner the affairs of the In- 
stitution are managed by the clique which has for too long 
been tolerated at its head, and unless checked now by 
nena opinion, we shall see the Associates driven into that 

usus nature the Associate-Member ¢lass, where they may 
fairly consider themselves shelved for life. 

The Associates have been a patient and long-enduri 
race, but I cannot help thinking that the time has arriv 
when they will firmly maintain their rights, and not allow 
themselves to be further pushed into the gutter. 

I am, Sir, yours, &c., 6 
ID. 


To THE EpIToR OF ENGINEERING. 

Srr,—I have read with interest your leading article on 
the above subject. 

Asa ‘‘Member’’ of the Institution of Mechanical Engi- 
neers, I consider myself more especially a mechanical en- 
gineer ; negatively Iam a civil engineer, in that I am not a 
military one, but any other claim to the name of ‘“‘ civil 
engineer’’ is due only to any native charm of manner I 
may possess. 

I have, however, for some years been an “‘ Associate’’ of 
the Institution of Civil Engineers, and until this proposal 
to change our title was mooted, I have been as content 
with the status it gave me as in the nature of things any 
man can be who has not arrived at the dignity of the class 
immediately above him. 

Since, however, we have become so powerful a party in 
the Institution that is necessary to subdivide us, my object 
in writing to you is to submit my ideas as to the best mode 
of remedying this alleged evil. 

It seems to me that the present situation has arisen from 
one cause only, namely, that all the ‘‘ engineers ’’ who are 
now ‘‘ Associates’ are in their one place, and should 
have been elected as Members or not elected at all. 

No one will pretend, for one moment, that the fact of 
being a Mem is a true gaugeof relative ineering 
merit! In the upper strata of members it may be so toa 
certain extent, but as you truly say, the lower strata 
of Members proper is overlapped considerably oe upper 
section of the Associates, and while on this delicate sub- 
ject of relative professional merit, I think that the greater 
part of this diffical about names and title arises from 
the fact that the said titles are really no gauge of merit, 
i.e., merit of a purely technical character. : 

As a profession we have not, nor can we ever have in 
the nature of ow, a fixed standard of ‘‘ examination,”’ 
and consequent diploma degrees, &c., therefore the title of 
‘‘ Member”’ conveys to the public no such a of 
ability as does the M.D. of the doctor of medicine, or the 
M.A. degree of a university man. ; 

To obtain the rank of Member in the Institution of Civil 
op requires only interest, friends who know you, 
and an undefined amount of work supposed to have been 
carried out by the candidate, or, better still, to have the 

ift of business “‘ success,’ and to be able to utilise the 
ents of other men as well as the forces of nature. __ 

Now putting aside, for one moment, that part which 
belongs to the internal economy of the Institution, let us 
look upon this exclusive policy in refusing the rank of 
‘* Member ”’ to those Associates who are “‘ engineers,” and 
worthy of it, from the view of its effect upon the pro- 
fession. 

I think few of us who are masters but will admit the 
claim of many of our assistants to the title of ‘‘ Member ;”’ 
in an engineering sense they have the same right to use it 
as has the assistant of an eminent doctor to use his title 
of M.D. degree. An eminent M.D. is eminent because 
his personal talent or good fortune has made him so; but 
because he is so fortunate, he does not at once want to 
find for his less fortunate associate and assistants a lower 
titl 


e. 
I consider the title of ‘‘ Member’’ should be given to 
those who are “‘engineers,’’ and are now only called 
Associates, and that in future no ‘‘ engineers’’ be admitted 
into the Institution ex into the class of Members ; thus 
the Associate class would soon again represent what it was 
> intended to be. : 
it is considered advisable to provide for a class of 
engineers inferior to that of Members, well and good, but 





let it be a new title, and let those who are elected to it 


caottar to Ske teebeaal icenahontna = 6 Meee come 

ma’ ro scheme of giving us a rid name 

after we have been elected as ‘ Associates,”’ a title which 

from force of circumstances, conveys to the public a very 

favourable impression of a man’s status, especially in cases 

like my — where men are, perhaps, telegraphic, me- 
, or eers. 


_ I quite admit, however, that in 
ciates who are “civil” engi and in the House 
before committees, &c., that it is a vantage only to 
possess the title of ‘‘ Associate,” but as a mechanical engi- 
neer, I should very much prefer that the “ civil” be trans- 
lated to the dignity of Member and leave me as an Associate, 
and I think we may undertake to the burden of the 
non-engineering elements of that and trust to our 
own merit to keep up our position with the public. 

But to introduce an intermediate , alters the whole 
state of affairs, and in my opinion those who occupy this 
new position will be neither fish, flesh, fowl, nor pms | red 
herring ; and I therefore see only one mode of equalisi 


the present discrepancy in relative numbers and power, 
that is to increase the number of Members, absorbing into 
that body those among the Associates who are ible 


yo Th pa 
seems to me, ‘ore, e t is 
not for the best interest of the Institution, and that there 
are two modes of ing over the difficulty. 

1. To translate the present Associates who are engineers, 
sl egy ore not eligible as Associates, to the class of 

embers. 

2. If this would, under present conditions, tend too much 
to lower the dignity of the class of Members, then make 
the Associate for engineers only, and throw the onus 
of finding a new name on those of the Associates who are 
not engineers. 

Tam quite aware that this is not quite fair to those 
who not being engineers have been elected Associates in 
accordance with our Charter, but I think the present pro- 
Seaigpa Sproteus ged ta tho watag dacs, och chal 
engineers have in the wro » and sho 
have been Members. At a a 

ours 


i AssocrAaTs,” I.C.E. 


To THE EDITOR oF ENGINEERING. 

S1r,—The thanks of the entire body of the Institution of 
Civil Engineers should be due to you for your article in 
last week’s issue on the subject of The roposed formation 
of a aged oe = jen 2d Associate- ry in which 

ou so clearly point out the dangers incurred by any 
ion from our original Charter. It is evident that a mis- 
take made nearly forty years is not to be remedied by 
another now, and the formation of the new class 
becomes, therefore, a matter for very serious consideration 
by our Council, and it ought not to be a matter of feeling 
any one class amongst us that we will not have our title 
altered, even should the Institute suffer; but from the altera- 
tion of title of which class, if such is necessary, would the In- 
stitution derive most benefit and become reconstituted ac- 

cording to Charter P 

It seems to me that the governing of the Institution, 
though willing to welcome into its members of the 
profession as iates, thereby gaining increase in strength 
and income, they have not shown that same amount of 
generosity, or I would say justice, in promoting those Asso- 
ciates to the cluss of Members. he bye-laws on that 
subject are very nicely drawn up, as by them it is possible 
to advance a friend and keep back a stranger, having equal 
or even greater qualifications, and it is this injustice on the 


of t ing party that has brought the Institu- 
ion to the present Howl. 


If an engineer is not qualified to become a Member he is 
as an engi not qualified to become an Associate, and 
should, therefore, remain without the pale of the Institu- 
js — such time as he is in a position to become a 

ember. 

Starting, therefore, on that basis, I maintain that the only 
proper and just way of rectifying the mistake made is by 
the gradual transfer of engineers now Associates into the 
class of Members, and the exclusion from the Institution 
of engineers not — to become Members; by that 
means in a very few years the classes of Member and 


; acco! 
the would be ual, no class” 
of the Institution ee per from an  edinnts i 





influx to 
its members. I admit that eventually there would be more 
Members than at present ; then let those gentlemen whoform 
the Council,jand who are at the top of the profession, if they 
consider themselves lost in the multitude, adopt the title as 
‘ou suggest of Fellows. There cannot be much reason in 
their objection to give up the title of M.I.C.E., as I have 
more than once seen the letters M.C. I.C.E. after a name, 
which I presume means ‘‘ Member of Council,’ surely 
‘Fellow’ would be preferable.”’ : 

The principal addition to the class of Associates is now 
from the pupils of the Institution. I would, therefore, 
suggest, that, as by excluding engineers not qualified to 
become members great injustice would be done to many. 
Pupils remain pupils, and engi wishing to join the In« 
stitution might become until such time as they are . 
“Fi scenes in the rough, and want detail 
al are in the rough, and wan’ 
to make them complete ; but I venture to think that they 
form the foundation of the only true means of 
to all classes of the Institution, and for the advancement 
and general good of the Institution as an Institution. 

Apologising for the length of this letter, 





Iam, Sir truly, 
March27,1877. 9“ Onrarwat Cuapran.” 
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THE VERDON CANAL; SYPHON ACROSS THE VALLEY OF SAINT PAUL. 
(For Description, see opposite Page.) 
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BRUNTON AND TRIER’S STONE-DRESSING MACHINE. 
CONSTRUCTED BY MESSRS. A. RANSOME AND COMPANY, ENGINEERS, LONDON. 
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We illustrate above a new and highly efficient stone- 
dressing machine, which has been designed by Messrs. 
Brunton and Trier, of the Battersea Foundry. The ques- 
tion has occupied their attention for several years past, 
and not until they had thoroughly tried and proved their 
invention did they draw the attention of stone-merchants 
and the public to it. On the afternoon of last Thursday 
week, however, there was a large gathering at Messrs. 
Allan Ransome and Co.’s Foundry, at Battersea, to witness 
its working. 

The peculiarity of this machine consists in the con- 
struction of the tool and its mode of acting. In this lies 
the secret of the success with which we saw it dress the 
hardest granites and the most wearing of grits. Granite, 
Cragleith limestone, and other stones were operated upon 
with uniform success one after the other. The cutters 
revolve rapidly over the stone, taking off large chips as 
they go, the wear being almost inappreciable and the rate 
of dressing exceedingly rapid. For instance we saw 
1} ft. superficial of granite dressed per minute and 2 ft. 
per minute of an exceedingly hard gritstone and other 
stonesin proportion. Some of the softer limestones were 
really disposed of like so many lumps of cheese. It is note- 
worthy too that with the hardest stones no sparks were 
emitted, and this with the cutters revolving at a speed 
of about 1200 revolutions per minute, and the chuck in 
which they were held at about 500 revolutions per 
minute. Good arises and corners also were left in fine 
work with granite; in short, the machine peffectly 
supersedes hand labour as respects the quality of the 
work, and far outstrips it as regards the quantity 
executed in a given time. 

Our engraving represents at Fig. 1 a side elevation and 
at Fig. 2 a front view of one of Messrs. Brunton and Trier’s 
granite surfacing machines, Fig. 3 being a section of the 
chuck with the cutting tools. The machine we saw at 
work at Battersea was similar in principle, but it was the 
first machine made, and was only intended for light work. 
Nevertheless, as we have already stated, it does excellently 
well with granite. French burr has even been dressed by 
it, samples of which were exhibited. The machine at 
Battersea moreover was driven by belting, whilst that 
illustrated—and in fact all future heavy machines—will 
be driven direct by one of Messrs. Brotherhood and 
Hardingham’s three-cylinder engines, as shown. The 
machine consists of a foundation plate and standards 
carrying the dressing apparatus. The stone is carried 
on a travelling table to which it is fixed. The chuck is 
attached to a hollow shaft by which it is revolved. 
Through the centre of the chuck-shaft passes a spindle 
- which an independent motion is imparted, and to the 
‘ower end of which a bevel wheel is attached, gearing 
a three bevel wheels upon the cutter arbors—for 
— are three cutters in each chuck. The cutters are 

xed on the arbors by a nut, and the working pressure 
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is sustained by back centre pins. The mechanism is 
lubricated with soap and water, a little water being 
occasionally thrown on the working surface of the stone, 
but this only to lay the dust, for the stones are worked 
dry. The rate of travel of the table varies from 2 ft. per 
minute for granite to 6 ft. per minute for sandstones. 
The depth of cut can also be varied. 

As an example of what Messrs. Brunton and Trier’s 
machine will do, we were shown a small obelisk of Aber- 
deen granite, measuring 4 ft. 3in. high by 10 in. square at 
the base, and 7in. at the top. This stone, as received at 
the works at Battersea, was very rough-hewn, in fact what 
is known as quarry-scabbled. The first side was worked 
twice over in 9 min. 7 sec.; the second, three times in 
12 min. 50 sec. ; and the third, five times in 26 min. 30 sec. ; 
giving a total of about 48} min. for the three sides. 
The reason why the third side required two additional 
dressings was that it was very much “ stunned” as it is 
termed. As a contrast to this it is stated on authority 
that one man would be doing a fair day’s work in dressing 
one side alone of the stone, the machine having dressed 
the three sides in less than an hour. The fourth side 
was left untouched to show the rough surface upon which 
the machine started. From our inspection of the machine 
and its working we are led to the conclusion that Messrs, 
Brunton and Trier have achieved a signal success in 
stone-dressing machinery. We should add that Messrs. 
Allan Ransome and Co.—who are the sole manufacturers 
of these machines—have already several in hand. 








THE VERDON CANAL. 

BrroreE describing the interesting work which forms 
the subject of the engraving on the opposite page, and of 
our two-page engraving this week, we may give a few 
general remarks on the Aix water supply. By a law 
passed July 4, 1838, the town of Aix was authorised to 
construct, at its own cost, a canal fed from the Durance 
or the Verdon, and drawing from its source a supply not 
to exceed in times of lowest water 53.25 cubic feet per 
second. In 1849 the preliminary surveys, &c., were made. 
The quantity of water above named being found insuffi- 
cient, a supplementary concession to draw 106.5 cubic 
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feet from the Verdon was obtained, bringing the total 
supply up to above 160 cubic feet per second, and the 
Government undertook to assist the town in carrying out 
the works. The plans and estimates were finished in 1862, 
which showed the cost of the work to be 354,900/., a cost 
which was very greatly exceeded. 

The canal was designed to irrigate the commune of 
Aix and the adjacent communes, to supply manufactories 
in the neighbourhood, and to give an ample house supply 
to the town of Aix. The volume of water conceded is 
213 ft. per second. The point of outlet is in the com- 
mune of Quinson, where a barrage 36 ft. lin. high and 
138 ft. long is constructed to raise the water level up to 
the sluices. After crossing the valley of Beaurivet on an 
aqueduct of ten arches, and 812 ft. long, the canal enters 
the gorges of the Verdon, formed of steep overhanging 
rocks, leaving a narrow passage for the watercourse be- 
tween them. These gorges extend from the valleys of 
Quinson to the Sanglier Mill, a distance of about 7 miles. 
In this section the canal is formed partly in tunnel, or in 
open masonry conduit. Leaving the gorge it follows the 

erdon valley as far as the Maurras tunnel, the length 
of which is 13,508 ft., and leaving this it extends in the 
valley of Malouric for a length of 19,912 ft. From this 
point the conduit is open and formed in the rock to the 
valley of Saint Paul, which is crossed by the syphon we 
illustrate, terminating at the Rians tunnel, the length of 
which is 1400 ft. Beyond this tunnel the canal runs along 
the flank of the hills between Rians and Meyrargues, 
crossing the valleys of Lauviire, Trempasse, and Lou- 
batas by syphons, and traverses anumber of smaller hills 
by galleries, the length varying from 82 ft. to 1200 ft. 
Above Meyrargues the canal passes into a tunnel near 
Pierrefiche 9978 ft. long, crosses the Parouviére ravine 
by an aqueduct 65 ft. 7in. high and 397 ft. long; then 
follows a section of open channel as far as the Saint- 
Hippolyte tunnel, which is 8116 ft. long, and which is 
under the summit dividing the basin of the Durance from 
that of the Touloubre, which flows into the marshes of 
Berre. This canal terminates in the reservoirs immediately 
beyond Saint Hippolyte. The total length of the work is 
51 miles. 

Among the many interesting works on this large under- 
taking the syphon we have illustrated, and are about to 
describe, is the mostimportant. At an early stage of the 
works a syphon was laid down in the valley of Saint Paul, 
but it failed, and after considerable delay and expense it 
was resolved to recommence this portion of the work, and 
to adopt a double line of pipes, so that in the case of one 
becoming damaged the water supply should not be 
stopped. The diameter of the pipes is 69.29 in. inside, 
enclosed at their ends in the masonry walls. The 
central portion is horizontal, and at the level of the bottom 
of the valley, is connected with the masonry by inclined 
pipes, laid with slopes of 41 and 37 in 100. Where th 
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horizontal and the inclined portions meet, the pipes are 
supported on fixed supports; along the plore? of ite 
length they rest on cast-iron rollers bearing on stone blocks, 
and expansion pipes of special form allow of expansion 
and contraction. The pipes are of wrought-iron throughout 
8165 in. thick for the inclined parts, and .354 in. for the 
bottom. Longitudinally the plates are rivetted up with 
lap joints, and transversely with cover strips, this arrange- 
ment being adopted to prevent any reduction in the area 
of the pipes. The rivets are .63 in. in diameter, and 
1,97 in. pitch, except at the angles, where they are .71 in. 
in diameter ; at these points the widths of the cover strips 
and the number of rivets are doubled. 2 

The bedplates at the angles of the syphon are shown in 
Figs. 11 and 12. They are rigid, as already stated, and 
consist of wrought-iron plates stiffened by T-irons and 
gussets, and rest on cast-iron shoes and stone piers. The 
intermediate supports, Figs. 8 to 10, receive only 
the weight of the tubes, and are formed of wrought- 
fron plates strengthened by angle irons and gussets, and 
rest on friction carriages on stone piers. They are con- 
nected with the tubes by angle irons. On the inclined 
parts of the syphon, care had to be taken to prevent the 
carriage from leaving the supports, and yet not to inter- 
fere with their movement. This is obtained by means of 
an iron lever fixed by a hinge to the lower cast-iron slide, 
and connected to the carriage and the upper slide by two 
bars, the arrangement securing half the traverse of the 
carriage as compared with the tube. The points of sup- 
port are at equal distances apart, except those on each 
side of the expansion arrangement, which are so spaced 
that the strains shall be the same for this as for the 
other spans. The means provided for expansion consist 
simply of a series of swellings in the tubes, so that the 
effects of expansion and contraction are compensated by 
the dilatation of these partings. There are three such 
points in each tube; one in the middle of the horizontal 
portion, and one at each end near the piers or towers. To 
gain a greater elasticity the thickness of the plates is 
reduced to .286 in. The metallic portion of the syphon ter- 
minates at each end in masonry towers (see two-page 
plate). The connexion is made by means of cast-iron pipes, 
cemented into the stonework and bolted to the wrought- 
iron tubes. All bolts and other connexions are placed on the 
outside that they may be easily accessible. Provision is 
made for cleaning the syphon, by two large valves placed 
in the tubes close to the Carmes brook, so that when 
cleaned they can be rapidly emptied ; access is obtained to 
the interior by means of manholes, and also from the in- 
terior of the towers. 

The following is a summary of the cost of the work : 


£ 

Earthworks pa 81,182 

Galleriesandtunnels ... aes 169,024 

Ordinary construction works ... 23,894 

Aqueducts and syphon ... one ee 39,223 

and water intake éée ia 85,770 

Walls, slopes, ments, puddling, &c. 49,506 

Purchase of land ... on dee 27,972 

ae er —. ; “A abi “ ~— 

» pumping, &c. ... ” . 

Staff &o. eee iat ee 989,152 

Administration, printing, &c. ... ese 5,738 
Miscellaneous, including interest of 6 

per cent. for money advanced 155,322 





Total .-. 651,692 
Additional works, estimated to cost about 200,000/., 
are required to complete the work. We should add in 
conclusion that we are indebted to our contemporary the 
Nouvelles Annales de la Construction for the information 
and drawings of this work. 








THE INSTITUTION OF CIVIL ENGINEERS. 
To THE Eprror oF ENGINEERING. 

Str,—You have at last crossed the Rubicon and opened 
the discussion on the proposed changes in the constitution 
of the Institution of Civil Engineers. Your exhaustive 
essay of last week seems to my mind to have but one fault, 


it is a little too long. The roll of the Institution members has Pad 


enormously increased, its prosperity and ition are en- 
hanced far probably beyond the dreams of the founders. 
It would, therefore, be no matter of rise if it were 
found necessary to Leong 4 and amend the constitution. 
Let me advise arony ae king an interest in the matter 
carefully te peruse the Charter and bye-laws and then ask 
himself the question, ‘‘ Where do they fail to provide for 
every requirement of p: ive development?’ The 
answer must be nowhere. hat then ‘‘is there rotten in 
the state of Denmark?’ Is it not the unfortunate depar- 
ture from the perfect design of the founders that is causing 
all the mischief? The attempt to create a superior and in- 
ferior class amongst those in engineering pursuits. 
The Associate class was designed to be of those whose oc- 
cupation allied them to the engi ing profession, but the 
practice of the Council of late years been to fill that 
class with a heterogeneous mixture of all sorts, and whilst 
engineers by wholesale have been condemned to this in- 
ferior le, merchants, commercial men, manufacturers 
and others, certainly not engineers, have been admi 
over their heads into the superior one. 

Of course it is impossible in a society to apply any 
absolute hard and fast line ; good na’ and the desire for 
harmony will submit to much, but if persevered in too 
long, the seething feeling of dissati ion will eventually 
show itself. A subject powerful in numbers will in 





time 
been aroused, no half 


assert its authority, and when once its feelings have 
7 Leader tisfy them 


ever sa 


Two to one is an unworkable proportion of the corporate 


body to be 


ted by three on a Council of twenty. 


If a new hybrid class be created, how will it remedy the 


evil? They 


are to sit as Members.pro 
They will in time inevitably exer- 


the distinction at all ? 


cise their power to alter their’ invidious position. 
a number of gentlemen on that 

verning body, who having kept themselves in the van from 
fhe early ane the Institution, are looked up to as the 
un 


fortunate at present in havi 


ers of the pro 


away can we find as 


cannot sit on the Council as Associates ; if they 
per what is the use of making | better. 


6 are 


fession, but as they pass 
their successors men who will | vious 


the unhesitating support that they received? 
Certainly not, much more ay feelings will prevail, 


and if 


resent! proposal 
not elapse before the rivalry between class and 


carried out, ten years will 
class will 


have created internal dissensions that will lead to the dis- 
ruption of the Institution. Why risk such a catastrophe 


when it seems to me it can so readily be avoided by simply | 1 


largely increasing the roll of the Members proper and thus 


restoring to the 


always contemplated 


erning body that p 
Sakae pw hen Which the Charter 


mderance the 


Of course it may be objected that this will be ‘‘ a water- 
ing’’ of the foreign value of the title of M.I.C.E., but it 
will be long ere such depreciation is felt, if ever, and can it 


be avoided where the followers of a 
the numbers our corporation have 


rofession increase as 
one? Do not forget 


that the field of their operations has widened propor- 


tionately. 


The report of the Council tells us that for weighty and 
obvious reasons it is desirable to retain the time-hono’ 
initials M.I.C.E. Be it so, but it is not obvious why a 


select and limited number of gentlemen who are 
professional civil ¢e 
to add (if they choose) “‘and Fellow.” 


and simpl 
be Ams | 


ineers should no 


y 
also 


This 


would disturb nothing, dissatisfy nobody, and be an 
honourable distinction worth striving for. 

I am, Sir, yours truly, 
Joun Drxon. 


1, Laurence Pountney Hill, Cannon-street, Lond 
March 28. \ 








LEX NON SCRIPTA. 
To THe Epiror or ENGINEERING. 
S1r,—The Daily Telegraph, celebrated for the largest 
circulation in existence, as well as for a special propensity 


it has recently develo 
now proceeds to oped 


sixpence. 


for revolvin 
ighten the 
approved method|of turning a 


round its own axis, 
a ic as to the most 
locomotive engine on a 
Taking for its text the recent sad accident at 


Morpeth,|th . Telegraph proceeds to explain, in the first 


instance, what a 


railway curve is—instancing ‘‘ the curve 


which divides Aldersgate-street from King’s Cross.” 
This curve, ‘‘ far from being unreasonable, is very slight, 


and necessitates little more than a firm application of the | .49) 
But at Morpeth things are very different. 


brake.”’ 


There the curve is very unreasonable, and requires dif- 
ferent treatment altogether. It appears from the veracious 
and scientific Telegraph that in driving round railway 
curves & ** lex non scripta’”’ exists among engine-drivers, 


which is as follows : 


is lew is so perfectly delicious that 


the only way to do it justice is to quote it verbatim et 


literatim. 


“There are two methods of running over a curve. 
Should the driver decide to use the first of these he gets 
up a good pace and then the moment the curve commences 


shuts off his steam, opens his 


tor, and so runs 


round the dangerous corner, with a long, steady, easily- 


going stroke. 


Another method 


is as the curve ap- 


proaches to shorten the stroke of the piston, clap on fu 


speed, and pass the turning by —— more or less to the 
~ A a skilled skater will rush 


category of chances, exac 
across rotten ice, through which an ordinary 


novice wo 


inevitably break. It will remain of course to be seen 
which of these two methods was' adopted at the moment 


when the express was turning Morpe 
mised period of suspense must we undergo 
ied as to which of these 


What an 
before the 
two mirac 


ublic curiosit 
ous “ meth 


Station.” 


is sati 


” was ce ado ted’’ ! 
After this we need not be catecisel to hear that the 
driving wheels of a locomotive are higher then the body 
of the engine itself, that the fact of the rails from 


dington to Bristol running in “‘a perfectly straight 


line’ has been ruinous to the Great Western from a finan- 


cial point of view ; nor need we 


r at the news that 


in running round a curve the inner wheels of a locomotive 


have ‘‘a constant tendency to mount the metals.”’ 


But 


seriously ae the above are actual quotations 
from the Telegraph of the 27th—is it not lamentable that 
a newspaper like this should allow itself to be so egregiously 
such arrant nonsense over the 


hoaxed into propagati 
four quarters of the 


Let us fervently hope t 
— 


lesson from the 
Tuesda: 


on cracking u 


vernment to 


P 


I am your obedient servant, 
Ena@ine DRIVER. 


March 28, 1877 





NOTES FROM THE NORTH. 
Giaseow, Wednesday. 


Glasgon Pig Iron Market.—The warrant market was 

prices were a shade easier. Business 
opened at 53s. 10jd. cash and 53s. 11d. one month, and 
ices receded to 53s. 9d. and 53s. 10d. respectively, and 


quiet on Thursday, 


prices 


hat the Telegraph will take a 
tock it made of itself last 
to the veriest tyro on railway matters, and in 
future leave railways alone, confining its gushing ene 

the Turkish Empire and the British Go- 
e dismay and confusion of the Opposition. 


©8! of Lord Alfred 





the market closed in the forenoon with buyers at those 
rates, sellers 1d. more. In the afternoon prices again re- 
covered from 53s. 9d. to 53s. 10d. cash, and 53s. 11d. one 
month, closing buyers at the higher quotations, and sellers 
at 53s. 11d. cash, and 54s. one month. Friday the 
market was quiet but firmer, and prices were a shade 
. Business opened at 53s. 10d. one month and im- 
proved to 54s. one month and 53s. 104d. cash, the forenoon 
market closing sellers at the higher prices. rs re- 
mained firm in the afternoon, but no business was done, and 
the closing ag eo were—sellers 53s. 103d. cash and 
54s. one month, buyers 4d. per ton less. The week closed 
wae ee aes pee 74d. per ton under that of the pre- 
Aqptemeallia da poloes seceded apa clocleg os thaToren 
morning, a ing at the lowest 
Int touched within four years. Business opened in the 
orenoon as it left off last weeek, but prices receded 
to 53s. 74d. cash and fourteen days. In the afternoon 
53s. 6d. cash, and 53s. 74d. one month were accepted, and 
the market closed with buyers at those prices, and sellers 
$d. per ton more. The market was again flat this fore- 
noon, when a business was done in warrants at 
58s. 6d. to 53s. 44d. cash, also at 538. 6d. fourteen days and 
one month, the forenoon market closing with sellers at 
58s. cash, buyers at the same price with fourteen days 
to Pay. Business was done in the afternoon at 53s. 6d. one 
month fixed, buyers 53s. 4d. cash, sellers 53s. 5d. The 
feeling of heaviness resulting from the general bad trade 
is @ severe upon any improvement, but the price is 
comparatively so low now that there can be no doubt about 
the wisdom of making purchases. Much of the depressing 
effect is doubtless due to the —— unsettled condition 
of the Eastern difficulty. The Continental demand con- 
tinues very quiet, and that for home consumption has been 
smaller di the past week than for a number of weeks 
reviously. Owing to the depression in the trade and the 
Ow prices ruling, several of the makers are taking advan- 
tage of the present opportunity to remodel and renew some 
of their blast furnaces, two at Clyde Iron Works and two 
at Coltness Iron Works having m blown out for that 
yoraete, thus leaving 115 in blast as against 119 at the same 
é last year. Last week’s shipments amounted to 9312 
tons as compared with 8984 tons in the corresponding week 
of last year. A further quantity of pig iron was sent into 
store last week, and the total amount with Messrs. Connal 
and Co., up till last Friday night, was 129,113 tons, thus 
showing an increase of 1182 tons for the week. 
, Manufactwred Iron.—The tone of the finished iron trade 
inclines to droop somewhat. Orders are less plentiful than 
they were, and the competition to secure orders is breaking 
quotations to a small extent. 


Reduction’ of Wages omens Miners and’ Furnacemen. 
—A very general reduction of wages is in progress among 
the miners and blast furnacemen. In a number of instances 
the men are already working on the reduction, and ina 
week Or two the notices will take effect at other works. 
Hitherto the movement has been chiefly in connexion with 
the works belonging to ironmasters, but gradually the sale- 
mineowners will follow suit. As a rule the reduction 
amounts to 6d. per day, which brings down the wages to a 
very low level. In one district it is said that the wages, 
even for six days’ work, will not exceed 18s. per week, 
when the offtakes are deducted from the earnings. 
However ill the workmen may take with the low rate of 
—— they have not yet shown any marked disposition to 
strike. But there is to bea miners’ conference in Glasgow 
to-morrow, at which the present condition of things is to 
be taken into consideration. 


The Wages Question on the Clyde.—In the mean time the 
workmen connected with the ray meme ¢ trades on the 
Clyde are holding in abeyance their demand for an increase 
of wages, in the hope that they may induce their employers 
to consent to submit the question to arbitration. 

Tramways for Dundee.—The Police Commissioners of 
Dundee have recently resolved on constructing a line of 
about 1} miles of tramway, at an estimated cost of about 
11,0001. The gange will be 4 ft. 8} in., there will be a double 
line throughout, and the steepest gradient will be 1 in 23. 


Drainage at Kirkcaldy.—It has been resolved to carry 
out a new drainage scheme for the extended burgh of 
Kirkcaldy at an estimated cost of about 90001. 


Gas Works Undertakings.—Important extensions, and 
improvements have lately been effected at Wishan Gas 
Works from plans by Mr. George R. Hislop, Paisley 
eae me Gas Works. It has been resolved by the Coat- 
bridge Gas Company to erect a new works outside the town 
a little, and some of the contracts have already been let. 

Edinburgh and Leith Engineers’ pees meeting of 
this society was held last week—Mr. Alexander Clark, 
C.E., in the chair. A paper was read by Mr. James Blyth, 
M.A., on ‘* Machines for Converting Mechanical Work 
into Electricity.”’ 





Tue Parent Briu.—Last Friday the resolutions passed 
at the recent conference of the Society of Arts were pre- 
sented to the Attorney-General by a deputation consis 

8. Churchill ldaiewan of the voy | 

Major Beaumont, R-E., M.P.; Messrs. A. Cassels ; E. A. 

Cowper; P. Leneve Foster; James Heywood, F.R.S; A. 

J. Mandela, M.P.; J. Hinde Palmer, Q.C.: H. Danby, 

Seymour ; Mr, Lloyd Wise; H. Trueman Wood; and J- 

A. Youl. Several nae ee te the deputation having ad- 
. in 


dressed the A , he, them, 
promised that the ions should have con- 
sideration. He said he wished to make the Bill a good 
one, which whilst beneficial to inventors should impose no 
undue restrictions public. He was disposed to 
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THE NAVY ESTIMATES. 

THE second debate upon the Navy Estimates, on 
Monday week, threw a little more light, but not 
much, upon the shipbuilding programme of the Ad- 
miralty, The new ‘torpedo ram” is to be a small 
vessel, of ‘about 2000 tons,” and, therefore, only 
an auxiliary to the fleet. No new vessel of the first 
class is to be begun, and it appears our misgivings, 
expressed when the estimates were first presented, 
that the Admiralty are about to let other powers ob- 
tain a distinct lead of usin shipbuilding, are justified 
by Mr. Hunt’s avowal and even defence of the fact. 
He is well aware of the rumour that the Italian 
Government is about to lay down a ship carrying 
guns of 150 tons, and armour of 36 in., against which 
the Inflexible would be powerless, but he defends in- 
action by the dangerous argument that we ‘ with 
our enormous resources, can afford to let the Italians 
get the start in point of time, confident that we 
could at any time catch them up.” ‘It may be so, 
but itis new doctrine at the Admiralty, and the 
Italians have proved themselves able to build rapidly. 
It is possible that their designers have not produced 
thoroughly satisfactory ships in the Duilio and the 
Dandolo, and Mr. Reed has given some ground 
for believing that, after the receipt of certain injuries 
in the unarmoured portions, to which they are un- 
doubtedly liable, they might capsize without 
warning; but, in the first place, this has not 
been established, and is vehemently denied by 
those a for the calculations of stability, 
and in the next, even if the statement be true, 
it may prove in practice irrelevant, for the vessels 
might go through many actions without chanci 
to receive the partic kind of injury whi 
would prove fatal,‘and in the mean time would 
enjoy the full benefit of their thick armour and as 
yet unequalled 





guns. The Italians have already || 


secured a clear start of us, in the possession 
of two Inflexibles to our one—even if the latter 
be individually rather the best ship of the three 
—and if they proceed to add to this squadron 
a vessel of such power as is now talked of, while we 
wait for at least a year before taking similar action, 
we may find our naval superiority compromised in 
an unexpected quarter. The Italian statesmen, who 
are proverbially far-sighted, have in a few years, 
and with but slender resources, raised their coun 
first to independence, and now to a position in whi 
the Italian alliance counts for a good deal in the 
councils of Europe. To make it count for more 
still is their object, and they have doubtless thought 
well how to get the most for theirmoney. They 
have chosen to spend it upon a few ships of very 
great power—the policy which this journal has 
always advocated—and the English nation may 
rely upon it that any line of policy which com- 
mends itself to Italian statesmen is one which will 
need sound arguments to condemn it, In three 
years’ time, if our Admiralty policy is not reversed 
with great, and, as it will prove too late, extra- 
vagant vigour, England will begin to note with 
surprise that, rightly or wrongly, Continental powers 
suppose her to be losing her ancient naval supremacy, 
and she may even find herself slighted accordingly. 
Large and powerful ships, we believe firmly, have a 
moral as well as material value, and the State which 
owns the most formidable ship in the world—or, 
better still, two or three of them—will reap the 
reward of her far-sightedness in an even dispropor- 
tionate increase in the respect with which other 
countries treat her. 

Mr. Reed, in accordance with opinions to which he 
has given increasing expression of late, stated in the 
late debate that he believed ‘‘ the proper answer to 
the large ships would be found in much smaller ships. 
It was quite possible to have a much smaller type of 
ship than the Inflexible, which would have very 

owerful armour, be of great s , and be very 

ormidable indeed.” We do not think such vessels, 
however powerful each might be in proportion to its 
cost, would be the proper answer to the large ships. 
The proper answer, in our opinion, is suggested by 
other words spoken by Mr. Reed on Monday week, 
which we deem exceedingly noteworthy. ‘‘ Our 
policy ought to be framed so as to have reference to 
the two facts that some States were going on in- 
creasing the power of the ship, and that there were 
apparently insignificant means which might be 
effectual for the ship’s destruction.” This states 
the question, though not the answer, with both con- 
ciseness and completeness, 

Other countries are building bigger ships, and big 
ships can beat little ones; that is admitted. But 
there mo eee insignificant means which mighi 
be effectual to destroy the big ships. It is probable 
that by Mr. So-and-So’s patent contrivance, or, per- 
haps more probably, by Lieutenant So-and-Bo's 
contrivance improvised after the enemy comes in 
sight, the big ship may be blown up cheaply. Only 
we have next to no experience upon the subject, 
and no certainty whatever. Harvey torpedoes, 
Whitehead torpedoes, torpedo launches; one, or all 
of them, may do incomparable service, and show 
that ironclads are waste of money. We do not think 
they will show this, but we admit it is just possible, 
Then provide them, of course, for such appliances 
are cheap. They may yield magnificent interest for 
the outlay, while even if their admirers vastly over- 
rate their value they can hardly fail to make some re- 
turn. Let every ironclad carry two torpedo launches, 
and if she cannot, let her design be inns till she 
can; let her bristle with Whitehead torpedo tubes, 
and be replete with every contrivance of the kind. 
Her cost will not be greatly increased by all this, Let 
every contrivance for exterminating big ships cheaply 
be putin force ; but let us remember, in this balancing 
of probabilities, that many torpedo boats will go to 
the bottom, probably, for one ironclad, and let us 
enforce the word “cheaply.” All such means 
must be “ insignificant,” e ‘torpedo ram” of 
2000 tons is not a cheap vessel, and of course does not 
fall under the description of an insignificant means 
of destroying large ironclads. Her place is rather 
among the small ironclads with which Mr, Reed 
seems inclined to meet the large ones—though we 
read the sentence quoted above as implying that we 
ought still to keep pace with other powers in ships 


of the largest class, From what is evidently an 
imperfect report of his s; we judge that he 
would not have us fall be in the matter of large 


ghi y Song be does not care that we should 
sadiere in t respect. Assuming that we state his 


ition accurately (we confess to doubts about thi 

though if it is not {fr Reed’s position it is ae af 
many others) we reply that. ironclads are meant for 
fighting, and that if the answer to a new large ship is 
rightly another large ship, it must be because build- 
ing large ships is the way to get the greatest 
fighting power out of a given sum of money, If 
so, why not always — the agen when money 
is to be spent, in large ships, whether you are 
building ‘‘in answer” to any particular large ship 
or not, seeing that the greatest fighting power at the 
least cgst is the object of all ironclad ship-build- 
ing? It may be replied that ironclads are required 
for other services than heavy fighting ; that small 
ironclads are more suitable for these than large ones; 
and that it is wise to build vessels adapted for both 
p s even if subject to disadvantage in the line 
of battle. ‘To this we answer, as we have often 
done before, that we disbelieve in using ironclads 
for anything but heavy fighting, but that, even if 
the argument be accepted unreservedly, the country 
has already an ample supply of vessels suitable for 
these comparatively non - fighting services, and 
should now give all its strength to the completion 
of the fighting fleet, 

But others oppose the building of very powerful 
ships on different grounds. There are those whose 
belief in torpedoes is so advanced, or as we should say 
so rash, that they would stake the national power 
upon the success of their untried, if promising, 
schemes, and leave us without a single vessel of the 
heaviest class, because those of the enemy may be 
blown up by our torpedoes, and the services of ours 
be unnecessary. But if their schemes break down, 
as they probably would, more or less, where is to be 
our protection against an enemy who baffles our 
torpedoes, and against whom we have nothing else 
to send? 

Others, again, take the more logical view that a 
large ironclad is better encountered—at equal cost— 
by spending the money upon several small ships 
than upon one large one, a view we have combatted 
ye age on the simple ground that an Inflexible 
costing half a million is more than a match 
in battle for the (very insignificant number of) small 
pre which can be built at ge same cost, We 

ill not repeat arguments use uently in this 
journal, and will only say “again that it was not a 
new Agamemnon, or a new torpedo ram, that the 
Admiralty, in the present state of affairs, should 
have proposed to lay down, but a new Inflexible 
with thicker armour and larger guns. 

In view of pedo ngs to spend 80,000/. in buying 
torpedoes it would be unreasonable to say that the 
Admiralty is not giving attention to this question, 
yet we a eee see something done a way 
of fast steel launches, carryin to oes (not 
Whiteheads) of such small lan as A be 
carried on board large ships. Here, again, the 
Italians have the start of us, their sagacity early 
detecting the importance of this adjunct to naval 
warfare. Such launches, troubled with no stores 
nor coals, beyond what might be required fora few 
hours’ steaming; requiring no accommodation for 
crew ; and with only a very moderate degree of sea- 
worthiness, might be extremely small and inex- 
pensive, and might be sacrificed in considerable 
numbers to secure the destruction of one ship. The 
torpedo craft which Mr. Michael Scott, in his very 
thoughtful and suggestive paper read last week be- 
fore the Institute of Naval Architects, proposed 
should be carried on board larger vessels, seems to 
us, however, to be much too large and costly. Boats 
of 22 ft. beam and of co nding length, would 
be most difficult to get in and out of the water ex- 
cept under very favourable circumstances; would 
be large rma to make fair targets, and too large for 
the captain of the ship to feel able to sacrifice them as 
readily as torpedo boats ought to be sacrified, when 
occasion serves, But if even the carrried torpedo 
boat thus tends to outgrow its proper proportions, 
one able to accompany a fleet on its own account 
is apt to grow into a ship, like the experimental 
Vesuvius, of 240 tons—which tonnage, in future 
examples, might be trusted to ually double 
itself. Such ships would be too costly to build in 
sufficient numbers, and too valuable to be even 
risked in a forlorn-hope enterprise—such as nearly 
every useful torpedo service will be. In fact the 
Vesuvius is fitted, not to rush in upon the enemy 
and strike him, so much as to attack him from a 
distance with the Whitehead, or self-moving tor- 

o, work which theironclads themselves will have 





requent ities of doing if fitted (as some 
already are) with proper appliances, and work which, 
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it may be observed, will expose the unarmoured 


torpedo ship to risks to which it appears to us un-| p 


justifiable to expose anything larger than a launch.* 


THE INSTITUTION OF NAVAL 
ARCHITECTS. 

Tne annual meetings of the Institution of Naval 
Architects, which took place on the Thursday, 
Friday, and Saturday of last week in the Hall of 
the Society of Arts, ss far more than the usual 
share of interest which attaches to those meetings. 
They mark in fact what appears to be the opening 
of a new phase in the life of the Institution. Apart 
from the papers read at the meetings, which were in 
value above the average of former years, there were 
several important changes made in the rules and 
regulations of the Institution, and some resolutions 
passed which cannot fail to have a beneficial effect 
upon its future prosperity and usefulness. 

The new rules or bye-laws relate chiefly to the pay- 
ment of the subscriptions of members and associates, 
and are, we understand, rendered necessary by the 
fact that some of those whose names are included 
among the lists of members and associates are many 
years in arrear, and more stringent measures than 
have hitherto been provided for in the bye-laws are 
required to enable the Council to deal with such 
cases, 

One most important resolution arrived at is to 
hold a series of autumn meetings in Glasgow during 
the last week in August, and it is, we believe, in con- 
templation to make autumn meetings at one or other 
of the large ports a permanent feature of the In- 
stitution. 

The resolution to hold the first of these autumn 
meetings at Glasgow arose from an_ invitation 
to Glasgow sent by the Institution of Scottish 
Engineers and Shipbuilders to the Institution of 
Naval Architects. Such harmony among kindred 
institutions deserves honour, and reflects credit on 
all who promote and foster it. 

Another resolution come to this year, equally im- 
portant with the scheme for autumn meetings in the 
provinces, is to offer in the future a gold medal for 
the best paper of the year. The 7ransactions of the 
Institution fave from the first held a high position 
in the literature of naval architecture, and nothing 
will tend more to increase the scientific and practical 
value of the annual volume more than the estab- 
lishment of an Institution gold medal. It will 
certainly soon become one of the most valued 
prizes sought by the rising men of the profession, 
and nothing can advance the interests of the 
profession more than a healthy spirit of emulation. 

The additions to the lists of members and asso- 
ciates are considerably more important than usual, 
and the class of men introduced is the most healthy 
sign we have yet seen of the growing influence and 
popularity of the Institution. There is no use 
ignoring the fact that for a long time the Institution 
of Naval Architects appeared more absorbed by 
naval officers than naval architects, and that its time 
was chiefly occupied by Admiralty affairs, and 
matters of little interest to the mercantile com- 
munity. And this, which was perhaps only the 
effect, has often been put forward by mercantile 
shipbuilders and shipowners as the cause of their 
holding aloof. The autumn meetings, while they 
will do much to popularise the Institution among 
the shipping community in the provinces, will also 
do much to give greater prominence to papers and 
discussions on mercantile affairs. Change of atmo- 
sphere and change of surroundings will help the 
Institution very materially to shift out of some 
of its old grooves. They will be of immense 
value if they only help it to shake itself clear 
of men, who, without being either members or 
associates, or belonging in any way to the In- 
stitution, get up on paper after paper, on which 
they can throw no new light, and distract the 
attention of the meeting by dragging the discussion 
out of its natural direction, while they stand in the 

* In the Table of ships building and to be built, given at 

211, in the number of the week before last, the 
aoe, Northampton, and Shannon, ironclads, were de- 
scribed as ‘‘ not for the line-of-battle.”’ Itshould, perhaps, 
have been added that this is not from any official descrip- 
tion of the ships, but is simply the expression of our own 
opinion of their capabilities. In the present state of our 
own and other navies they would no doubt be put in line, 
but though they might prove a match for most of their 

bable foes, it would not be more reasonable to describe 
hem as fit for such service, in presence of ships like the 
Devastation and Inflexible, than it would have been fifty 
ears ago to describe corvettes or the smallest size of 
rigates as line-of-battle ships. 














way of people rising in the discussion who have a 
racti uaintance with the subject. 

An addition has been made to the Council of 
the Institution of five new members, and it is 
gratifying to learn the new members are all men 
actively engaged in the profession. They are Mr. 
W. Denny and Mr. R. Duncan, well-known ship- 
builders on the Clyde, Mr. W. John, of Lloyd’s 
Register, Mr. Lewis, shipbuilder on the Thames, 
and Mr. W. H, White, of the Constructors’ Depart- 
ment, Admiralty. 

The programme contained seventeen papers, but 
one of these ‘On the Merchant Steamship of the 
Future,” by Mr. Scott Russell, was not read, owing, 
we believe, to the indisposition of the author. 

Of the remainder the most important ones were 
on the Thursday, a paper by Mr. Barnaby, Di- 
rector of Naval Construction of the Admiralty, 
**On the Fighting Power of the Merchant Ship in 
Naval Warfare ;” and a paper by Mr. E. J. Reed, 
C.B., M.P., ‘‘ On Citadel Ships.” Mr. Reed traced 
the origin of citadel ships and referred to a series of 
tentative designs made by him at the Admiralty to 
test the merits of the system, as well as to the still 
earlier efforts of Mr. Michael Scott, C.E., in some- 
what the same direction. Mr. Reed conceded to 
Mr. Scott priority in point of time for the idea of 
citadels, but Mr. Scott, by explaining that his inten- 
tion was to finely subdivide the unarmoured ends into 
water-tight compartments and depend on them for 
buoyancy and stability, instead of on his citadel, 
showed that he had not in reality forestalled Mr. 
Reed, whose main idea centres in the armoured 
citadel being entirely safe in point of buoyancy and 
stability after the unarmoured ends have been 
riddled or shot away. 

Mr. Barnaby’s paper calls for more attention than 
we can at present devote to it, so we must therefore 
postpone a full discussion of it. 

At the Friday’s meeting the ae which attracted 
most attention were: one by Mr. Froude, “ On the 
Results of Experiments upon the Effect produced 
on the Wave-making Resistance of Ships by Length 
of Parallel Middle Body ;” one by Mr. W. John 
* On Strains of Ships ;” and one by Mr. J. Inglis 
“On a Method of Recording and Comparing the 
Performances of Steam Ships.” And on Saturday 
the principal eee was one ‘On the Stability of 
Ships,” by Mr. John 

‘The most important paper of the meetings was 
that of Mr, Froude on Resistance, and we must 
return to it on another occasion. It is unquestion- 
ably true, as was stated at the meetings, that Mr. 
Froude is rapidly upsetting all the preconceived 
notions of hydrodynamics that have long reigned 
and been accepted as established principles, ‘This 
will be a relief to many future students of mathe- 
matics, who will at least be spared the agony of 
having to wade through the old works on the 


Railway Company, while the results it records are 
not signed or vouched for by any official of the 
latter company, and under these circumstances— 
knowing as we do the mistakes often fallen into 
when experiments of this kind are conducted with- 
out special and very complete appliances being em. 
Se ge to guard against errors of observation—we 

ave some hesitation in noticing the trials in ques. 
tion in any way. Inasmuch, however, as the results 
stated to have been attained will no doubt be put 
forward as tending to controvert some of the ob. 
servations we made respecting the recent very com- 
plete trials of continuous brakes on the North 
British Railway, we feel that it is desirable that we 
should publish these new results and say a few words 
concerning them. The train to which the brake 
was fitted consisted—we are informed by the circular 
| —of an engine, ten carriages, and two four-wheeled 
| brake vans, the total weight of the train being 180 
| tons 14 cwt., of which weight 66 tons 4 cwt. was due 
to the engine and tender. The brake we understand 
was applied to every wheel in the train, except the 
bogie wheels of the engine, and thus about 924 per 
cent. of the weight of the train was carried on braked 
wheels. The speeds and distances are stated to have 
been taken by Mr. Osborne, the Superintendent of 
Carriage Works, at Derby, and his assistants, but 
no particulars are given as to the manner in which 
the observations were made, so that we are unable 
to judge of the probable accuracy with which the 
speeds were determined. The results as stated in 
the circular are as follows: 














Speed in /|Time occupied, Distance run 
ony Miles per in making after Brake 
—, Hour. Stop. was applied. 
seconds. ft. 
1 27 114 306 
2 35 It 438 
3 38 144 465 
4 43 1 7 
5 45 15 579 
6 48 164 654 
7 50 173 705 
8 53 174 810 
9 60 174 840 














If the results above recorded be compared with 
those obtained during the trials of the vacuum 
brake on the North British Railway (vide pp. 12 and 
32 ante) it will be at once seen that the brake ap- 
parently acted much more efficiently than was the 
case during the North British trials, and hence we 
are led to search for the reasons for this difference. 
Let us in the first place deduce from the above data 
the mean resistances, in pounds per ton, offered to 
the train during the several stops. These are as 
follows, the influence of the energy stored in the 
revolving wheels being allowed for : 


























, Resistances in Pounds per Ton. 
: 
Speed in Miles per F . . , 
a er een mee oe n after Deduced from Time of Stopping. 
a 
o 
é Per Ton of Total | Per Tonof Load on | Per Ton of Total | Per Ton of Load on 
2 Weight of Train. Braked Wheels. Weight of Train. Braked Wheels. — 
> “ ws “SL Go Ib. 
1 27 192.2 208.1 260.7 282. 
2 35 225.7 244.2 277.5 300.2 
3 38 250.6 271.2 296.0 $20.3 
4 43 294.3 318.5 $29.2 356.2 
5 45 282.2 305.3 316.5 342.4 
6 48 284.3 307.7 $22.9 349.5 
7 50 286.2 309.7 321.7 348.0 
8 53 279.8 302.8 327.6 354.5 
9 60 345.8 374.2 386.0 417.8 











subject, in which nearly everything had to be taken 
on trust, and from which little or no satisfaction 
could be derived because of the unpleasant reflection 
that in nearly every and of the subject the in- 
vestigation had to be d on pure assumption. 
We must reserve a further discussion of the papers 
to a future number, 








THE VACUUM BRAKE. 

WE have received from Mr. Yeomans a circular 
containing particulars of the trial on the 20th inst. 
on the Midland Lor age 4 of a train fitted with 
Smith's vacuum brake, This circular is in no way 
an official document, it having been issued by the 
Vacuum Brake Company, and not by the Midland 


On glancing down this Table it will be at once 
seen that the results stated to have been obtained 
when stopping from a speed of 60 miles per hour are 
quite at variance with those obtained during the 
other stops, and hence we are unable to avoid the 
conclusion that the data referring to this stop from 
60 miles per hour are not trustworthy. The analysis 
above given shows that—as is more or less the case 
with all continuous brake — the resistances deduced 
from the time of the stop are greater than those 
deduced from the distance run, this indicating, 48 
we have explained on former occasions, a greater OF 
less loss of time on getting the brake justly into 
action. Further information as to the romptness 
of application of the brake is obtained, also, by 








comparing the resistances deduced from the low 
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speed stops with those obtained at the higher 
speeds, when of course the brake was in action for 
a longer time. Thus we see from the above Table 
that when stopping from a speed of 50 miles per hour 
(when the brake was in operation for 17} seconds), 
the mean resistance obtained was about 48 per cent, 
greater than that available during the stop made 
from 27 miles per hour, when the brake was 
in operation 11} seconds only. Of course this 
difference is partially due to the greater resistances 
—other than those offered by the brake—expe- 
rienced by the train running at the higher speed, 
but if the results above recorded be compared with 
those afforded by the Westinghouse brake during 
the North British trials, it will be seen that for 
promptness of getting into action, the latter brake is 
much superior to the vacuum. We are particular 
in directing attention to this point, because, as we 
have explained on former occasions, we regard it as 
of much importance. A train running at a certain 
speed may be stopped in a distance of 800 ft. by a 
resistance of, say, 200 Ib. per ton acting uniformly 
over the whole of that space, or by a resistance in- 
creasing from zi/ to 400 lb. per ton ; but although the 
distance traversed in making the stop will be the same 
in the two cases, the force with which the train will 
strike an obstacle situated 400 ft. from the point of 
application of the brake will be twice as great in the 
latter as in the former instance. The brake trials 
on the North British Railway were especially 
valuable in that they afforded the data for calculat- 
ing the foot-tons of energy absorbed by the brakes 
during each 100 ft. traversed by the trains after the 
brakes had been'applied. The more recent trials of 
the vacuum brake on the Midland Railway, of 
course, afford no such information, butas far as we can 
judge from the data recorded, the results appear to 
have been due mainly to an intense application of 
brake blocks during the latter portion of each stop. 

As regards the manner in which the Midland train 
was fitted with the vacuum brake, we may state that 
in addition to the steam ejectors on the engine each 
van was fitted with three double-acting exhaust- 
ing pumps driven from one of the axles, these 
pumps constantly exhausting the air from a vessel of 
about six cubic feet capacity, the idea being to 
maintain a partial vacuum in this vessel, and thus to 
be able to discharge into it a portion of the air con- 
tained in the brake pipes whenever a stop is to be 
made, To establish the connexion between the 
brake pipes and the vacuum chamber the branch 
pipe from the former to the chamber is fitted with 
a cock which can be opened by the guard, and which 
is opened also by the yy of a small india- 
rubber bag connected to the brake pipe. Thus when 
the ejectors on the engine are first brought into 
action this bag collapses, opening the cock in the 
branch pipe, and causing a portion of the air con- 
tained in the brake pipes to be discharged into the 
vacuum chamber, from which, as we have said, the 
sy exhaust. When, however, the vacuum caused 

y the ejectors becomes greater than that in the 
vacuum chamber a check valve in the branch pipe 
prevents the return of air to the brake pipes. The 
pumps are 6 in. diameter by 6in. stroke, and make 
about 300 double strokes per mile; how long they 
will stand the work imposed upon them is a matter 
of opinion, albeit an india-rubber bag connected to 
the vacuum chamber is intended to take the friction 
wheel which drives the pumps out of gear when the 
desired vacuum has been attained. 

A double line of brake pipes is used, and on every 
carriage at each end of each pipe is a cock held open 
by spring clips, these cocks having hollow handles 
to which are attached the hose pipe connexions. A 
separation of the carriages closes the cocks. Auto- 
matic action is intended to beattained by a signal- 
cord arrangement, but we are unaware whether this 
arrangement has been testedin practice. The brake 
gear is arranged with blocks on both sides of each 
wheel, a single 15 in. india-rubber bag applying the 
brakes in each carriage. 

It will be seen from the above particulars that 
the vacuum brake as applied to the Midland train 
is a vastly more complicated apparatus than the 
vacuum brake as first introduced in this country, 
and we are somewhat at a loss to know whether it 
is intended to employ the exhausting pumps in the 
vans, &c., in regular service, or whether they are ap- 
plied to the experimental train only. If the latter, 
the results obtained cannot of course be fairly com- 
pared with those afforded by other brakes employed 
in ordinary working trim. 

In conclusion we may point out that whereas the 
results obtained during the recent brake trials on 





the North British line thoroughly corroborate those 
obtained during the Newark experiments in 1875, 
those obtained with the vacuum brake on the 20th 
inst, on the Midland Railway differ widely from their 

redecessors, and thus, while in no way question- 
ing the good faith in which they were carried out, 
we may justly say that _ require corroboration. 
We ourselves approve highly of the arrangements 
adopted in the case of the North British trials ; but 
there is another way in which continuous brakes can 
be tested, which perhaps'appeals more strongly to the 
general public. This plan consists in running the 
competing trains side by side on parallel lines, main- 
taining the trains at a uniform speed, and applying 
the brakes simultaneously at a given signal. The 
results thus obtained admit of no dispute. Possess- 
ing, as the Midland Company do, trains fitted with 
the Westinghouse automatic, the Smith’s vacuum, 
and Barker’s hydraulic brake, they have ample 
facilities for carrying out such a trial as this, and we 
only hope that they may avail themselves of the 
opportunity, and thus perform a service for the rail- 
way world generally. 





AMATEUR SCIENCE AT THE UNITED 
SERVICE INSTITUTION. 

WE think itis butseldom in these days of rapidly 
extending scientific information that any enjoy 
such an opportunity of having their ears tickled as 
was afforded a select few at the recent meeting of 
the Royal United Service Institution. The occasion 
was the reading of a paper by Mr. Loftus Perkins 
on ‘ Recent important Economies in the Use of Fuel 
for raising Steam as accomplished by the Perkins’ 


System,” but it was the after discussion which | ing. 


afforded the needed scope for the flights of imagina- 
tion and the marvels of invention which at once 
charmed the ears and the hearts of those who were 
not basely critical. 

Of Mr. Perkins’ system, as described in the paper 
referred to, we desire to speak with the respect that 
is due to an undoubtedly clever and in many points 
well-considered plan of working. But we feel 
disposed at the same time to remark that the title 
of his paper raises hopes which the paper itself dis- 
appointed. The utmost economy stated—calculated 
from a diagram, part of which was only “ esti- 
mated,” not obtained from actual work — was 
14.07 lb. water evaporated by 1 Ib. coal and a con- 
sumption of 1 lb. per horse power per hour. With 
his high pressure and consequent high rate of expan- 
sion, Mr. Perkins is generally expected to show a 
much greater economy, but it is ominous that he 
names 1}$1b. per horse power per hour as the con- 
sumption he is prepared to guarantee, 

There are many special points to be observed in 
the working his system, and numerous precautions 
necessary to its successful application, and we think 
a fair question may be raised, as was raised in the 
discussion by Mr. W. Parker, the engineer surveyor 
of Lloyd's, as to whether this system is one which 
will safely withstand the rough usage which is in- 
variably the lot of machinery at sea, 

But, as we have said, it was when on this recent 
occasion the gentlemen who took this part in the 
discussion endeavoured to enlighten the Institution 
as to the means by which Mr, Perkins reaches his 
brilliant result that our eyes were dazzled! It did not 
matter that some engineers suggested that the 
boiler was similar in design to those of the Montana 
and other vessels, and offered conditions inimical to 
the proper circulation of asteam generator; this was 
met by the ready but astonishing reply that the 
boiler was not intended for circulation! It makes 
steam by ‘ foaming,” and this the gallant and 
learned chairman reduced to scientific (?) terms by 
announcing that the boiler had ‘vapour circula- 
tion,” and that in it, in consequence of its high 
temperature, there was not steam and water but 
‘hydrogen and oxygen in juxtaposition, but not 
combined”! Yet the boiler never was red-hot we 
were assured, and so never could burn; but as to 
how the hydrogen and oxygen of the water came to 
be dissociated, and how after being thus dissociated 
they passed through the engine cylinders to the 
air pump and became water again without explosion 
being (as is usual) necessary, we were unfortunately 
left in the dark. Yet such chemical union between 
the constituent gases must somehow have taken place, 
because Mr. Perkins boldly asserted that there was 
no waste of water in working. 

Equally astounding was the chemistry of corrosion 
and of preservation of boilers propounded on this 
memorable occasion, Chloride of sodium, chemists 





will be surprised to learn, in sea water which is 
boiled decom and gives off chlorine gas, which 
passes over with the steam and attacks the boiler 
on its return there with the condensed steam. Why 
it is induced to wait so long before beginning on the 
boiler and why the iron and brass (or ‘anti- 
friction metal”) of the engines escape so direful an 
enemy, we regret to say was not explained to us, 
despite our an=iety to learn and to be instructed. 
‘Pure water” was credited with the power to do 
any amount of to ‘the material of which 
iron is composed” (!) and no less a. proof of this 
was advanced than the astounding intelligence that 
all the water mains of Glasgow had at some time or 
other (unknown to history, but that is a small 
matter) simultaneously exploded, when a commis- 
sion met and decided that the cause of this calamit 
was the purity of the ‘‘ Lake Katrine” water which 
had attacked ‘‘ something in the iron.” 

As might be engerten in such an advanced 
scientific circle, Professor Barff's new method of 
coating with magnetic oxide was hailed as the 
panacea for all the ills of corrosion, although we 
think the discoverer is not yet quite pre to go 
so far, and although it is pretty certain that the 
alternate actions of expansion and contraction which 
are inseparable from steam boilers, are very likely 
to prevent the inelastic coating of magnetic oxide 
from adhering permanently to boiler surfaces. Of 
course it is possible that new portions of the oxide 
may be successively formed at the expense of the 
oxygen of the water, but what in this case becomes 
of the theory of ‘‘no waste of water?” 

Some of the engineering novelties brought to 
light at this wonderful meeting were most refresh- 
i Engineers will wonder at, if they do not 
regard with awe, an engine which, constructed to 
develop say 250 horse power, is able by a simple 
increase, which is of course indefinite, in the boiler 
pressure to increase, also indefinitely of course, 
the indicated horse power and consequently the 
speed of the ship containing such an inestimable 
machine, It does not matter that piston rods, 
cranks, pins, and shafts have a limit of strength, 
and that pipes and joints are liable to burst; these 
are mere trifles which are unworthy the serious 
attention of the true scientific swell; or they are 
vulgar details of shop engineering which do not 
suit the refined atmosphere of ‘‘ the Service,” 

Speaking seriously, we do not think that the in- 
terests of Mr. Perkins’ invention are likely to be ad- 
vanced with practical men by such arguments and 
such advocacy, nor by his sweeping condemnation 
of all other systems of water-tube boilers as * only 
fit to break down,” or of Admiral Selwyn’s denun- 
ciation (which was scarcely in good taste) of all the 
makers of these other boilers as “unfit to be en- 
trusted with the construction of a boiler.” Such 
overheated statements when put alongside of the 
science and engineering displayed in concert with 
them are reckoned at their full value, and only recoil 
to the damage of the persons who launch such 
missiles, 

We desire, in the interests of true engineering 
science, to see Mr. Perkins’ system, along with others, 
such as that of Mr. Rowan, afforded a fair trial at 
sea in circumstances which admit of careful and ac- 
curate results being obtained. The ships of Her 
Majesty’s Navy offer the best conditions for such 
trials, and we should, therefore, hail with satisfac- 
tion the intelligence that a comparative trial had 
been decided upon by those in authority, 








THE IRON AND STEEL INSTITUTE. 

THE meeting of the Iron and Steel Institute, 
which was held in London last week, some of the 
proceedings of which were reported in these 
columns in our last issue, was characterised more 
particularly by the tendency of its papers and 
discussions to turn upon the chemical constitution 
of iron and steel before, during, and after its con- 
version from one form to another, It is true there 
were other aspects of the iron and steel manufacture 
treated upon; but, generally speaking, with the 
exception of the President’s address, the subjects 
of mechanics, mineralogy, geology, fuel, pumping, 
and engineering generally, were conspicuous b 
their absence, and the London meeting of 1877 will 
hereafter be remembered in connexion with the 
chemical aspect of its discussions, an aspect which 
can be second to no other in importance and value, 

The first paper read was upon ‘Solid Steel 
Castings,” by M. Gautier, of Paris, a paper 
which we publish ix extenso on another page. ‘Lhe 
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author began by referring to the very prevalent 
existence of blow-holes or cavities in steel castings. 
Mr. Bessemer was the first to announce that these 
cavities contain oxide of carbon, and the author 
fully corroborated this fact. By hammering or 
rolling steel containing blow-holes they disappear ; 
they either become so flattened out or attenuated as 
to be lost sight of altogether, or their contained 
oxide of carbon is reabsorbed by the metal. The 
philosophy of the change has not yet been ascer- 
tained, but the fact remains that steel bars which 
have been rolled from honey-combed ingots are 
free from these defects. When, however, these 
blow-holes communicate with the exterior surface 
they become oxidised, their cavities being coated 
with oxide of iron, and an imperfect union or weld 
is prevented, the effect of this is that the rolled 
bar exhibits on its surface black streaks which in 
some cases penetrate toa depth of yin. To remedy 
this the bars are heated to a very high temperature, 
covered with silicious sand, and well hammered, the 
silica in the sand then combines with the oxide 
of iron, forming a silicate which pressure easily 
expels. 

Generally speaking the more a steel is carbonised 
the easier will it flow while casting, and the less 
tendency will there be for cavities to be formed. 
Referring to the celebrated Kiupp ingots which 
astonished the world at the international ex- 
hibitions, beginning in 1851 with 2 tons, increasing 
to 20 tons in 1862, and finally reaching the enormous 
size of 45 tons without cavities, the author stated 
that the process of manufacture was kept a profound 
secret, and has not yet been published, but that six 
years ago the proprietors of the Terre-Noire Steel 
Works discovered by a process of reasoning how it 
was effected, and the improvements that have since 
been made have verified their conclusions. They 
seem to have proved that the Essen ingots are 
produced by adding, just before casting, a certain 
amount of pig iron containing a large per- 
centage of silicon, and assuming, as has been said 
before, that the cavities are filled with oxide of 
carbon, the addition of silicon will effect the follow- 
ing reaction, 

3 CO+Si=Si 0, +3 C, 
the carbon being deposited and absorbed in the steel, 
and the silicon combining with the oxygen to form 
silica, which is expelled in the working. In proof 
of the correctness of this theory the author quoted 
some experimental tests. Steel absolutely without 
blowholes has been produced at the Terre-Noire 
Works by the use of a silicide of manganese and 
iron, which possesses remarkable properties. The 
action of the silicon is, by decomposing the oxide 
of carbon, to do away with cavities ; and that of the 
manganese to reduce the oxide of iron, and so to pre- 
vent a reaction of the oxide on the carbon, which 
— produce gases, and consequently fresh blow- 
oles. 
Reminding his hearers of the fact that all metals 


possessing a crystallinetexture are brittle, the author | g: 


stated that steel when crystalline is no exception to 
the rule, but he showed that this defect may be re- 
medied in several ways. 1. By reheating to a cherry- 
red heat, when an ingot of a coarse and highly crystal- 
line texture, and consequently intensely brittle, is 
converted, after ordinary cooling, into a close-grained 
tough steel. 2. By subjecting the ingot during 
the process of cooling to a process of hammering, 
beginning when it is at a high temperature and 
continuing the operation down to a certain stage of 
the cooling, the position of which varies with the 
quality of steel operated upon, 3. By rapidly cool- 
ing, which does not allow the phenomenon of 
crystallisation to take place, In this respect steel 
seems to resemble a saturated solution of a crystal- 
line salt, and it is not improbable that further re- 
searches will show still closer analogies between the 
behaviour of solutions of salts-and that of fusions 
of their metallic bases. In support of the above- 
named remedies for crystalline or brittle steel, the 
author quoted some interesting experiments con- 
ducted by M. Chernoff, of the Aboukoff Steel Works, 
St. Petersburg. 

Speaking of the density of steel the author re- 
ferred to the fact that experience at Terre-Noire 
showed that cast metal may have a greater density 
than either forged or rolled metal, for while the 
density of cast steel varied in the Terre-Noire experi- 
ments from 7.8 to 7.9, that of rolled steel never 
exceeded 7.81, From this the author assumed that 
the process of rolling does more than produce a 
molecular change in the metal, it actually increases 
its volume, and upon this assumption he comes to 


the conclusion that cast is not only denser than 
hammered steel, but is also stronger, and that there- 
fore the mechanical compression of steel, as in Sir 
Joseph Whitworth’s process, is absolutely useless. 
It cannot, he says, modify density, and even if it 
be true that good results have been obtained from 
it at Manchester, the same results can be obtained 
by the simpler proces: which is adopted by the 
Terre-Noire Company under the skilful direction of 
M. Euverte. 

At the conclusion of the paper the secretary 
handed round some photographs of rivetted steel 
joints which had been sent for the inspection of the 
members, by Mr, F. W. Webb, of Crewe, and read 
the following letter from that gentleman : 

Crewe, March 17th. 

My pear S1r,—I left at your office, on Monday last, 
nine photographs of rivetted joints in mild steel, tested to 
destruction. ‘These tests were made here some time since, 
to find out the best proportion of longitudinal joints, and 
I thought they woul interest; you, as they show how well 
adapted mild steel is for boiler purposes. We first n with 
the ordinary proportion for iron, 4 in. welts on either side, 
so as to put the rivets in double shear, rivets ? in. to 1 in. 
to centre from edge of plate, and 2 in. pitch, giving the 
result as shown in No. 1 photograph ; we finally arrive at 
one’ shown in No. 8, 5} in. welts, with the rivets } in. to 
1} in. from edge of plate to centre of rivets, and 2 in. pitch. 
As you are aware, we make our plates in use in cireum- 
ference, and place the longitudinal joint out of the water 
so that we get no corrosion. I may mention that we have 
now over 800 boilers in steel of similar quality, and I have 
every reason to be satisfied with the result. I have also afew 
copper fireboxes replaced with steel, but I do not care to 
use steel much for this purpose, as when worn out the scrap 
copper is so much more valuable, but still I am watching 
the result carefully. I amsorry that having tobe with my 
chairman in Lancashire I shall not be able to attend the 
meeting, as there are several papers of much interest ; and 
I was anxious to get the opinion of the members if possible 
on the subject of annealing, which does not seem to be 
clearly understood ; my own opinion being from practice, 
that‘in the mild steel it is sufficient to get the plates to a 
good red heat soas to put all the particles at rest after the 
work has been put on the plate, and nothing more. From 
some scale I had shown me last week I am sure that some 
—_ are overdoing it and doing mischief instead of good; 

or which, if any accident happens, the maker and not the 
user might get blamed, if not the material itself, though 
not in fault. 

Mr. Edward Riley, F.C.S., at the request of the 
President next read an abstract of his very valuable 
paper ‘“‘ On the Estimation of Manganese in Spie- 
eleisen, andof Manganese and Ironin Manganiferous 

ron Ores,” of which the following is an abstract : 

The author began by stating that difficulties have 
always arisen in ascertaining the percentage of 
manganese present in spiegeleisen in consequence 
of the different methods employed by chemists for 
its analysis. ‘Two methods are commonly employed, 
one known as the direct and the other as the indirect. 
By the direct process the sample of spiegeleisen is 
pulverised ook dissolved in dilute nitric acid, and 
after successive treatments with hydrochloric acid 
and ammonia, to eliminate the organic matter, it is 
agitated with bromine, which precipitates the man- 
anese as oxide, and the precipitate so formed is 
filtered, dried, ignited, and weighed. In the in- 
direct method the amount of iron contained in the 
spiegeleisen is accurately determined; to this an 
imaginary 5 per cent. is added for carbon and im. 
purities, and the difference is assumed to be man- 
In this method the spiegeleisen is crushed 


ganese. 
to a fine powder dissolved in sulphuric or hydro- 
chloric acid, and the amount of iron estimated by 


the addition of a standard solution of bichromate or 
permanganate of potash. The author pointed out 
that the direct method was far more trustworthy, but 
= ge much more care from the danger of baryta 
and zinc not being properly separated from the 
precipitate, and therefore of being weighed as man- 
ganese, making the example appear richer in the 
latter metal than it really is. The author cautioned 
young chemists to take nothing for granted without 
testing it experimentally, and in illustration cited a 
case in which the addition of sulphuric acid to a 
solution of the ore in hydrochloric acid would not 
separate out the baryta as it would be expected to 
do ; the manganese seems to take hold of the baryta, 
and little change is effected by the sulphuric acid, 
unless special precautions be taken to prevent sul- 
phate, of barium being associated with the man- 
ganese precipitate, or baryta being thrown down 
when sulphuric acid is added to the hydrochloric 
solution. The author laid special stress upon the 
avoidance of the error of making duplicate analyses 
on the same quantities of ore and of carrying them 
out in exaetly the same way. He stated that he 
makes a tice in his laboratory of having dupli- 


upon different quantities of ore and in separate 
rooms, The results so obtained must agree within 
the errors of experiment, and the mean of the two 
is taken as the yield of the ore. Speaking of the 
estimation of iron, Mr. Riley has seen no cause to 
alter the opinion at which he arrived, and which he 
published in 1862, that no volumetric method for 
the estimation of iron is equal to that effected by a 
standard solution of bichromate of potash, and that 
no gravimetrical estimation is satisfactory unless 
confirmed by it. 

After a few remarks describing the author's 
system of sampling cargoes for analysis, the paper 
concluded with a Table giving the percentage of iron 
in a large number of samples of steel rails deter- 
mined by two different processes. 

The President opened the discussion by remark- 
ing that the facts brought forward in Mr. Riley’s 
valuable paper would be of the greatest possible 
interest to manufacturers, for under the old and in- 
direct system of estimating the amount of man- 
ganese in spiegeleisen no sort of accurate result 
could be obtained. It was founded on the assump- 
tion that if we know accurately the amounts of iron 
and carbon respectively contained in a given sample 
of spiegeleisen the residue will necessarily be a 
measure of the quantity of manganese, but now 
after hearing Mr. Riley’s paper we know that when 
we buy spiegeleisen upon that principle, in the fond 
hope that we are purchasing manganese, we may be 
all the time purchasing half a dozen other substances 
which we do not want and which may positively be 
deleterious. Dr, Siemens concluded his remarks by 
recommending that the subjects of the three com- 
munications which had just been read should be 
discussed together, and added that his own inaugural 
address was of course open to the discussion of the 
meeting. 

Mr. Bessemer, referring toa collection of steel 
castings he exhibited in the International Exhibition 
of 1862, among which was a steel ingot weighing 
upwards of three-quarters of a ton, which was bent 
and cut to show the entire absence of air bubbles, 
said that he had arrived at the method of pro- 
ducing them by considering the chemical causes 
operating to produce the difference between what 
was called in Sheffield ‘‘ well melted” steel, and that 
which went by the name of “ zot well melted’’ steel. 
It was well known that if a crucible of the best 
Swedish iron be left too short a time in the furnace 
the resulting ingot was full of blow-holes, and it was 
said to be “‘ not well melted,” but if it were left an 
hour or two longer the result was perfectly satis- 
factory. Upon analysing seven samples of these 
two steels, in which he had the assistance of his 
friend Mr. Riley, he found that the “ well melted” 
steel contained a small quantity of silicon, and he 
came to the conclusion that the longer exposure to 
heat enabled the iron.to absorb a certain quantity 
of silicon from the sand which had been put into the 








crucibles, while that which had been heated for a 
shorter period was little changed in chemical con- 
stitution. With this idea he began looking about 
for a quality of iron containing silicon, and after a 
little time he found at Sheffield an iron which con- 
tained 5 per cent. of that element, and, as he had anti- 
cipated, steel made from this iron was perfectly 
manageable, and castings from it were free from air 
bubbles. Mr, Bessemer, in concluding, caused some 
merriment by giving a circumstantial account of his 
connexion with Messrs. Schneider, of Creusét, who, 
among many others, came to see all that was done 
at Mr. Bessemer’s works, and with a view of becom- 
ing licensees under his patent, spent some weeks at 
the works, and sent their manager to learn the whole 
process, Twenty-two sheets of drawings were sup- 
plied to them by Mr. Bessemer, and they spent two 
years in making a huge shopful of machinery which 
they kept standing until his patent was expired, and 
then, expressing great astonishmentat the fact that he 
had another patent, repudiated his royalty altogether. 
** And,” he added amidst much laughter, “ ¢hese are 
the people who come over to England to show us 
how to make steel castings!” Mr. Bessemer then 
resumed his seat, but rose again immediately to say 
that M. Gautier was inno way connected with the 
firm to which he had referred. ; 

Mr, Riley endorsed Mr. Bessemer’s views, saying 
that the presence of silicon was of great value in 
making sound castings in steel. He had conducted 
a series of experiments upon the so-called titanium 
steel, and it was his opinion that it contained no 
titanium whatever, but that its excellent qualities 
were due entirely to the ce of silicon, of which 











cate analyses made by different operators working 


it contained above 1.5 per cent, He urged upon 
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manufacturers the importance of testing experi- 
mentally the influence of silicon in the constitution 
f steel. 

: In reply to Mr. Samuelson, M.P., M. Gautier 
stated that the silicide of manganese, referred to in 
the paper, is prepared in the blast furnace, 

¥ % * Ko ey, of New York, who was cheered 
on rising, gave an account of a visit extending over 
three weeks, which he paid to the ‘Terre-Noire 
Works for the purpose of studying in detail the 
process referred to in the paper. During the time 
he was there he had opportunities of examining a 
large number of samples of the steel so produced, 
and of testing both physically and chemically its 
properties. To this end the managers of the Terre- 
Noire Company gave him every facility and assis- 
tance, and he was allowed to spend as much time in 
the works, and to take as many slag and metal tests 
during the progress of the operations as-he deemed 
necessary. ‘ 

Seeing that such excellent steel was produced in 
so short a time by the open hearth process, he had 
been anxious to find out if such results could in- 
variably be relied on, for if they could the process 
would be of great value in the United States, where 
the means of producing large forgings are very 
limited, After calling attention to the vital im- 
portance in the manufacture of steel of maintaining 
the correct proportions of such ingredients as have 
a tendency to vary, as well as of keeping up the 
proper temperature at which the required reactions 
take place, Mr. Holley stated that the conditions of 
success were : 1. That oxygen must be kept out of 
the bath as much as possible sung all stages of the 
process; 2. That the presence of manganese and 
silicon must be preserved in excess, that is to say, 
in large but definite _——— more especially 
towards the close of the operation; and, 3, That 
carbon must be kept away as far as is possible, 
otherwise the product will be brittle. To meet these 
conditions the bath in which the wrought iron is 
melted is composed of spiegeleisen, by which means 
a portion of the manganese contained in it intercepts 
any oxygen which will always have a tendency to 
get down into the metal, and another portion com- 
bining with any oxide of iron which may be formed 
in the bath, plays the same part in the process as is 
performed by manganese in the ordinary Bessemer 
process. 

The amount of manganese present is determined 
with great delicacy by observing the colour and ap- 
pearance of the slag. A rod is dipped into it, and 
the film of slag collected by it scales off when 
cold. On looking at the fractured edge of a scale 
thus produced it will be seen to have a dark olive- 
green streak of manganese running through the 
centre, which is an indication, according as the 
green is darker or lighter, of the bath being more or 
less oxidised, Just as in the Bessemer process, the 
carbon is first removed from the pig iron and after- 
wards restored in the proper proportion necessary 
to convert the bath into steel, so in the process 
under discussion it is necessary to oxidise almost 
entirely both the manganese and the carbon, 
before the final charge of ferro-manganese and 
ferro-silicium are added in order to obtain at the 
end of the process the correct proportion of those 
substances, of which the colour of the slag is a very 
delicate and reliable test. But besides the slag 
tests there are metal tests which serve as checks, 
and in some respects give still more certain evidence 
of the state of the bath. In general terms the bath 
is ready to receive the siliconised pig and ferro-man- 
ganese when the metal test indicates the same 
degree of softness that the ordinary open bath has 
when the ferro-manganese is added. 

Another metal test is to form samples under uni- 
form blows of a steam hammer into discs of 7 in. in 
diameter and 3 in. thick. These discs are cooled 
without being hardened, and the amount of crack- 
ing round the edges is the best possible hot test, 
while the bending cold and fracture of the forged 
metal are reliable evidences of quality. Three points 
have to be attended to;; first, the colour of the slag, 
second, the softness of the test piece (by steel test), 
and third, the fluidity of the bath. Should the bath 
become fluid and the metal soft before the intended 


quantity of wrought iron has been thrown in, more | h 


— must be added in order to allow more 
vrought iron to be charged in. Again it occa- 
sionally happens that the bath becomes over-oxidised 
before it is ready to receive the siliconised pig, but 
Pes 1s easily detected, and the addition of a little 
‘rro-manganese at once remedies the defect; and 


thould the temper of the charge be too low it may 








be raised by varying the amount of ferro-manganese 
which is added with the siliconised pig. It will thus be 
seen that by the slag and metal tests the state of the 
bath may be accurately ascertained at any stage of the 
process, and as experience has taught us a remedy for 
every aberration from the state required at any part 
of the operation, the operator by observing what is 
going on in the furnace and by the exercise of com- 
mon sense and judgment, may have the bath under 
perfect control, and may be sure of obtaining a 
uniformly satisfactory result. Mr. Holley concluded 
his remarks, which formed a valuable paper in them- 
selves, by passing a high tribute to the Terre-Noire 
Company for having sertoand a substantially new 
invention, and for having brought the behaviour 
of manganese and silicon as well as their propor- 
tions in the process of steel manufacture from the 
region of speculative guesswork to that of exact 
science, and he considered very great credit to be due 
to its managers for haying, through a long course of 
expensive experiments, accompanied by chemical and 
physical tests in the laboratory, achieved their well- 
earned success, and developed, formulated, and pub- 
lished a process which is evidently destined to be- 
come a very large and important department of the 
open-hearth steel manufacture. 

Mr. Snelus agreed with Mr. Holley that very great 
credit was due to the Terre-Noire Company for 
having produced soft steel as a manufacture upon a 
large scale, and in his opinion the extremely soft 
steel which was made by the addition of ferro- 
manganese would ultimately take the place of copper 
in many important manufactures. He said that, 
without knowing what was being done in France, he 
had been running in somewhat parallel lines 
and had arrived at similar conclusions. What 
goes by the name. of ‘‘ burnt” iron, was in reality 
nothing more than iron containing a considerable 
percentage of silicon, There is now no difficulty 
in getting silicon and manganese into iron, but he 
had been much puzzled in testing some samples of 
soft steel so produced, to find a highly silicious steel 
withstanding a severe tensile strain until he dis- 
covered what M. Gautier had explained, that the 
presence of silicon without carbon gives to steel 
great toughness and tensile strength, but that a 
steel containing silicon with carbon was brittle and 
bad. He felt that gratitude was due to these French 

entlemen for coming over and laying before the 
Fnstitute their process, and also that great credit 
was due to the Americans for pushing the other, the 
mechanical, end of the manufacture, and he felt sure 
that England would combine the two and then he 
believed that we should be able to beat them both. 
He wished to be clearly understood that the process 
may be applied as easily to the Bessemer as to the 
Siemens-Martin process. 

Mr. Stead said that it had been his intention to 
have brought the subject of Mr. Riley’s Paper before 
the Institute on an early occasion, but Mr. Riley 
had forestalled him. He would only state, however, 
that the results at which he and Mr, Pattinson had 
arrived were identical with those described in Mr, 


Riley’s paper. 

Me. fen referred to some of his castings, 
specimens of which were exhibited on the table. 
In one instance, that of a cast steel double-throw 
crank axle of a locomotive which had never been 
under the hammer, a block had been cut out between 
the throws of one of the cranks which had been bent 
cold quite flat upon itself. 

Mr. Daniel Adamson defended Sir Joseph Whit- 
worth from the imputation implied in M, Gautier’s 

per that full opportunities were not given to the 
ion and Steel Institute at their visit to his works 
two years ago, of inspecting his process for com- 
pressing steel in its molten state, and spoke very 
strongly in favour of the value of that process for 
producing homogeneous metal. He believed there 
were several gentlemen from Woolwich present, and 
he thought we ought to ask them to recommend to 
the Government the throwing open to the country 
of the manufacture of large guns, by which the 
public would have superior ordnance, and less public 
money would be thrown away upon enormously 
costly experiments. : 

Referring to Mr. Webb's letter he stated that he 
ad had some experience in the manufacture of 
steel boilers, having made upwards of a thousand 
which are in use in various parts of the country; he 
attached great importance to the perfection of 
rivetted joints, for it was at the joint that leakages, 
corrosions, and rents took place. The joints were 
vital parts of a boiler, and it is impossible to 
have the rivets made of too good a material, for the 
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better the material the smaller they may be, and 
consequently the holes need not be made 80 
large, additional strength being thereby given to 
the joints. He concluded by hoping with Mr. 
Snelus that mild steel might supersede copper 
in locomotive manufacture. He described a steel 
which contained .2 per cent. of carbon, and which 
like copper, could be softened rather than hardened 
by being heated and quenched in water—it was in 
fact a new metal. Outof a plate of it, 30 in. in dia- 
meter, he had made a dome a in, deep and 20 in. in 
diameter merely by beating it with wooden mallets, 

After some remarks from Mr, Maynard, in which 
he mentioned some experiments he had been makin 
upon the use of steel wire for the tensile parts o 
iron bridges, and expressing a hope ‘that bridges 
would ultimately be made of a much larger span 
than the Board of Trade restrictions upon the use 
of steel in such structures would permit, the discus- 
sion was closed, and Mr. Samueison, M.P., referring 
to the President’s address, moved the following re- 
solution: ‘That the Iron and Steel Institute in 
general meeting assembled has heard with much 
satisfaction the suggestion of its President, Dr, 
Siemens, that a building be erected in London for 
the use of the various societies devoted to Applied 
Science, and hereby pledges itself to contribute to 
its realisation.” ‘This resolution was seconded by 
Mr. Menelaus and supported by Mr. Brogden, M.P, 
(not Mr, Bolckow as given in error in our issue of 
last week), and was carried unanimously. 

Mr. Edward Riley then read a paper ‘On 
Chromium Pig Iron made by the Tasmanian Iron 
Company.” ‘lhe author began by saying that the 
Tasmanian Iron Company has recently commenced 
the manufacture of pig iron in Tasmania, Some 
difficulty has been experienced in the production 
of grey iron, the only product of value in the 
colony, unless the pig could be used or sold for 
manufacturing wrought iron. This pig iron is ex- 
ceedingly pure and has the appearance of spiegel- 
eisen, showing a clear white structure when broken, 
Analysis proves it to contain about 7 per cent. of 
metallic chromium, which has never before been 
found in combination with iron except in very minute 
traces. Chromium steel has been manufactured by 
the Chromium Steel Company at Brooklyn, and 
has given highly favourable results. It is now 
manufactured at Sheffield, and an alloy of iron and 
chromium is sold under the name of ferro-chromium 
for mixing with steel, and Mr. Baur, the patentee of 
chromium steel, states that the metal chromium 
om | be used to replace carbon for hardening steel, 
and has this advantage over it, that it is not burnt 
out of the steel by heat. A mixture of half 
chromium pig and half hematite is with difficulty 
puddled, requiring a long time owing to the large 
percentage of carbon contained init, A ball worked 
up from this mixture will not weld on account of 
the great quantity of cinder, and it could not there- 
fore be worked intoa bloom, The author referring 
to the statement of Mr. Kerr that an alloy of chro- 
mium and iron may be used instead of spiegeleisen, 
said that his own experience was not as yet sufficient 
to justify him in giving a decided opinion. He 
had received from Shettield a sample of the alloy 
called chromeisen, which was said to contain from: 
20 to 25 per cent. of chromium, but analysis reduced 
this amount to not more than 7 per cent. of this 
metal, and showed that it contained a large propor- 
tion of sulphur. In conclusion, the author believed 
that the Tasmanian iron will prove a valuable 
source from which to derive the metal chromium,- 
and that it would become of considerable importance 
to the colony where it is produced, 

In the short discussion which followed, Dr. 
Percy, F.R.S., called attention to the fact that two 

ears ago he examined some fine specimens of 
easton sheet iron and found that they contained 
.2 per cent of chromium. This metal had the ex- 
traordinary property of rendering the iron produced 
intensely hard, but if its quantity were increased 
beyond a certain amount the alloy became brittle. 
he meeting was then adjourned until the follow- 
ing day, but want of space compels us to defer our 
report of Thursday's proceedings until next week. 





THE MANCHESTER STEAM USERS’ ASSO- 
CIATION. 

Tue above-named Association held its annual meeti 
on Tuesday afternoon in one of the rooms of the Old 
Town Hall, Manchester, the President, Mr. Hugh 
Mason, occupying the chair, The gratifying announce- 
ment of steady improvement in all ways was referred to, 
and the usual statement that no boiler enrolled under 
























































254 





ENGINEERING. 





[Marcu 30, 1877, 





the Association had exploded during the year, was re- 
ceived with unanimous satisfaction. 

The Chairman said that on the ground of immunity 
from explosion alone as even a selfish view of the matter, 
he might appeal to the support of the members. But the 
Association was not formed for such lower motives, but 
on the grounds of humanity. Both founders and the 
successors now conducting the Association had special 
regard to the prevention of loss of human life. We have 
lost two members during the past year; and they have 
both suffered from boiler explosions since the time they 
left the Association, disregarding the advice given them. 
He said that he believed no boiler ever exploded without 
warning, meaning that signs of its weakness or dangerous 
condition were ascertainable by competent inspection. 

The committee still appeal to the Government for such 
action on their part as will compel voluntary inspection 
under properly competent authorities. Coroners’ inves- 
tigations are incompetent in those cases to which they do 
apply, while to many explosions where there is no loss of 
life, none is held, 

Mr. John Ramsbottom, in moving the second resolu- 
tion, confirmed by his own extensive experience the 
fact that competent inspection was ade uate to prevent 
boiler explosions, and attributes the neglect of the ad- 
vantages offered by the Association to those who would 
become its members to the want of knowledge on their 
parts that they would be free from risk by having their 
boilers properly inspected and put into such condition as 
the officers of the Association would direct. He said some 
peuple are born careful and orderly. Some desire to be 
so, but cannot arrive at the condition and avail them- 
selves of the aid of others; while a third, and far larger 
number of persons,need order and system to be thrust 
upon them 

We have reason to believe that the inspection of this 
Association is so thorough and complete that there are 
those who, having for a year or two, or a few years, paid 
the required fees and had the careful examinations and 
report and advice of the Association, have thought it 
creditable to withdraw from the Association, place their 
boilers under some one of the boiler insurance companies 
at lower rates, for which an insurance is effected, but 
not such careful examination guaranteed or made, for 
the sake of the saving in outlay of a few shillings per 
boiler perannum, A case has come before our notice in 
which this course has been adopted by a public body re- 
presenting one of our large country boroughs, where, 
since the removal of the care of the boilers from the 
Association, now about two years ago, no thorough exa- 
mination has once been made by the insurance company 
now having the boilers upon their books. This is a 
peculiar kind of trading upon the good reputation of 
others, which surely only needs to be known to raise 
to a still higher pitch of satisfaction the good condi- 
tion under which the Manchester Steam Users’ Association 
now stands, 








NOTES FROM THE SOUTH-WEST. 

The Great Western at Newport.—The directors of the 
Great Western Railway Company have determined, on 
making great alterations at their station in High-street, 
Newport, and it is said that a sum of 14,0001. will be ex- 
pended. This step is necessary, because of the increased 
accommodation which will be required when the passenger 
traffic from the Western Valleys is brought to High-street. 
A new piece of line is in course of construction from near 
Bass-alleg to join the main line of the Great Western at 
the cont end of the tunnel leading to Newport station. 
This line passes through part of the Gaer property, where 
a tunnel is bei e. It is stated that this line will 
be finished in about four months. In course of time the 
passenger traffic of the Eastern Valleys will also be brought 
into High-street. These are important chan as affect- 
ing passenger traffic, and are suggestive of several im- 
provements in the town generally. 


Cyfarthfa Iron Works.—It is stated that Mr. Crawshay 
contemplates reducing the number of hands—about 400— 
who have been retained on the works since the great strike 
and lock-out, for the purpose of keeping them in order. 
The probable closing of the works altogether is spoken of. 


Discovery of Coal.—The 4-ft. seam was won at Havod 
Rhondda, by Mr. Thomas Jones, of Ynyshir, on Tuesday. 
The coal proved of excellent character and thickness. 


The Sirius.—So completely useless has an accident to 
the engines of the Sirius rendered that vessel as a steamer 
that she will make her way home to Devonport under sail. 
Her present boilers were put on board at Devonport in 
1875, when her machinery also was theroughly overhauled. 


The Naval Engineer Establishment.—An official return 
shows that the present establishment of engineer officers 
in the — 1218 officers on full and 38 on half- 
pay, and the total annual cost is 205,030/. The per- 
manent establishment proposed for the future will have 
1237 on full and 45 on half-pay, with an estimated cost of 
222,870. It is proposed that the staff on full-pay shall 
consist of five chief inspectors and four inspectors of ma- 
chinery, 193 chief engineers, 585 engineers and assistant- 
engineers, 100 chief engine-room artificers, and 350 engine- 
room artificers. 
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WOOD-GROOVING MACHINE. 


CONSTRUCTED BY MESSRS. RICHARDS, LONDON, AND KELLEY, ENGINEERS, 


PHILADELPHIA. 





THE above illustration shows two views of a machine 
designed by Mr. J. Richards, London, and constructed 
by Richards, London, and Kelley, engineers, Phila- 
delphia. The machine is intended for cutting the 
grooves for steps and risers in stair strings, and for pre- 
paring casework of any kind requiring grooves to be cut 
either at aright angle to the pieces, or diagonally as 
shown in the details. The same machine is arranged s0 
as to be used for mitre-cutting when not required for 
grooves. The details on the right shows the mitring 
table and the double-edged cutter employed for the last- 
named purpose. 

The machine, as shown, is provided with spurs and 
grooving cutters to be operated by hand, the tools 
sliding on the pivoted bracket, which can be set to any 
angle across the lumber. The cutters are moved forward 
and back by means of the lever seen in the front view, 
and are fed down at each stroke by means of the crank 
ontop. In mitring the grooving cutters are replaced 
by the double cutter before mentioned. The machines 
can be constructed to operate by power with rotary 
cutters, but this, considering the small amount of wood 
to be cut away, offers but few advantages over hand move- 
ment, and complicates the machines ; besides in most cases 
machines of the kind are most conveniently used in 
joiner shops in connexion with the benchwork where 
power is not at hand, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good attendance on ’Change at Middlesbrough. Again the 
amount of business transacted was comparatively insigni- 
ficant. Prices were based upon No. 3 Cleveland pig iron 
selling at 42s. 6d. per ton. It was stated in the market 
that stocks in Scotland were increasing at the rate of 1000 
tons per day, and this assertion had of course a depressing 
influence upon Cleveland. Merchants declare that buyers of 
pig iron going with money in hand to sellers can purchase 
at — considerably below market quotations. The 
stocks in Cleveland are very large and{it is again reported 
that unless there is a s improvement some of the 
makers will be compelled to blow out a few of their blast 


furnaces. It is quite certain that makers cannot continue 
much longer to go on putting such a large proportion of 
their production into stock. 


The Finished Iron Trade.—There is nothing new in this 
branch of industry. No one seems able to give a satis- 
factory reason for the prolonged depression, although 
latterly many people have agreed in attributing it to the 
unsettled state of political affairs on the Continent. 


The Cleveland Miners and their Wages.—Last week we 
announced that the Cleveland mineowners had resolved to 
reduce the wages of the miners 14d. per ton. This inti- 
mation was forwarded to the agent of the miners, and on 
Saturday the Council of the Miners’ Association met at 
Saltburn-by-the-Sea and discussed the wages question. A 
deputation was appointed to meet the masters and they did 
so at Middlesbrough on Monday, submitting that the mine- 
owners ought to withdraw the pro; action, as 
lowering their wages would mean starvation to some men. 
The owners explained that they could not withdraw the 
proposal, and decided to give the deputation time to com- 
municate with those whom they represented as to the posi- 
tion of affairs. Another meeting between the deputation 
and the owners is arranged, and it is believed that if they 
cannot agree as to the amount of the reduction the matter 
will be referred to arbitration. 


The Tees Shipyards.--The wages question in the Tees 


ogee Sak ew apemnel were ae The men 
have given notice that unless they obtain 10 per cent. ad- 








Since receiving those notices the masters have held a meet- 
ing, and have decided not to accede to the request of the 
men. Unless the men come to some arrangement at once 
the shipyards on the Tees will be closed next week. It is 
— that something will be done to avert a stoppage of 
work. 

The Coal and Coke Trades.—The coal and coke trades 
remain flat. Prices are low. The Durham miners will soon 
have to submit to a reduction of wages under the sliding 
scale recently adopted. 


vance in their he om they will leave their work on Saturday. 
ig t 











NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Reduction of Colliers’ Wages.—The whole of the colliers 
employed at the Shireoaks colliery have received 14 days 
notices to leave their employment, in order, as is supposed, 
that their wages may be again reduced. It is inferred 
that this is preliminary to another general lowering of 
miners’ wages. 

Earl Fitzewilliam’s Miners.—The whole of the men and 
boys *e~ ed at the collieries of Earl Fitzwilliam’ Elsecar, 
South Yorkshire, numbering between 800 and 900, have 
submitted to a reduction of 9 per cent. without any dispute. 


Reported intended Rail-making by the Midland Rail- 
way Company.—The Leeds Mercury again reports that it 
is the intention of the Midland Railway Company to roll 
their own rails, and adds that mills for the purpose are 
now being erected, and will be completed within a few 
months hence. It is not stated where these mills are. It 
will be borne in mind that a similar rumour was current 
some time ago, but was officially contradicted. 


The Shireoaks Colliery Company’s New Sinkings.—For 
nearly two years past, the Shireoaks Colliery Company 
have been sinking two new shafts at Cloune, the progress 
of which was retarded some time ago by an explosion. Coal 
was reached, however, on Tuesday last, and it is believed 
the seam is fully 6 ft. in thickness. 


Charles Cammell and Company, Limited—The annual 
report of the directors of this company has been published, 
and shows a profit during the last nine months of 80,826l., 
which, with 12,5391. brought forward, makes a total of 
93,3651. available for dividend. An interim dividend of 
31. per share was paid in December last, and a farther 
31. per share is now recommended, making 10 per cent. for 
the year. The 6 per cent. mortgages issued in 1871, amount- 
ing to 200,000/., have been terminated by six months 
notice, and have for the most part been renewed at 5 per 
cent. interest. 

The SharronBoiler Explosion. —The disastrous boiler ex- 

losion which took place on March 8th at the iron works of 
essrs Smith, Boyd, and Co., Sharron, near Sheffield, has 
had a fatal result, a man named Ogden having died at the 
latter end of last week. The explosion, it will be remembered ’ 
completely wrecked the rolling mill, the boiler itself being 
rent into three parts, one of which, weighing several tons, 
was hurled through a 9-in. wall some distance off. An 
inquest has been formally opened, and a thorough investi- 
gation is being made into the condition of the boiler prior 
to the explosion. 





AUSTRALIAN STEAM NavicaTton.—The Queensland 
Government has accepted an offer of the Australian Steam 
Navigation Commgery for a weekly coast service. Thesub- 
sidy is to be l. per annum. 


Tar Turkisu Navy.—The Turkish fleet, ironclad and 
wooden, to the number of 18 vessels, is being got in readi- 
ness to proceed to the Sea of Marmora for the purpose of 
practising naval tactics. Admiral Hobart Pasha has been 
appointed to command the squadron. The Sultan will re- 





m8 the fleet as soon as the ships have taken up their 





stations at San Stephano. 
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SOLID STEEL CASTINGS.* 
By Mons. F. Gautier, of Paris. 

WHEN steel is cast in an iron ingot mould, or a mould 
of any kind, usually the metal after cooling is not entirely 
sound. Cavities of a more or less rounded shape are seen 
inside, apparently caused by a gas escaping from the mass. 
Mr. Henry Bessemer, the first among the metallurgists, 
has demonstrated that these blow-holes were filled with 
oxide of carbon, and this view has since been entirely con- 

rmed. 
. Refining produces oxide of iron, Fe, O,, which reacts on 
the carbon according to the formula : 

Fe? 0'+C =3 Fe 0+C0. 

The protoxide of iron passes into the slag, and the oxide of 
carbon remains in dissolution within the metal. But the 
solubility of the oxide of carbon diminishes rapidly — 
the cooling period, and some gas bubbles remain imprison 
in the solidified mass. 

When these blow-holes are altogether inside, and do not 
burst through the crust, they remain silvery white ; it is a 
simple solution of continuity, and to get rid of them it is 
sufficient to weld the metallic parts by reheating and the 
use of a hammer or rolls. What becomes of the carbonic 
oxide? Is it reincorporated with the metal? This has not 
been determined yet. But the fact is that when rolled steel 
bars drawn from honey-combed ingots, are broken, no trace 
is found of this kind of defect. 

When the blow-holes communicate with the outside, and 
the sides of the ingots are pierced with small holes, well 
known to the steel manufacturers, the colour is no longer 
a silvery white ; they assume more or less the colours of 
the rainbow, and even become black. This takes place be- 
cause the carbonic oxide of the blow-holes is transformed 
by the contact with the air into carbonic acid, and oxidation 
of the metal occurs. 

38 CO? + .Fe = Fe? 0° + 3CO 
or, 4 CO? + ,Fe = Fe? Of + 4CO 
according to the temperature when the reaction takes 
lace. 
. We know, from Mr. I. L. Bell’s works, that the oxida- 
tion of iron by carbonic acid — at about 300 deg. C. 
(570 F.), and is very strong at a high temperature. 

Hammering and rolling do not entirely eliminate these 
blow-boles, as a perfect welding of the metallic particles is 
prevented by the presence of oxide of iron. There remain 
some black streaks which sometimes penetrate to a depth 
of #;in. (2 millim). In order to correct these surface 
defects, the welding must be done by allowing the piece to 
undergo heating at as high a temperature as possible ; the 
steel is then covered with sand, and mered vigorously. 
The oxide of iron which prevented welding is combined 
with silica, and forms a silicate which pressure easily 
expels. This is a general practice in the manufacture of 
fine steels. 

It will be seen that it is an easy matter to remove blow- 
holes when the steel has to undergo mechanical elabora- 
tion ;,but it is not so with castings, and it is very im- 
portant to prevent the formation of these blow-holes when 
sound pieces are wanted, and pieces the resistance of which 
can be relied upon. 

All steels have not the same tendency to produce blow- 
holes while solidifying. Generally, the more a steel is car- 
bonised, the better it will flow while casting, and fewer 
blow-holes will form. On the contrary, the more a steel is 
decarbonised, the less fluid it will be, and more blow-holes 
will form. It is probable that hard steels keep better their 
oxide of carbon in dissolution, or else it escapes more freely 
on account of the greater fluidity of the metal. 

This property of highly carburised steels has led to the 
casting of thin pieces without blow-holes, or almost with- 
out blow-holes. A very hard steel, with about 1.5 of 
carbon, is cast in thoroughly dry moulds. The castings 
thus obtained are left for several days in an oxidising 
atmosphere, or even in contact with a bed of oxide of iron 
or zinc, as in the manufacture of malleable iron. Very 
strong products are obtained in this manner, but they must 
be very thin, and even then they are far from being with- 
out blow-holes. As is the case with malleable iron, thick 
og are out of the question, as decarburising goes little 

y little, from molecule to molecule, and through a solid 
body. If the pieces were too thick, the outside would be- 
come oxidised before there was a thorough decarburising of 
the mass. This very interesting process is carried on with 
success at Sheffield. 

We have to speak now of the German manufacture of 
steel without blow-holes. Every one will remember those 
splendid ingots, clean-fractured, growing in weight at each 
successive exhibition, first beginning with two tons, and 
finally reaching 45. The Krupp ingots, the cast wheels 
and bells of Bochum, certainly astonished the metallurgical 
world for some time. The process of manufacture was 
x ay most profound secret, and has not yet been pub- 


More than six years‘ago, the Terre-Noire Steel Works 
found out, by reasoning rather than by practice, the pro- 
cess of the German works, and the improvements they 
have made have radically transformed the result. 

It seems well proven now that the German products, 
without blow-holes, are obtained by an addition of a very 
silicious pig just before casting ; and thus they are found 
to be highly carburised, and the chemical analysis shows a 
rather considerable portion of silicon, To find an expla- 
nation of the result, we must go back to the theory of the 
Bessemer process. It is well known that the combustion 
of the silicon takes place during the first part of the 
aw ; there is no flame, or rather, there is a series of 

a sparks ; the yellow sodium band, characteristic 
et flames, is not seen ; no oxide of carbon is formed 
H e there remains any silicon to be oxidised ; the silicon 

composes the oxide of carbon, or, which is the same, 
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prevents it from forming; therefore, if blow-holes are 
filled with oxide of carbon, they will be made to disappear 
by the addition of silicon : 
_ Si+3 CO=Si 0°+3C. 
The carbon is deposited and dissolved in the steel, and 
silica is formed. icons shows that steels treated in 
manner are generally without blow-holes. 

In order to prove this theory, the following experiment 
can be made. A bath of silicious pig is formed in a 
Siemens-Martin furnace, and refined by successive addi- 
tions of iron or steel. Tests are taken at short intervals. 
At first, these tests are quite sound, but they become full 
of blow-holes. If a chemical analysis is made, it is found 
that the first honey-combed test contains no silicon, while 
the —— ones contained some. 

If the products obtained in this manner are without blow- 
holes, the quality is rather inferior, in spite of the lo 
annealing they usually undergo after casting. We will 
analyse the several causes of this inferiority. 

ist. These steels are very highly carburised : the pig 
being generally poor in silicon, the operator is led to charge 
a rather large quantity so as to be sure that it will act 
effectually. 

2nd. The silica produced by the chemical reaction that 
destroys the blow-holes is, indeed, generally combined with 
oxide of iron in the bath ; but the slag is slightly fluid, and 
remains in the steel, which is thus made ty It lessens 
its strength ; it may even make it crumble w en trying to 
work it hot. 

3rd. There remains in the final product an excess of 
silicon, which, in addition to the excess of carbon, tends to 
lower its —- 

This influence of silicon on pigs and steels has been any- 
thing but clear for a long time, and it may be said that even 
now it is not perfectly known. I think it useful, at any 
rate, to speak here of the curious experiments made by the 
late Wenzel Mrazek, of the School of Mines at Przibram 
(Bohemia). 

Silicium always had the very worst reputation in metal- 
lurgy. Karsten, whom the Germans modestly call the 
immortal, was the first to assert that silicon gave to iron a 
special red-short quality (faul-briichig), with a i 
fracture—an earthy fracture. This opimion was allowed to 
— without any disputing until lately, when Mrazek 
showed that the action attributed to silicon should 
ascribed to the silica found in the silicate mixed with the 
iron ; for if metallic silicon of quality is added to a 
certain quantity of iron, the original qualities of the metal 
are in no point changed. This view is much more logical 
from a chemical standpoint ; for it is well known that in 
the refining period silicon disappears first of all; it would 
be necessary to suppose that after refining is done the 
silicon is again reduced in spite of the oxidising influences, 
passes back into the metal, and makes it red-short. It is, 
therefore, impossible to believe there is any free silicon in 
the iron in a notable quantity : but the material found is 
silicate, such as that of steel without blow-holes of which 
we have just spoken. 

But if silicon is harmless in a soft metal, it is far from 
being so in a product containing carbon. In a preceding 
communication, I spoke of the incompatibility of carbon 
and phosphorus in steel; and of the necessity of suppress- 
ing carbon when using phosphorus. Mrazek’s experiments 
prove that there is also incompatibility between carbon 
and silicon in steel. The simultaneous presence of carbon 
and silicon causes brittleness, hot or cold, while a cast 
metal, containing slight traces of carbon only, will bear 
up to 7 per cent. of silicon, and still roll well at red or 
white heat, and will even weld perfectly well. Therefore, 
if a quantity of silicon is wanted in a cast steel (and there 
must be some to insure perfect soundness) it will be neces- 
sary, in order to obtain a good product, not to entirely 
suppress the carbon, but at least to lessen the quantity 
considerably. 

At the ‘Terre-Noire Steel Works, the manufacture of 
steel without blow-holes has been perfected by using a 
silicide of manganese and iron, which gives to the product 
remarkable eonlities, The silicon prevents blow-holes by 
decomposing the oxide of carbon, which is in dissolution, 
and tends to escape during solidification. The manganese 
reduces the oxide of iron, and prevents a further produc- 
tion of gases by the reaction of the oxide on the carbon. 
We have seen above that in the decomposition of oxide of 
carbon by silicon, silica was produced, and afterwards a 
silicate of iron, which remained interposed within the 
steel. The manganese allows the formation of a silicate 
of iron and manganese, which is much more fusible and 
passes into the slag. For this reason, ithe metal is not 
altered by a foreign body, and thisis a capital point. _ 

In order to show plainly the complete structural dif- 
ference between pth without blow-holes obtained with 
silicon alone and those obtained with an alloy of silicon 
and manganese, Mr. Pourcel operates in the following 
manner. In a porcelain tube he places two receptacles, 
one holding steel by silicon alone, and the other steel byjan 
alloy of silicon and manganese. A current of chlorine is 

ed until all the iron is removed in a state of chloride. 

t is seen then that in the first receptacle, there remains 

a network of silicate of iron preserving the original form 
of the pieces, while the steel by alloy leaves no residuum. 

We already know that an excess of manganese remain- 
ing in a steel improved the quality of it; we learn from 
Mrazek’s experiments that a slightly carburised steel con- 
taining free silicon and manganese at the same time, can 
be excellent. A steel bearing 


ee oes = 
Carbon pic 0.18 


is very strong and rolls ectly. It is therefore useless 

to be much concerned about the excess of manganese or 

silicon that may remain in the steel cast in this manner. 
More than charges of steel without blow-holes were 


analysed and tested at Terre-Noire, and below are the re- 
sults obtained in tensile strength with cast metal of three 
different qualities. 
Charge in Tons (2240 lb.) per Square Inch. 
Elongation measured on a’ 4-inch Test Bar. 
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This metal is inno respect similar to the steel without 
blow-hole castings made until now; it can be hammered, 
and rolls without flaws; it resists hard blows, and when 
soft will stand considerable bending before breaking ; in a 
word, in the form of a moulded piece, it possesses the same 
properties as a rolled and hammered metal. 

This brings us to speak of a very remarkable er b 
M. Chernoff, an engineer at the Aboukoff Steel Wor s, St. 
Petersburg. ee is on the structure of steel. A 
steel ingot is a y coming more or less rapidly from a 
liquid to a solid state, and preserving a more or Teas crys- 

ine texture. There is one general rule, and that is, 
that all metals possessing a crystalline texture are brittle, 
as for instance antimony, bismuth, zinc in ingots; while a 
confused and inte oa texture corresponds to the greatest 
resistance. Steel is not an exception to this rule, and if a 
fracture is stalline, the piece is very brittle. Fortu- 
— defect can be modified in several ways. 

1. By wey ed re-heating to cherry red, when an ingot 
with coarse fracture, and completely lacking the requisite 
strength, will suddenly be transformed after ordinary cool- 
ing into a fine grained and strong product. 

2. By hammering at a sufficiently high temperature, cast 





steel loses its crystalline structure, provided this hammer- 
ing is continued, while cooling takes place, down to a 
certain 


ogee varying with the different steels, and beyond 
which the metal preserves its whole power of resistance. 
If hammering was left off at a high temperature, and the 
metal abandoned. to itself, the crystalline structure would 
reappear, and with it the lack of strength. 

8. The rapid cooling of a cast metal also destroys the 
egg state : this was observed in wrought-iron armour 
plates. 

Steel, then, seems to behave like an exceedingly concen- 
trated dissolution of a salt easily crystallisable, the crys- 
tallisation of which is prevented by certain precautions 


only. 

For M. Chernoff, as well as for us, unwrought cast 
steel is neither softer nor weaker than a steel of the same 
grain forged at a suitable temperature. 

Of course, we are speaking of steels without any defects, 
mp blow-holes, or else a comparison would no longer 

ssible. 

. Chernoff took a coarse-grained cast steel ingot and 
had it cut lengthwise into four s. One of the quarters 
was transformed directly, on a lathe, into atest bar. The 
second was heated to a bright red bre ry under a steam- 
hammer, the forging bei stopped w the piece was yet 
rather hot. The third piece was heated up to the point at 
which the hammering of the preceding piece had been left 
off, and then was allowed to cool freely. The fracture 
showed a very fine grain, very similar to that of the f 
oe These two quarters were also transformed into test 

ars 


The results of the traction tests were as follows ; 


In Tons per Square Inch. 9 aad 
No. 1. Untouched ingot 38.5 2.3 
No. 2. Forged ingot ... ge fos 45.5 5.3 
No. 3. Ingot reheated and cooled in 
air... ze ne te GO 16.6 
We believe, like M. Chernoff, that it is’ possible to have 
a steel cast directly just as s' as if it was mered, 
provided that the metal be ly without blow-holes, 
and es done away with. 
On M. Chernoff’s part, this is a theoretical —. 


iting from an enlightened study of a material. 
us itis more than an opinion, for we bring a 
Ths Woty interesting ‘taoh- Wah. wich ell ty ba 
@ very in cast mi may have a 
igher density than forged and rolled metal, has not been 
ted out, yet at Terre-Noire it was ascertained that this 
ity varied from 7.8 to 7.9, while that of rolled steel 
never went beyond 7.81. It would seem, from this ex- 





periment, that the rolling process causes not only a diffe- 
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r 
a®nt arrangement of the molecules in reference to 
j nother, but also a slight increase of vol The q 

8 now, in presence of these two facts: ist, that a cast steel 
may be more dense than a hammered one; 2nd, that its 
strength may also be superior. What can be the use of the 
compression of liquid steel ? 

Compression applied to steel was tried simultaneously 
twelve years ago at Terre-Noire, and at Manchester by Sir 
Joseph Whitworth. The first results obtained on the 
Continent were such as to cause the process to be soon 
abandoned and forgotten. Two years ago new experiments 
were made in many places; but it seems well proved now 
that there is nothing to be done in this direction. 

At Manchester, on the other hand, it is said that ver 
interesting results were obtained: the compressed metal, 
it is said, rs 43 tons per square inch, with 32 per cent. 
elongation on a 2in. length (which corresponds to 20—22 

r cent. on 4in.). How are we to explain this difference? 

Jndoubtedly the modus operandi is not the same, for in 
France and in Prussia no such result was ever reached. 

It is to be regretted that, two years ago, during the 
visit paid at the Manchester works, the members of the 
Iron and Steel Institute were not enabled to get any idea 
of the efficiency of the process, otherwise than by a walk in 
a deserted workshop; the explanation of this great diffe- 
rence of results between two neighbouring countries apply- 
ing the same process could then have been found. 

Compression cannot seriously modify density, for when 
the cast metal is perfectly sound, it possesses a densit 
higher than that of forged metal. But it might very well 
happen that, at the time of solidification, crystallisation is 
stopped by a powerful compression, and the metal acquires 
their properties, similar to those of forged product. But 
at any rate, if cuneeeenee can, in skilful hands, give good 
results, these results can be obtained in another way, a 
simpler one, and we believe a surer one; I mean the pro- 
cess I have just explained, in the name of the‘Terre-Noire 
Company. The first practical application of the metal 
without blow-holes, now manufactured at Terre-Noire, 
is due to the genius and perseverance of M. Euverte, the 
skilful director. 

The use of hollow projectiles bursting inside of ships, 
after having penetrated through the armour, has, with an 
equal power of penetration, great advantages on solid pro- 
jectiles. They burst into pieces both numerous and j song 
gerous ; they shake, dislocate, and break the inside lining 
to a great extent, and the resulting leakages cannot be 
stopped up. 

Chilled cast-iron balls being low priced compared with 
forged steel ones (six or eight times cheaper), and the 
manufacture of them much more rapid, a great economy 
—_ be realised, from a military stand-point, by using 

em. 

Gradatz, Finspong, Terre-Noire, Chatillon, Piombino, 
and Palliser, furnished samples, but without any good re- 
sults ; the projectiles split and break in normal firing, when 
= pate they strike against are rather thick. 

n oblique firing, even against comparatively thin walls, 
the chilled iron balls break at 20 deg., and at 30 deg. they 
are pulverised. 

This deformation of the projectile diminishes its penetrat- 
ing power, since the actuating force is spent in sterile 
efforts to break, and, according to Captain Noble’s 


formula : 
Wvy?. 
29 aT 


it is this actuating force that measures the penetrating power 
with equal diameters. Furthermore, the cracks, which at 
first sight do not seem very hurtful, prevent a sufficient 
tension of the gas during explosion of the powder, and poor 
effects are obtained. 

In spite of the seeming boldness in substituting cast for 
forged steel, in spite of the little faith of the ordnance men 
themselves, at this moment the Steel Works at,Terre-Noire 
manufacture regularly 94 in. projectiles capable of pene- 
trating at an angle of 30 deg. plates 8 in. thick, with the 
relatively slow speed of 1400 ft. per second. The projec- 
tiles never break, sometimes the point is slightly bent. 
This is, I venture to say, the severest test a cast metal can 
be subjected to, for in the trials of which I speak, this cast 
metal showed itself superior to forged steel both in strength 


one 
as 
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re ity. 

After this undisputed success of which you undoubtedly 
have heard, for it is now nearly a year old, M. Euverte 
asked himself the question whether the efforts to which the 
metal is subjected in a cannon are not much weaker than 
when a projectile pierces an armour plate. It is true there 
is a difference, for in one case the metal is compressed and 
in the other drawn. 

It is not known yet whether it will be possible to begin 
immediately the manufacture of cannons, in one piece, as 
was formerly done in cast-iron cannons for the navy and 
the defence of towns. But there is one idea which presented 
itself naturally, and is being studied even now—it is nothin 
less than the replacing the cast-iron body by a cast-stee 
ono in coiled guns. ‘Tons, a metal hardly able to stand an 
efort equal to 10 tons, will be replacec by another requir- 
ing 33 tons at least to break it, supposing, for security’s 
sake, that the softest metal was > 

Will the application of this new metal stop here? De- 
cidely not. You know that in the latest trials at Spezzia, 
the 100-ton gun was not able to force a projectile through 
a forged steel armour plate. It is but just to say that the 
plate was pulverised ; but for some ordnance men this re- 
sult is very interesting ; they consider a ship as gee | 
protected when the outside plating is not pierced throug 


by the projectile; they would even prefer to use plates 
thick enough to absorb the actuating force of the ball 
while being pulverised, even if they should leave a portion 


of the ship bare, for it seems very improbable that the 
sme portion of the ship could be struck twice, considering 
t20 distances at which naval fights will take with the 
now artillery. If the new cast metal is used for this pur- 


pose, the softest qualities only must be used, but so far, 
every circumstance points toa great result to be reach 
with enormous economy. 

As to the different industrial applications, they naturally 
present themselves to every mind, and we might even say 
they will push themselves forward, bearing with them 
these two great advantages—solidity and economy. 
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Seems Address of C. Wiut1am Sremens, D.C.L., 
F.R.S., the Presdent of the Iron and Steel Institute. 
(Continued from page 227.) 

Processes.—Having thus dwelt—too long, I fear, for 
your patience—upon the subject of fuel, I now approach the 
question as to the processes by which we can best accom- 
plish our purpose of converting the crude iron ore into 
such materials as leave our smelting works and forges. 

The subject of blast furnace economy has a ly been 
so fully discussed by you, during the term of office of your 

ast President, Mr. ? Lowthian Bell, M.P., F.R.S., who 
as done so much himself to throw light upon the com- 
plicated chemical reactions which occur in the blast furnace, 
that I may be permitted, on the present occasion, to pass 
over this question, and to our attention more 
particularly to those processes by which iron is made to 
attain its highest qualities both as regards power of 
resistance and ductility. 

Iron and steel were known to the ancients, and are 
referred to in their works, but we have no account of the 
processes employed in their manufacture until compara- 
tively speaking recent times. Aristotle describes steel as 
purified iron, and says that itis obtained by remelting iron 
several times, and treating it with various fluxes; we are 
hence led to suppose that in Aristotle’s time steel was 
made by careful selection, and treatment of steely iron, 
which latter was produced by something analogous to the 
Catalan process. 

A method referred to by ancient authors, is to bury iron 
in damp ground for some time, and then to heat and ham- 
mer it. Another ess described first in Biringuccio’s 
** Pyrotechnology,”’ one of the earliest works on metallurgy, 
ana later in Agricola’s ‘‘ De Re Metallica,’’ both published 
in the sixteenth century, is to retain malleable iron for some 
hours in a bath of fused cast iron, when it becomes con- 
verted into steel. Réaumur, in 1722, produced steel by melt- 
ing three parts of cast ironjwith one part of wrought iron 
(probably in a small crucible) in a common forge, but he 
— to produce steel in this manner upon a working 
scale. 

A similar method of producing steel to that proposed by 
Réaumur has been employed in India for ages, the cele- 
brated Wootz steel being the result of partial or entire 
fusion of steely iron and carbonaceous matter, in small 
crucibles in a primitive air furnace, followed by 
a lengthy exposure of the ingots to heated air in order to 
effect a partial decarburisation. 

In 1750, Hasenfratz refers, in his ‘‘ Siderotechnic,”’ to 
three processes for producing steel ; melting broken frag- 
ments of steel with suitable fluxes, fusing malleable iron 
with carbonaceous matter, and.so treating cast iron (pro- 
bably with oxides) as to obtain cast steel directly from it. 

The credit of producing cast steel upon a working scale 
is due to Huntsman, who was the first to accomplish its 
entire fusion in crucibles, placed amongst the coke of an 
air furnace, pouring the fluid metal uced into metallic 
moulds. This process is still carried on largely at Sheffield 
for the production of steels of special qualities, such as 
tool steel, tyre steel castings and forgings, and a ton of cast 
steel in ingot is produced with the expenditure of from 2} 
to 3 tons of Durham coke, according to the degree of mild- 
ness of the metal produced. 

At Pittsburgh, where pot-melting is employed on a con- 
siderable scale, plumbago pots are invariably used of nearly 
double the capacity of the clay pots used at Sheffield ; 18 
or 24 of these pots, each containing about a hundredweight 
of metal, are p in a furnace, each pot lasting twenty- 
four hours, and yielding five charges during that interval. 
The fuel consumed amounts to 1 ton of small slag per ton 
of steel melted, and is delivered to the works at the sur- 
prisingly low price of 30 cents per ton. With these im- 
portant advantages in his favour, the American steel melter 
should be able, one would think, to meet without protection 
his Sheffield competitor in the open market. 

As regards Bessemer steel, great advances have been 
made in reeent times in cheapening production. At Creusdt 
and other Continental works, a system of direct working, 
or of transferring the pig metal in the molten condition 
from the blast furnace to the er converter, has been 
introduced, and the same method has been recently udopted 
at several of the leading English works. By this method 
of working the fuel ey employed in re-melting the pig 
metal in the cupola (say 25 cwt. per ton) is clearly saved ; 
and other advantages are realised, but, on the other hand, 
the Bessemer converter is made dependent upon the work- 
ing of the blast furnace both as regards time and the 
quality of the resulting metal. At Barrow and other large 
works, where a number of blast furnaces supply a number 


of Bessemer converters, and pig metal for the open market 
in addition, this mode of wenking pears to be practicall, 
free from the objection above stated, and a hot e, wit 


its engine, may be kept steadily at work transferring the 
pig metal from one blast furnace or another to the con- 
verters. But it still remains to be seen whether any prac- 
tical advantage can be realised by this method of working 
at smaller works, where a c in the working of the 
blast furnace from Bessemer to forge pigs would cause a 
serious interruption in the working of the Bessemer plant. 

In America, the effort of the i 
rected—chiefly under the guidance of Mr. A. L. Holley— 
towards a sa of labour, by increasing to an in- 
credible extent number of blows per diem from each 
converter. Thus I was informed that at the North Chicago 





has been di- | percen’ 





Steel Works, as many as 73 blows had been obtained in one 


ed | pit in 24 hours, althongh I have reason to doubt whether 


this rate of working could be maintained for any length of 
time. The Americans have not adopted, so far as I could 
ascertain, the direct process of working, but are content 
to remelt their pig metal in large cupolas in immediate 

roximity to the converters ; the wy | of the converters 
has latterly been much increased, and the degree of heat 
engendered by a blast of increased power, has been aug- 
mented to such an extent that a considerable amount of 
scrap metal can be remelted within the fluid bath before 
discharging the same into the ingot moulds. 

Whilst the Bessemer process has been making rapid 
strides, a rival process has gradually grown up by its side, 
which I cannot pass over without remark. I allude to the 
open-hearth steel process, with which my name and the 
joint names of Siemens and Martin are associated. The 
conception of this process is really as old as that of cast 
steel itself. The ancient Indian steel, the Wootz, was the 
result of a fusion of a mixture of malleable and cast iron. 
Réaumur, as already stated, proposed to melt wrought iron 
and pig metal together for the production of steel, as early 
as 1722; and G. B. Heath—to whom we owe the important 
discovery that by the addition of manganese to cast steel 
its malleability is greatly increased—endeavoured to realise 
the conception of producing steel in large masses upon the 
open hearth of the furnace in the year 1839, and he again 
has been followed in these endeavours by Gentle Brown, 
Richards, and others in the same direction. 

When, in 1856, I first seriously gave my attention, in 
conjunction with my brother (Frederick Siemens), to the 
construction of a aE oy gas furnace, I perceived 
that this furnace would be admirably adapted to the pro- 
duction of steel upon the open hearth, and I remember 

roposing it for such a purpose to Mr. Abraham Darby, of 

bbw Vale, in 1861. Ever since that time I have Seen 
engaged in the realisation of this idea, which has been 
retarded, however, by those untoward circumstances which 
ever intervene between a mere conception and its practical 
realisation. Although two of my earlier licensees, Mr. 
Chas. Attwood, of Tow Law, and the Fourchambault 


Com , in France, with whom was my late esteemed 
friend, Mons. Lechatelier, Inspecteur-General des Mines, 
su ed, in 1865 and 1866, in producing steel upon the 


open hearth, they did not persevere sufficiently to attain 
commercial results ; and it was not until after I had estab- 
lished experimental steel works at Birmingham, that I was 
enabled to combat in detail the various difficulties which at 
one time looked well-nigh insuperable. 

Whilst thus engaged, Messrs. Pierre and Emile Martin, 
of Cereuil, who had obtained licenses for furnaces to melt 
steel both in pots and on the open hearth, succeeded, after a 
short period of experimenting, in introducing into the 
market open-hearth steel of excellent quality. 

Whilst Messrs. Martin thus gave their attention to the 
production of steel by the dissolution of wrought iron and 
steel scrap in a bath of pig metal, my own efforts were more 
especially directed to the production of steel by the use of 
pig metal and iron ores, either in the raw state, or in a 
more or less reduced condition, which latter process is the 
one mostly employed in thie country. 

One of the advantages that may be claimed for the open- 
hearth process consists in its not being dependent upon a 
limited time for its results. The heat of the furnace is 
such that the fluid bath of metal, after being reduced to the 
lowest point of carbonisation, may be maintained in that 
condition for any reasonable length of time, during which 
samples may be taken and tested, and such additions either 
of pig metal, of wrought scrap, spongy metal, or ore may 
be made to it as to adjust it to the desired quality. 
Spiegeleisen, or ferro-manganese, is then added in the solid 
condition, in the requisite proportion, and the result isa 
bath of metal, the precise chemical condition of which is 
known, and which has the advantage, if properly managed, 
of being what is technically called ‘‘dead melted,’’ which 
circumstance renders it applicable for certain purposes for 
which pot steel has hitherto been mostly employed. 

The purpose for which the open hearth process is more 
especially applicable has reference to the conversion of 
scrap steel, and iron of every description into steel or ingot 
metal, and it is now used, indeed, to a large extent for the 
conversion into steel of old iron rails. The wearing 
qualities of these conv rails have been under test 
since 1867, when the Great Western Railway Company 
had some old Dowlais iron rails converted into steel at my 
experimental steel works at Birmingham, which was rolled 
into rails by SirJohn Brown and Co., and which have 
been down over since that time at Paddington, subjected 
to great wear and tear. 

The manufacture of steel, both by the Bessemer and the 
open hearth processes, is much facilitated by the use of 
ferro-manganese. This material was introduced into the 
market in 1868, by Mr. Henderson, of Glasgow. It was 
produced successfully by charging carbonate or oxide of 
manganese, and manganiferous iron ore intimately mix 
with carbonaceous matter upon the open hearth of a 
Siemens furnace with a carbonaceous ; but the 
demand for this material was not sufficient to render the 
manufacture profitable at that time, and it was not until 
the year 1875 that it was re-introduced into the market by 
the Terre-Noire Company | ’ 

Manganese, when added in a proportion of .5 per cent., 
or more, to steel or ingot metal, containing only from .15 
to .20 per cent. of carbon, has the effect of removing red- 
shortness, and of making it extremely malleable both in 
the heated and cold conditions. In using spiegeleisen con- 
taining only from 10 to 15 per cent. of manganese, 
it is impossible to supply the amount necessary to produce 
this madleability without adding, at the same time, such a 

tage of carbon as would produce a hard metal. 
use of ferro- enables us to overcome this difficulty, 
and tly facilitates the production of a metal so malle- 
able and with so little carbon, as to remain eally 
ected in its temper when plunged red-hot into water. 
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Another result produced by the use of manganese without 
carbon, upon mild steel or ingot metal, is to neutralise the 
objectionable effect of phosphorus, so long as the latter 
does not exceed the limit of .25 per cent. This metal, in 
which phosphorus may be said to take the place of carbon, 
presents a large specular fracture, and is, contrary to what 
ight have been expected, extremely ductile when cold. 

ron when in the fluid condition can be alloyed with other 
metals, and some of the compounds thus formed are known 
to possess very remarkable properties. Thus, iron com- 
bined with 3 per cent. of tungsten and .8 per cent. of car- 
bon, yields a metal which can be worked like ordinary 
steel, but which, when hardened, retains magnetism to a 
very remarkable degree. A further addition of tungsten 
produces an exceedingly hard metal (introduced into the 
market by Mr. Mushet) which cannot be forged, but 
which when cast into bars, and ground so as to form a 
sharp edge, produces cutting tools capable of great en- 
durance. 

An admixture of chromium has for many years past 
been known to produce steel of great hardness and strength, 
but it is only quite recently that it has been brought into 
practical use in America by Mr. Julius Baur, and been 
taken up in this country by Sir John Brown and Co., of 
Sheffield, who claims for it very remarkable propérties as 
regards strength, malleability, and freedom from corrosion. 

he formation of compounds such as these is a matter of 
great interest in connexion with the future development 
of the applications of steel, and is one of those subjects 
which I venture to suggest might be much advan by 
an organised research, under the auspices of a Committee 
of the Iron and Steel Institute. 

The value of the material known as mild steel or ingot 
metal, consists in its extreme ductility under all possible 
conditions. Its ultimate strength is much inferior to that 
of ordinary steel, and rarely exceeds 28 tons per square 
inch ; its limit of elasticity is reached at 15 tons per square 
inch, whilst the limit of elasticity of a harder steel may 
reach from 25 to 30 tons per square inch, and that of hard 
drawn steel wire from 45 to 50 tons. But in estimating 
the relative value of these different materials by the amount 
of work that has to be expended in causing rupture, it will 
be found,that the mild steel has the advantage over its com- 
petitors. When subjected to blows or sudden strains, such 
as are produced by the explosion of gun-cotton or dynamite, 
extra mild steel differs in its behaviour from that of B B 
iron and ordinary steel, by yielding to an extraordinary 
extent without fracturing, and it is in consequence of this 
non-liability to rupture that it may be loaded to a point 
much nearer to its limit of elasticity than would be safe 
with any other material. 

Attention has been recently directed in various quarters 
to remedy a defect appertaining to steel, that of piping 
and showing honey-combed ap nee in the ingot. It is 
well known that if such steel is hammered and rolled, the 
open spaces contained in it are elongated, and a 
closed up, but in reality continue to form severances within 
the metallic mass, to the prejudice of the uniform strength 
of the finished forging. 

In casting steel containing more than .5 per cent. of car- 
bon, the defect ofjhoney-combing can easily be avoided if care 
is taken to have the metal ‘‘ dead melted’’ before casting 
it into the mould ; and that of piping in continuing the 
inflow of fluid metal for a sufficient length of time while it 
is setting. But in dealing with mild steel containing only, 
say,.2 per cent. of carbon, the difficulty of making a 
sound casting is greatly increased. Much may be done, 
however, by careful manipulation of the fluid metal, and 
by, the judicious addition to it of manganese or other 
oxidisable metals, such as silicon or lead, by which occluded 
ag og is removed. 

ir Joseph Whitworth, who, as you well know, has given 
much attention to this subject, has overcome the evil 
mechanically by subjecting the steel, while setting in the 
mould, to great hydraulic compression. He has thus 
succeeded in producing, in large masses, mild steel of ex- 
a uniform strength, and the only doubt which could 
possibly be raised against the advisability of producing fluid 
steel for ordinary applications by this method is on the 
question of expense. 

The subject of producing sound steel castings is one 
which we shall have an opportunity to discuss in reference 
to a paper which will be presented by M. Gautier. 

Applications of Steel.—The employment of steel for 
general engineering purposes dates only from the year 
1851, when Krupp, of Essen, astonished the world by his 
exhibits of a steel ingot weighing 2500 Ib., and of his first 
steel gun, and introduced a comparatively mild description 
of pot steel for steel tyres, axles, and crankshafts. For 
the production of these he constructed his celebrated 
monster hammer, 
at that time, far surpassed in magnitude and power our 
boldest conception, and is now only being exceeded by a 
= more powerful hammer in course of erection at the 

sen Works. Krupp’s steel was, however, not cheap 
rary and it is to our past President, Mr. Henry mer, 

t we are indebted for the production of steel at such a 
uced cost as to make it available for railway bars and 
structural p oses in substitution for iron, since which 
event the sogientions of this superior material show a 
ae extraordinary rate of increase. Not only do we 
Hes upon steel tyres, running over steel rails, but, at 

. one of our leading railway companies, the London 
- North-Western, has, under the able 
o! =. F. W. Webb, constructed as many as 748 loco- 
motive engines, including boiler, frame, and working 
parts, entirely of that material, excepting only the fire- 

xes which are still made of copper. In France, also, 


— em has been given to the introduction of steel 
machinery purposes, and there, as wellasin the United 
States, ial is used 
largel 
ing 


Germany, and Holland, that material 


construction of bridges 


— + adhpas and other engineer- 





with a falling weight of 45 tons, which, | b 


ent | s 


In this country the application of steel for structural 
mene has occupied the attention of some of our leading 
Civil engineers for many years, and Sir John Hawkshaw, 
when called upon to construct a railway bridge, at Hunger- 
ford, in 1859, proposed the use of steel in order to lighten 
the structure. He was prevented, however, from carrying 
his idea into effect by the rules of the Board of Trade, 
which provide that any kind of wrought material shall 
not’be weighted either in compression or extension to more 
than 5 tons per square inch. Repeated efforts have been 
made since that time to induce the Board of Trade to 
adopt a new rule, in which the superior strength of steel 
should be recognised, and in order to facilitate their action 
a committee was formed, consisting of Mr. William Henry 
Barlow, Captain Galton, and others, who carried out— 
with the pecuniary aid of leading steel manufacturers—a 
series of valuable experiments, showing the limit of elasti- 
city and ultimate strength of various steels, which results 
are published rem y in the ‘‘ Experiments on the Me- 
chanical and other Properties of Steel by a Committee of 
Civil Engineers.” 

At the instance of Mr. Barlow, the British Association 
appointed a further committee to promote the object of ob- 
taining for steel its proper recognition, and this has led 
finally to the appointment, under the sanction of the Board 
of Trade of three gentlemen, viz., Sir John Hawkshaw, 
F.R.S., and Mr. William He: Barlow, F.R.S., who 
were nominated by the Council of the Institution of Civil 
Engineers, and of Colonel Yolland, F.R.S., of the Board 
of e. These gentlemen have upon a report 
recommending the use of steel as a buil material, 
subject to a limit of strength greatly in excess of the limit 
assigned to wrought iron, and it is to be hoped that the 
Board of Trade, by adopting that report, will remove the 
serious drawback which has too long stood in the way of 
the application of steel for structural purposes, and which 
has rendered the construction of large works, such as the 
projected bridge over the Frith of Forth, practically im- 
possible. ' 

As regards the construction of ships of extra mild steel, 
the English Admiralty, following the example set by 
France, has, under the advice of Mr. Barnaby, the Chief 
Constructor, taken the lead of the commercial navy of the 
country, and several corvettes have recently been con- 
structed entirely of that material at the Government yard 
at Pembroke, and upon the Clyde. The constructors of 
merchant ~ ing have been hitherto restricted by rules 
laid down by Poe ’s Registry, which make no distinction 
between common iron and steel in determining the classi- 
fication of a vessel. It is to be hoped that the important 
engineering and shipbuilding interests of the country will 
soon be released from tions which may have been 
well adapted to the use of an inferior material such as 
common iron, but fail entirely to meet the requirements of 
the present day. 

In prc a the use of a material superior in tough- 
ness and in strength produces the double advantage of 
greater safety to life and property, and of an increase of 
carrying capacity to the amount of weight saved in the 
construction of the ship. It should be borne in mind that 
this — weight of a is carried bbe 
increasing the working expenses and power ‘requi to 

ropel the ship, and may just suffice to strike the balance 
Coeta working a vessel designed for long voyages at a 
fair profit or a loss. In constructing the masts and y: 
of vessels of the stronger material, the weight saved is a 
matter of still greater importance, which I am glad to say 
now @ es earnest attention. 

In the United States a committee, composed of both 
military and civil engineers, have been engaged for some 
time upon the subject of determining experimentally 
the structural value of iron and steel, with the advantage 
of substantial support from the United States Government, 
who, after a previous grant of 75,000 dols., have, I observe, 
granted a further sum of 40,000 dols. in aid of the experi- 
mental inquiries instituted by the committee. 

The Council of the Iron and Steel Institute are not un- 
mindful of the importance of this subject, and have invited 
those gentlemen of this and other countries, who have 
given most attention to the production and application of 
steel, to aid us in our forthcoming discussion with the 
results of their experience. ary Sa 

In the course of this discussion, the distinctive limits 
between steel and iron will necessarily engage your at- 
tention. Considering the extraordinary change of phywien! 
condition which iron undergoes when alloyed with small 
percentages of carbon, manganese, hosphorus, tungsten, 
chromium, and other substances, and considering, further, 
that itsis never quite free from some admixture, the question 
of nomenclature is one naturally surrounded with difficulty, 

ut it is becoming one of considerable practical im- 
portance, when rules are to be laid down regulating the 
permissible strength of different grades of these materials. 

Dr. Percy has, in his ‘‘ Metallurgy of Iron and Steel,”’ 
defined steel as iron containing a small percentage of. car- 
bon, the alloy having the property of taking a temper, 
and this definition is substantially equivalent to those found 
in the works of Karsten, Wedding, Griiner, and Tunner ; 
on the other hand, Messrs. Jordan, Greiner, Gautier, 
Phillipart, Holley, and others, define as steel all alloys of 
iron which have cast in malleable masses, whilst Sir 
Joseph Whitworth considers that steel should be defined 
mechanically by a coefficient representing the sum of its 

and ductility. 
With the object of settling this question of nomencla- 
ture, an International Committee was onpoiates at Phila- 
delphia, by the Institution of American Engineers, 
The Committee consisted of the following gen men: Mr. 
I. Lowthian Bell, M.P., Dr. Hermann ding, Professor 
Tunner, Professor Akermann, M. Griiner, and Messrs. 
and they resolved that the 





A. L, Holley and T. Egleston, 
following should be recommended : ; b 
1. That all malleable compounds of iron, with its ordinary 


ards | tion of nomenc 


ingredients, which are ted from masses, or 
from piles, or from any form of iron not in a fluid state, 
and which will not sensibly harden andtemper, and which 
generally resemble what is called wrought iron, shall be 
—_ weld iron (German, Schweisseisen; French, Fer 
soude. 

2. That such compounds when they will from any cause 
harden and temper, and which resemble what is now called 
val — steel,’ shall be called weld. steel (German, 
Schweiss-stahl ; French, Acier soude.) 

3. That all compounds of iron, with its ordi in- 
gredients, which have been cast from a fluid state into 
malleable masses, and which will not sensibly harden b 
being quenched in water while ata red heat, shall be called 
ingot iron (German, Fluss-eisen ; French, Fer fonda.) 

4. That all such compounds, when they shall from any 
cause so harden, shall be called ingot steel (German, Fluss- 
stahl ; French, Acier fondu.) 

The nomenclature here proposed is entitled to careful 
consideration from the eminence for both theoretical and 
practical knowledge of the gentlemen composing the com- 
mittee; but I apprehend that, for common use, the dis- 
tinctions desired to be drawn are too manifold. Moreover, 
the lines of demarcation laid down run through. materials 
very similar, if not identical, ia their application, where a 
distinction in name would be extremely difficult to main- 
tain, and awkward todraw. Take, for instance, railway 
bars from ingot metal, which are usually s ified to bear 
a given dead load without deflecting beyond certain limits, 
and to resist a certain impact without rupture. The ma- 
terials answering to these requirements contain from .2 
to .6 per cent. of carbon, depending in a t measure 
upon the mode of agen and upon the amount of 

ixture of phosphorus, sulphur, silicon, and ese. 
But inasmuch as the quality of tempering depends chiefl 
upon carbon, part of the rails delivered under such speci- 
fication might have to be classified as ingot iron, and part 
as ingot steel. The committee omits to define the degree 
of hardening which it considers necessary to bring a mate- 
rial within the denomination of ingot steel. It is well 
known, however, that the temper depends upon the exact 
temperature to which the metal is heated before being 
plunged into the refrigerating medium, and also upon the 
temperature and conductivity of the latter, and that i 
metal with even .2 per cent of carbon, when plunged hot 
into cold water, takes a certain amount of temper. 

The questions of the amount of import duties payable 
in foreign countries upon metal occupying a position near 
the proposed boundary line, would also lead to consider- 
able inconvenience. é‘ 

Difficulties such as these have hitherto prevented the 
adoption of any of the proposed nomenclatures, and have 
decided engineers and manufacturers in the meantime, to 
include, under the general denominations of cast steel, ali 
compounds consisting chiefly of iron, which have been yro- 
duced through fusion, and are malleable. Such a general 
definition does not exclude from the denomination of steel, 
materials that may not have been produced by fusion, and 
which may be capable of tempering, such as shear steel, 
blister steel, and puddled steel, nor does it interfere with 
distinctions between cast steels produced by different me- 
thods, such as pot steel, Bessemer steel, or steel by fusion 
on the open hearth. The forthcoming discussion, will, I 
hope, lead to =o agreement regarding this ques- 
s (To be continued.) 





FOREIGN AND COLONIAL NOTES. 


The Meuse and the Rhine.—The construction of a canal 
between the Meuse and the Rhine has been proposed of late, 
and the question appears to be occupying a considerable 
amount of attention as well in Germany as in Belgium. 

Military Ballooning.—The French Government is about 
to sell by auction the last four mili balloons which 
were constructed during the siege of Paris. These bai- 
loons are considered unfit for service, and they are accord- 
ingly not likely to realise very much. They are to be re- 
placed with new ones, the French budget of 1877 con- 
taining an item of 80001. for military ballooning. 

The War Nawies of the World.—The number of vessels 
of war owned by the great. maritime nations amounted in 
1876, according to some official statistics lately published 
in Germany, to 2039, of which 209 were ironclads. The 
armament comprised 280,000 men and 15,000 guns. As if 
all this were not enough, 110 war vessels, including 56 
ironclads, were in course of construction. 

Southern Pacific Railroad.—The Southern Pacific Rail- 
road i ng A has completed a section 50 miles in length 
on its Yuma division. road is expected to cross the 
Colorado into Arizona in a few days. 

North American Telegraphy.—The Atlantic and Pacific 
Telegraph Company has decided to construct 10,000 miles 
of new fon, so as to complete the present system of wires 
operated by the company. 

Dock Accommodation at Brisbane.—A dry dock at 
South Brisbane, Queensland, is proceeding satisfactorily. 
New wharves at Petrie’s Bight are nearly completed, and 
will shortly be available for the use of shipping. 

Rolling Stock on the Southern Pacific.—The Southern 
Pacific poe A Commeny we Pt 18 ——— 11 re- 
iring shops, motives, senger cars, baggage 
cars, mail and express cars, freight cars, 12 dump 
cars, 54 hand cars, and 99 section cars. 
The American Railroad Interest.—No less than 86 rail- 
roads were either sold under foreclosure, or were placed in 
the hands of receivers, or defaulted, in the United States in 
the course of 1876. These railroads represented an a, . 





te mileage of 14,179 miles, and an aggregate cap 
$12,509,000 dols. 
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THE LOAN COLLECTION OF SCIENTIFIC 
APPARATUS. 
Execrriciry AND Maenetism.—No. IX. 
ELECTROMETERS—(continued). 

As Sir William Thomson’s large quadrant electro. 
meter, which is shown in operation in Fig. 9, an- 
nexed, and-of which we described a simpler mo- 
dification in our last notice,* consists of a com- 
bination of that with other electro-static instruments, 
it will be necessary, in order to make a description 
of it clear, to refer to those other instruments first. 

From what has been said it will be readily under- 
stood that in order to obtain absolute measurements 
by the quadrant electrometer, it is necessary that 
the needle, and therefore the Leyden jar with which 
it is in electrical communication, should be main- 
tained at a uniformly constant electrical potential, 
and it therefore became necessary, in order to make 
the instrument a perfect one, to provide it with (1) 
a gauge or indicator by the position of which the state 
of the potential of the movable conductor or needle 
may be accurately indicated, and (2) a means 


whereby the potential of the jar and needle may be | 
under absolute control, that is to say whereby it 














[F F 


may be raised should the gauge indicate too low a 
potential or lowered should it be too high. 

The gauge consists of an electrometer of a class 
different altogether from those which we have pre- 
viously described, which class is known by the 
name of “attracted disc” or “‘ trap-door” electro- 
meters, 

The first idea of attempting absolute electrical 
measurement by the attraction or repulsion of elec- 
trified metallic dises is due to the late Sir William 
Snow Harris, who by means of a delicate balance 
was able to measure the force of attraction or 
repulsion in terms of weight lifted. Sir William 
Snow Harris's eg eC ee consisted of the beam of a 
delicate chemical balance suspended from an insu- 
lating stand ; to one end of this beam a horizontal 
metallic disc was suspended by a fine wire, and to 
the other end a scale-pan, into which weights could 
be placed, was attached by threads of silk, Imme- 
diately below the suspended metallic disc, and co- 
axial with it, a similar horizontal disc of metal was 
supported upon a rigid insulating stand which was 
capable of being raised or lowered so as to vary the 
distance between them ; and in order to measure 
that distance the sliding stem of the support carried 
a scale divided into inches and hundredths so 
placed that when the discs were in contact and at 
- same electrical potential its index pointed to 

ro. 

In experiments with this instrument the balance 
beam, and therefore the upper disc, was placed in 
electrical communication with the earth or with the 
outer coating of a Leyden jar, and the lower disc 
was maintained at a high potential by connecting 
it with the inner coating of the same jar. The 
effect of this was that the upper disc being attracted 
by the lowtr, appeared heavier than before, and 
additional weights had to be added to the scale- 
pan in order to reatore the beam to its normal posi- 
tion, Different distances between the discs, as 


* See ENGINEERING, page 201 ante. 














measured on the sliding scale, required different 
weights to be added to the scale-pan in order to 
bring the index of the balance to zero; and from a 
series of experiments at different distances, Sir W. 
Snow Harris deduced the law that, when all other 
circumstances are equal, the attraction between the 
discs varies as the square of the quantity of elec- 
tricity with which the lower disc is charged. Sir 
William Thomson, however, pointed out several in- 
strumental sources of error in this method of inves- 
tigation, and at the British Association meeting, 
which was held at Glasgow in 1855, he exhibited 
an instrument embodying its principle, but avoiding 
some of its defects, and to which he gave the name 
of the ‘* Absolute Electrometer ;” but as it has been 
entirely superseded by more reliable instruments, 





Fic. 9. 


we need not describe it here. In an improved form | 
of this instrument the central portion only of 

the upper disc was movable, the circumferential 
portion remaining as a fixed ring and separated from 
the inner portion by a very small annular space. 
Both inner and outer portions were in electrical 
communication through the beam and support of 
the balance, and the lower disc remained intact as 
in Snow Harris’s instrument. The electrical part 
of the instrument, therefore, consisted of two large 
parallel plates with a circular aperture in one of 
them nearly filled up by a light circular dise which 
was suspended from the beam of a balance and pro- 
perly counterpoised at the opposite end, e 
upper disc and its ‘‘guard-ring” (as the circum- 
ferential portion was called) were connected with 
the body whose potential was to be determined, 
and the lower disc, which could be raised or lowered 
by means of a micrometer screw, was maintained at 
a constant positive potential by being in connexion 
with the inner coating of a Leyden jar. The ful- 
crum of the balance was a fine torsion wire stretched 
horizontally between two fixed metallic supports 
which were in metallic connexion with the guard- 
ring surrounding the movable disc, That end of the 
beam from which the movable disc was suspended 
was divided into two arms so as to form a sort of 
fork, which embraced a little fixed plate of enamel, 
on which were marked two black dots, and stretched 
between what may be called the prongs of the fork, 
and.in front of the dots, was a fine black hair. The 
instrument was so adjusted that when the hair was 
seen midway between the dots as shown enlarged in 
Fig. 7, the instrument was at what may be called 
its sighted position. Fig. 6 refers to a different 
instrument, to which we shall refer further on, but 
it is fitted with a similar indicating contrivance at 
F. In both cases, for the avoidance of errors of 
parallax, the hair and dots are viewed through a 
plano-convex lens attached to a rigid of the in- 
strument, Measurement by this electrometer is 
effected by first observing—when no electrical forces 





are in operation—what weight must be placed w 

the movable disc in order to bring the hair toits 
sighted position, and then by removing the weights 
allowing electrical attraction to take place, and ad- 
justing the distance between the discs by means of 
the micrometer screw until the hair returns to its 
sighted position. It’ is clear then that the force 
of electrical attraction is equal to the gravitating 
force of a known weight, since precisely the same 
work has been done by each, and as the area of 
the attracted disc and its distance from the lower 
plate are known, as well as the attractive force be- 
tween them, the difference of potentials of the two 
discs can be determined in terms of absolute weight 


In a more recent form of this electrometer the 









central aperture in the a is of rectangular 
shape, and is nearly filled up by a light trap-door of 
aluminum foil. Fig. 6 is a diagram of the two plates 
of the portable electrometer, the principle of which 
embodies that of all the attracted-disc electrometers of 
Sir William Thomson. In this instrument the lower 
plate B is perforated by a rectangular hole at its 
centre, within which so as nearly to fill it up, is 
supported by a torsion wire D E the blade A of the 
thin aluminum lever A F, which is furnished at F 
with a.fork carrying a hair similar to the sighting 
apparatus in the absolute electrometer above de- 
scribed, This lever, which is shown in Fig, 8, isin 
form very like a gardener’s spade, in which the 
‘‘ trap-door” A is represented by: the blade of the 
spade, the sighting hair F by the handle, and the 
stem S by the shaft. This spade-shaped movable 
conductor is attached to and held up under the 
lower disc by the wire E D, which passing through 
its centre of gravity forms its fulcrum of oscillation. 
The blade A nearly fills up the hole in the plate, 
and lies in the same plane with it, so that the 
whole system may be regarded as one plate, of 
which a small central area is movable, en the 
trap-door is in position the torsion of the wire 
is always the same, and as observation by 
this instrument is effected by balancing the force 
of the electrical attraction of the upper plate 
against this torsional force so as to bring the 
hair to its sighted position, it follows that the 
difference of potentials between the two plates 
is. directly proportional to the distance between 
them, and this distance is varied by turning a 
micrometer screw which raises or lowers the upper 
disc, the stem of which slides in vertical guides of 
great perfection, the amount of its motion bein 

measured with extreme by a scale an 

micrometer head, ‘The lower plate B is in permanent 
connexion with the inner coating of a Leyden jar, 
which almost envelops the instrument, and which 
is kept free from moisture, and therefore well in- 
sulated by the hygrometric action of strong sul- 
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phuric acid contained in lumps of pumice-stone 
within the case. The upper plate is connected by 
a light spiral wire to the main electrode of the in- 
strument, by which it is placed in communication 
with any external body whose potential is to be 
determined. In this determination two observations 
are taken, the first to ascertain the difference of 
mtial between the external body and the Leyden 
jar, and the second the potential difference between 
the Leyden jar and the earth. The difference of 
tential between the body and the earth is there- 
‘ore obtained by subtracting the one observation 
from the other. At the Loan Collection there were 
several specimens of this beautiful instrument ex- 
hibited by Sir William Thomson, and which formed 
a most interesting series illustrating the history of 
their development. They were all made by Mr. 
James White, of Glasgow, and display great beauty 
of workmanship. 

Want of space will not permit us to describe the 
several modifications of this instrument, such as the 
‘‘ standard,” ‘long range,” and other attracted- 
disc electrometers, which are identical in principle 
and differ only in constructive detail to suit the 
various purposes for which they are intended. 

To return to the large Quadrant Electrometer, 
which is illustrated by Fig. 9 on the previous page, 
the gauge consists of an attracted-disc electrometer 
identical in principle with the “portable” instrument, 
but having the disposal of the two dises inverted, so 
that the perforated plate and ita attracted disc are 
at the top, The two are fixed apart at a distance 


which be altered within certain limits (from 
Bs in. to.) in,) as a pomens adjustment, so as to 

mit of greater or sensitiveness being given to 
the 


inennent The lower dise is in electrical con- 
nexion with the inner coating of the Leyden jar and 
therefore with the needle, the upper disc being con- 
nected with the earth, and the gauge is so adjusted 
that its hair comes to its sighted position when the 
potential of the jar differs by a certain definite 
amount from that of the earth, and when this is the 
case the needle within the quadrants is at its normal 
electrical potential. 

« The needle and quadrants, which constitute the 
electrometer proper, do not in any essential res 
differ from the modified instrument descri on 
pege 201 of the present volume, and illustrated in 

gs. 4 and 5, we need not therefore describe them 
again. The illustration (Fig. 9) on the previous 

ge is taken from a photograph of Sir William 
Pesmeen’s large Quadrant Electrometer, constructed 
by Mr. James White, of Glasgow, which formed 
part of the collection at South Kensington, and 
which is, without doubt, the most perfect instru- 
ment ever constructed for measuring differences of 
electro.statical potential. In it every electrical and 
mechanical condition necessary to insure accurate 
scientific performance has been thought out and 
fulfilled, and as a specimen in illustration of the 
exquisite perfection to which modern workmanship 
has arrived, it was certainly unrivalled in the col- 
PT era taal pat insiih daildiehi' ak A Naini 

n general a ce it consists of a hexagon 

case a iesatien rted on three levelling screws, and 
provided with windows through which its internal 
arrangements can be seen. Within this case is 
fitted the Leyden jar, which is of the form of a cy- 
linder with a rounded bottom not unlike that of a 
Minié rifle bullet, Its outer coating consists of 
strips of tin-foil with spaces between, through which 
its interior may be seen, and the inner coating is 
strong sulphuric acid into which the wire of the 
needle dips, and which by its hygrometric properties 
maintains the interior of the instrument in a dry 
and well insulated condition. 

The mouth of this jar is closed by a brass cover 
to which all the interior works of the instrument 
are attached, and which can be lifted off at pleasure. 
The quadrants and needle are below the cover and 
therefore within the jar, and the mirvorjand gauge 
are within the semi-cylindrical lantern which is seen 
rising above the cover, the gauge being uppermost 
of all the lens of which is seen in the illustration 

rojecting from the top of the lantern to the left. 

hind the lantern and attached to the main cover 
is a circular spirit-level, to enable the instrument 
to be accurately levelled by means of the three 
screws upon which it stands. 

Upon reference to the figure there will be seen 
three terminal electrodes projecting above the top 
of the lantern; the two to which the spiral wires 
are attached are the main electrodes of the electro- 
meter, and are in electrical connexion respectively 
with the two pairs of quadrants within the instru- 


ment, To these terminal screws are attached the 
bodies, the difference of whose potentials is under 
investigation, which in the figure are the two poles 
of a cell of Menotti’s voltaic battery. The third 
terminal is the end of the ‘ charging rod,” which 
can be placed in connexion with the acid in the jar, 
and through which the jar is charged with positive 
electricity by means of an electrophorus or by the 
‘*Replenisher” of Sir William Theween, to be 
hereafter described. Projecting from the main 
cover of the instrument and to the left of the 
lantern in the figure is a fourth electrode. This is 
in connexion with an insulated induction plate 
placed immediately over one of the upper quadrants, 
the object of which is to give to the electrometer 
different degrees of sensitiveness by allowing the 
effective charge of one pair of quadrants to be 
varied by the influence of the induction plate. 
Besides this the spaces between the quadrants are 
capable of being varied, each quadrant moving in 
a radial slot, three of them being adjustable by hand 
and the fourth by a micrometer screw which rises 
above the cover. 

The Quadrant Electrometer, besides being largely 
used as a self-recording meteorological instrument 
for registering, by means of photography, the va- 
riations of atmospheric electricity, is of the utmost 
value in every branch of electrical research, and to 
the Telegraph electrician it is almost. indispensable, 
By it resistances and electrie capacities may be mea- 
sured, and as an instrument. for testing the insula- 
tion resistance of submarine eablesit is unsurpassed. 
Its range of capabilities is extraordinary, for while 
it can measure great differences of electrical poten- 
tial, it is of such extreme sensitiveness that it will 
detect and measure a difference of potential equal 
to that of one hundredth part of one Daniell’s cell. 

We must defer till another occasion a description 
of the very beautiful contrivance called the Res 
plenisher, whereby the potential of the jar and 
needle is under perfect control. 
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ie of Lake Fucino, accomplished by His Ew. 
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[CoNcLUDING NOTICE. ] 


On the 9th of August, 1862, the waters of the 
Lake Fucino were admitted into the new works, and 
a partial drainage took place, the water being 
allowed to flow until the 30th of September, 1863. 
During this "period of 417$ days, the tunnel was 
closed and opened several times, amountingaltogether 
to a period of 124 days. For the 405 days the average 
discharge had been 2520 gallons per second, amount- 
ing altogether to 123,436,500,000 gallons, and the 
level of the lake sank 13.933 ft. When this level 
had been obtained, it was judged expedient to push 
on with the unfinished tunnel, but not to carry it 
beyond the head of the old Roman gallery. When 
this was completed a second partial draining was to 
be effected, and the Torlonia tunnel extended 
another 720 yards, This extension was to be made 
in order to avoid the formation of a deep canal 
which otherwise would have been necessary to 
establish communication between the tunnel and the 
basin of the lake, 

On the 25th of August, 1865, the work of drain- 
ing was resumed, this time through a tunnel equal 
in length to that of the old work. This second 
operation was continued till the 30th of April, 1868, 
with 122 days’ interruption in all. On the 25th of 
August, 1865, the surface of the lake stood at 
28.005 metres above datum ; on the 30th of April, 
1868, it stood at 20.285 metres, so that during the 
interval the level had been reduced 25.328 ft., and 
the depth of the lake was reduced to 18.488 ft., and 
the area of water, which had been 38,873 acres, 
was diminished to 23,230 acres. The quantity of 
water carried off during the actual period of drain- 
ing was 2112 gallons per second, 

In November, 1869, the Torlonia tunnel was 
entirely completed, wie | the exterior or head 
works yet to be done, e total length of the 
tunnel is 6887.51 yards, its slope is 1 in 2000 for the 
first 393 yards from the outfall and 1 in 1000 for 
the rest of the distance. Its cross-section has a 
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uniform area of 211.077 square feet. Admitting 


water to a depth of 17.25 ft., and leaving a space of 
1.64 ft. between the surface of the water and the 
head of the tunnel, the latter can discharge 
49.6 cubic metres per second. The invert ‘at the 
ae of the tunnel is 2113.13 ft. above the mean sea 
evel, 

Of the whole length 


2813.5 5 were excavated throngh rock, and are not 
344.3 ~—_ through softer rock, and are lined with 


rick. 
3729.8 yards are through clays and broken stone, and 
are revetted in masonry. 


6887.6 yards total length. 


In the course of construction 28 shafts were sunk 
or repaired, having a total length of 1560 yards, and 
two inclined galleries together 568 yards; the 
deepest of the shafts was 353ft. The work was 
commenced in March, 1856, and completed in 
November, 1869. Of this period three years and 
ten months were occupied in draining the lake. 

At the head of the tunnel and for a length of 
21.8 yards, the section of the gallery is increased to 
a@ maximum of 430 square feet, or double the normal 
cross-section. This enlargement was rendered ne- 
cessary by the structure which forms the real head 
of the tunnel, and occupies the last 11 yards of its 
length. This structure consists of a block of 
masonry 20.34 ft. in depth, provided with a cutwater 
5.25 ft. deep, and 6.56 ft. wide. ‘This pier divides 
the tunnel which at this point is 19 ft. 8in. wide, 
into two parts, each 6.56 ft. wide by 17.63 ft. high ; 
the cross-section of each of these openings being 
rather more than half that of the tunnel. Each of 
these divisions is fitted withasluice. Ata distance 
of 2.40 yards above the face of the pier is situated 
the real entrance to the tunnel, which consists of a 
semicircular arch 9.84 ft. radius, springing from 
vertical side walls 16.73 ft. high. This arrangement 
was adopted to facilitate the working of the sluices, 
In front of the tunnel mouth there is a regulating 
basin, the bottom of which is on the same level with 
the invert of the tunnel, but the invert of the 
central canal, which enters it at a distance of 
12.11 yards from the entrance of the tunnel, is 
placed .9.02 ft. higher. On this latter invert 
there is a dam forming the fourth side of the 
rectangular regulating basin, which measures 
64.41 ft. wide by 72.55 ft. long, the depth being 
48.06 ft. besides the parapets 3 ft. in height. This 
basin is divided into three parts by stone walls, the 
middle division being 32.80ft. wide. The dam at 
the end of the basin consists.of two piers which 
with their side walls form three arches; the height 
of the dam above invert is 39ft., and it is sur- 
mounted by a parapet similar to that running around 
the basin, The piers are 7.87 ft. wide, 39.37 ft. 
high, and are placed 13.123 ft. apart. Grooves are 
formed in the sides of the piers to receive the frame- 
work closing the openings. Over the mouth of the 
tunnel is placed a pedestal 24 ft. high, and the base 
of which is a monolith weighing nearly 19 tons. 
Upon this pedestal- is erécted a statue 19ft. 6in. 
high of the Virgin. The final stage of draining the 
lake was recommenced from the now completed 
tunnel on the 22nd of January, 1870, and the work 
of adjusting the reclaimed areas had to be under- 
taken, The result of these negotiations, which in- 
volved a considerable amount of litigation, was the 
laying out of a road 23 ft. wide enclosing the land 
conceded to Prince Torlonia.. The length of this 
road is 32.31 miles, and all the other roads upon the 
estate start from this boundary. ‘These paths were 
laid out as the water in the lake receded, and 
followed the direction of the drains which were 
placed 1093 yards apart. The houses of the culti- 
vators of the reclaimed land are built on the line 
of these roads in pairs, Each house has 61.75 
acres of ground attached to it. As already stated 
these works were carried on simultaneously with 
the further draining of the lake, which was com- 
pleted in June, 1875. The following is a summary 
of the total amount of work executed or to be ex- 
ecuted in the lake, and upon which 4000 or 5000 
workmen are employed. 


Roads—total length ... 103-793 
Canals and ditches ... 62 «8 
Ditches... gee 402 «454 


The total number of houses to be erected on the 
estate will be 400, besides two churches. 

The following is a summary of the cost of the 
whole works, which, however, is not actually com- 





plete, as the uudertaking is not yet finished : 
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Construction expenses including 5 pe 
cent. interest ... foo os oie 
Laying out drains, roads, canals, &c. 
uilding houses, bridges, &c., and 
litigation expenses. Including 5 per 
cent. interest ... oni bon ee 
Preliminary expenses, connected with 
acquiring the stock of the original 
company, and other expenses not in- 
cluded in the foregoing ove 


aa 
The area recovered is some 35,000 acres, so that 
the cost per acre has been hi ge es 50/. per 
acre. Whether the actual value of the property 
thus created will repay for the outlay remains to be 
seen, Meantime all praise is due to the spirited 
capitalist who undertook the work, and the eulogy 
with which the authors of this book we have re- 
viewed conclude is not exaggerated. ‘The Ro- 
man Prince of the nineteenth century has not 
only not hesitated to claim the onerous legacy 
which the greatest man amongst the ancient Ro- 
mans had bequeathed to his successors, but he has 
also been able to give this legacy a much more 
elevated character than it had in the spirit of its 
testator ; it was a grand but selfish political idea 
which animated Julius Cesar; Prince Torlonia, on 
the contrary, was inspired by the Christian senti- 
ment of love towards humanity, and under this 
vivifying breath, the dream of nineteen centuries ago 
has become a gigantic reality. All nations, uniting 
in this sentiment which dictated to Italy the words 
of gratitude that she has engraved on a golden page 
in honour of her illustrious son, will surround with 
the purest halo of glory the name of Alexander 
Torlonia.” 


£ 
964,160 
577,700 


183,625 





Acoustics, Light, and Heat? By Wiuu1am Less, M.A., 
Lecturer on Natural Philosophy, Watt Institution and 
School of Arts, &c. With 200 Illustrations. London and 
Glasgow : William Collins, Sons, and Co. [Price 2s. 6d. 

This treatise forms one of Messrs. Collins’ Advance 

Science Series, a series many volumes of which we 

have had occasion to commend. In the preface to 

the book now before us the author states that the 

‘‘ treatise has been prepared in conformity with 

‘the Syllabus of the Government Department of 

‘‘ Science and Art, as indicated for the advanced 

‘‘ Stage Examination,” and to the student training 

for the examinations here referred to the work will 

no doubt be of much service. Mr. Lees treats of 
his subjects concisely and clearly, and the free use of 
illustrations and diagrams throughout the work 
greatly assists the object the author has in view. 

‘The volume contains a number of problems with 

their solutions, and these will further aid the stu- 

dent in testing his knowledge as he proceeds, while 
appended are the examinations of the Science and Art 

Department from May, 1872, to May, 1876. 








HIRN’S THERMODYNAMICS.—No. IV. 


Tue UNtversaL LAW WHICH COMBINES THE TERMS 
~L, R, P, v, V ann T. 
In the general form of the equation 
dQ=K dt+dAH+dAF 
we have to add three new terms : 
1. .)=the space occupied by the atoms of the body, the 
atomic volume. 
2. v=(V—.~)) that not so occupied, the interatomic 
volume. 
3. R=the resistance to expansion produced by molecular 
attraction. 
When it takes the form 
dQ=K dT+A [(R+P) dv+u(d R+d P)) 
and may still be considered correct, as R may be 
taken as the only variable, and the question arises 
within what limits certain values of R agree with 
things as they are. 

Given, for instance, the internal work, A H=1— 
0.4= 0.6, whence H=425 x .6=255 kilogrammetres, 
which este when a kilogramme of water passes 
from 4 deg. to 5 deg., and knowing the variation 
(v.—v,) of the interatomic volume corresponding to 


this work, the divisor 255 _R gives the mean re- 





p a ee 
sistance overcome, which determines H. But within 
what limits does the mean value represent the sum 
of the molecular forces in the water ? 

_ Of this we shall be able to judge, when from con- 
sidering R homogeneous, we shall be able to 
establish the rational relation which exists between 
the different variables P; R, V, 'T and v. in 

I. Discussion of the Law of” Mariotte and Gay 
Lussac.—The usual statement of this law is 
p=p, Vo 1tet, 
1+ ty 


: . v 
The coefficient of expansion of gases « was fixed'. 








ty ay Lussac at .00375 and by M. Regnault at 
5. 

It is from the ratio of « to unity that the absolute 
zero has been obtained, or, 


lta t_3+t _272.85+t_T 


=> 


l+at $+t 272.85+t, T, 





whence 


M. Regnault has shown that this equation is not 
exact, and for certain gases not more than approxi- 
mate, and M. Clausius and Rankine have shown that 
it does not apply to saturated vapours. 

That the law may be true it is necessary that there 
should be no molecular attraction or force tending to 
a diminution of the volume, and the law of Mariotte 
should be stated, 

—p (Yo-) vuiry._w) Po 
P Poy ratte (Vo—) pre: 

The sole inspection of this corrected law shows 
that if the molecular attraction is 0 in a gas, P in- 
creases more quickly as V diminishes, than is indi- 
cated by the law of Mariotte. This has been proved 
by M. Regnault, who found that when the volume 
of hydrogen is reduced from 1 to ysth, the pressure 
rises to 20.26872. 

Substituting these values in the equation, 


20.26872—= 1 ( a. 
—) 


whence, 


»-=.0006973. 
If in hydrogen the attraction were zero then a 
reduction of volume to ,yth eae give 
aii 1—.00069 ban 
P=1(-— han +) =10-08s198 
whilst experiment gave 10.05607, the difference 
being .000708. ap ont er 
The following enunciation is made: No gas can 
obey the law of vé 
—p, o> 
P=Po —) i, 


(Ve-v) T 
Pa? Ste oe 
*W=y) To 
if it is of such a nature as to undergo any change 
of temperature when without performing external 
work, it passes suddenly from a p omer po P, to an- 
other P, 7 P,; and that the gas departs the further 
from the law as the change of temperature is greater. 
By the employment of the connected cylinders 
formerly referred to, 
Po (Vo— = Pu (Vi— Pp) 
may be shown to follow, and if so, there cannot be 
the least change in the temperature in passing from 
the one volume to the other without our being com- 
lled to conclude that the gas no longer obeys the 
w given in the enunciation. But without admit- 
ting the theorem it is shown that there being a fall 
of temperature by fall of pressure, if the gas obeyed 
the law of Mariotte the volume in the larger cy- 
linder would be 4.6335 V, instead of 5V, with a 
fall of 20 deg., and diminution of pressure to P,= 


or even, 





P,. 

. External work to the amount of .3665 would be 
consumed in producing an effect the very opposite 
of that indicated by the first principles of caine. 
dynamics, which in place of heating the gas, would 
on the contrary cool it; or otherwise a gas would 
expand in cooling. 

Thus a gas ceases to obey the law of Mariotte and 
Gay Lussac from the moment that the changes of 
volume of the gas are accompanied by internal 
work, because it is exclusively to the internal work 
that the changes of temperature can be due which 
produce expansion without internal work, and this 
internal work is due solely and exclusively to the 
reciprocal attraction of the atoms. This explains 
why carbonic acid which cooled most in the experi- 
ments of Joule also deviated most from the law of 
Mariotte in the experiments of Regnault, 

Assume a gas in which the atomic attraction is 
nil. The corrected law of Mariotte would explain 
the relations of P, V, and T, in which P would re- 
present the calorific repulsion, and would with V 
constant serve as the direct measure of T. Conceive 
now that the atoms could be endowed with an at- 
traction. which we could increase at pleasure. The 
volume being constant, this attraction would assist 
P in equilibrating the calorific repulsion, P’ would 
diminish as the attraction increased, and if R repre- 
sents the actual intensity of this kind of internal 
pressure we should have 


P+R=(Pot+ Be) Gap 


—=> 
P, being the external and R, the internal pressure 
corresponding to V, and T,. In this hypothesis R 
is necessarily homogeneous, and however its - 
nitude varied, the above law, which M. Hirn 

the corrected law of Mariotte and Gay Lussac, 
would express the reality of the phenomena. If R 
is the atomic attraction we should find the uncorrected 
laws give results more false, and a gas would cool 
more in Joule’s experiment, as R is greater. In fact, 
no gas or vapour obeys regularly the law of Mariotte 
and Gay Lussac as hitherto enunciated, and it re- 
mains to adapt the corrected law to the same uses 
as the other. 

II. Theoretical Determination of the Pressitre R in 
Gases and Vapours.— Whatever idea we form of the 
atomic attraction, the intensity of this force is a 
function of the reciprocal distance of the centres of 
attraction, and consequently a function of v. 

On ~ hypothesis of ete ene of R Be: 

es and vapours, we see that (P,+R,), (V.— 
ing known, and P, T, and (Wb) Be tears 
we know R. As a first approximation we ma 
neglect \ we — ehh Substituting in be 
uth Ti. 
=(P,+R,) (Vs the value P=P, (+ ) 

( T ») (Vo)a, ( o 
multiplying by (V-—~y), and 6 representing the 
change of temperature which occurs in the passage 
of the body from V, to V, we obtain 


B (V—a))=(Pe+ Bs) (Vomab) 74=8-Py (Ve) 
whose complete differential is ‘ 
(Va) dR+Rd V=—(Po+ Ba) (Vo-y) 28 
As on the hypothesis there is no external work, 


the change 6 is due to internal work, and this, R being 
homogeneous, has the value R d v=Rd V, hence 


EKd6=R@V, and d6= — 
Substituting this value of d 9 in the above dif- 


ferential, and inept between the limits R= 
=V, and V=V we have 





R, and R=R and 
log. * =fi+A (Po+ Ry) (Vor) log. V-v 





K To Vo-v 
and substituting (1+) for the quantity in the large 
brackets 


R=R, (WoV)\ +4 = Bf \it+a 

( v=) ( uv ) 

Such is the remarkable relation subsisting between 
the interatomic volume, and the internal pressure 
supposed homogeneous, Introducing this value 
into the expression of the corrected law of Mariotte 
and Gay Lussac we have 


p—(Pot+Re) (Vo-~) ’ : Ry Cet 1+a 
Te v-J vy 


which contains only three variables, each susceptible 
of direct experimental measurement, and is appli- 
cable to saturated as to superheated vapour. 

The above corrected law of Mariotte and Gay 
Lussac may be given in the form 


(P+R) (V—~))_(Po+ Bo) Ve~s)) constant, 
yy To 


This expression is referred to as Me © being the 


whole potential work, which the gas or vapour repre- 
sents at the absolute temperature T, 

The expression P(V—Y)=P, (V,—»)) =constant 
is referred to as (w), whete P (v—J) is the external 
potential work which the gas represents at T, whilst 


by (F = w) is cee the law 
vo \1+a] v —(Pot+Ro), _ 
obtained by substituting the above value of Rin the 


corrected law of Mariotte and Gay Lussac. 
We must next examine within what limits R may 


be considered homogeneous, and the laws (° ) and 


(5 we w) correspond with facts. 





Messrs. Lerrs anp Co.—Letts, Son, and Co., Limited, 
whose name as publishers of diaries has for so long been 
associated with the Royal Exchange, have removed to 33, 
King William-street, London Bridge. 





HEALTH AND Sewage or Towns.—The Sewage Con- 
ference of the Society of Arts is fixed to be held on the 
$rd and 4th of May next, under the of the” 
Right Honourable James Stansfeld, M.P., late 
Ce a Sera tke ringed cuss cal Ee ay: 
representatives from the cities of ; 
United Kingdom is to, attend. on 
results of systems adopted in various locali 


are 
promised for reading and discussion, and an exhibition 





sanitary appliances will be got together for inspection. 
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THE PENNSYLVANIA RAILROAD; BELMONT AVENUE BRIDGE, PHILADELPHIA. 
MR. JOSEPH M. WILSON, ENGINEER, PHILADELPHIA. 
(For Description, see opposite Page.) 
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OpEssa.— numbers of men have been working day | Brooxtyn Bripex.—The four main cables of this bridge AmerRIcAN STEAM SHIPBUILDING.—The four steamers 
and night upon the fortifications of Odessa. | will each be com of 6289 wires, divided into 19 strands | of the American Steamship Company—the Pennsylvania, the 
—— | of 331 wires . This will give cables 16in. in diameter. | Ohio, the Indiana, and the Illinois—all built in Philadelphia 






Tae Vacuum Braxe: Erratum.—By an error in 
our article on the vacuum brake last week, it was stated | 
ieee eg Se Sane ain Set with that —_ 

provided ** three”’ ble-acting pumps. 
van really carries one pump only. 





These, with the breaking strength of 3400 lbs. required | and of American iron, are stated to have made such a favour- 
A ifications, would give a tensile strength of | able impression on lish underwriters that they have 
160,000'Ib. per square inch of cross section. Wire is being | been accorded a rate of insurance lower than that of any 
delivered for the bridge at the rate of nearly 150 tons per | other steamers in the Transatlantic trade, two of the 
month. Cunarders excepted. 























Aprit 6, 1877.] 


ENGINEERING. 





263 





THE PENNSYLVANIA RAILROAD. 
No. XIV.—BrmwGEes—(concluded). 

A WROUGHT-IRON railway and carriage bridge has 
been recently erected by the railroad company over 
the Delaware River at Trenton, U.S. 

In 1803, Wernwag erected a wooden carriage 
bridge over the Delaware, at Trenton, consisting 
of five spans, two of which were 203 ft. each, one 
of 198 ft., one of 186 ft., and one of 16] ft. in the 
clear. It consisted of timber arched ribs, from 
which the roadway was suspended by iron bar 
chains, the ribs being formed of eight courses of 4 in. 
by 13 in. each, The arches were braced vertically 























Number of trusses in each span... 3 
Distance centre of north truss to centre of 


ft. 

middle truss... ia xe ae a 2 
Distance centre of middle truss to centre of 

south truss... oa pu oa =e ae 
Distance centre of north truss to centre of 

railing on foot-walk ... ase ste 6 

Height from centre to centre of chords 26 


The foot-walk and carriage-way are assumed to 
be covered with a moving load of 75 lb. per square 
foot of surface, and each railroad track is taken 
with a rolling load of 1} tons per foot lineal (1 ton 
of 2000 1b.) The ultimate strain per square inch 
for tension was taken at 60,000 lb., and for com- 
pression in short prisms at 36,000 lb., a factor of 
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wrought iron. It has two trusses with outside 
sidewalks and an ornamental finish at the entrances 
of cast and galvanised iron fastened to the wrought- 
ifon framework. The floor beams are of wrought 
iron suspended built beams placed across from truss 
to truss at the panel points. Upon these rest longi- 
tudinal floor joists of white pine. The roadway 
and sidewalks are of double thicknesses, the sub- 
flooring for each being of 2 in. white pine, the to 

flooring for the roadway of 3in. white oak, an 

that for the sidewalks of 1} in. yellow pine, tongued 
and grooved and on the upper surface. 
The upper chords of the trusses and the vertical 





posts are formed of rolled plates and angles, and the 
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by timber struts, also laterally by braces connecting 
the different arches together for some distance each 
side of the crown, and the whole bridge was covered 
to protect it from the weather. 

This was quite a celebrated bridge in its day, and 
an elevation of it may be seen in the Nouveaux Porte- 
feuille de  Ingenieur, Plate M, 35, Fig. 19. 

In 1848, the south side of the bridge was arranged 
for locomotive traffic, that part forming the present 
middle arch being increased in strength by four more 
ribs, making a total depth of 4 ft., and a new arch 
being erected on the south side, while the bridge 
was kept still covered. 

In 1869, the covering was taken off and four 
new arches were put in onthe railroad portion of the 
bridge, alongside of the old arches, which latter 
were still kept in position. Renewals have been 
made from time to time of special timbers as neces- 
sity required it, buta large amount of timber, dating 
from 1803, still remains in the carriage portion of 
the bridge, and some in the railroad portion dating 
from 1848—strong evidence of the durability of 
timber if carefully selected and properly protected 
from the weather, 

The present structure (for illustrations see ante 
pp. 103, 224), which was completed for traffic 
in January, 1875, is a through bridge of three 
trusses, the north side being for carriage travel, and 
the south side for two railroad tracks. It is con- 
structed entirely of wroughtiron, with the exception 
of some ornamental castings which are merely of 
thin metal fastened to the wrought-iron members, 
and do not in any way contribute to the strength 
of the structure. The trusses are constructed upon 
a stiffened triangular system with vertical and in- 
clined members and horizontal upper and lower 
chords, being economical in design, and at the same 
time after once being placed in position, requiring 
no future adjustment, as is necessary from time to 
time in all rectangular trusses of the ordinary type. 

The following are the principal dimensions : 

Number of spans i oe 


Length of Spans from Centre to ‘Centre of End 
Two spans be ane 208 
One span... ji ove he Be -» 204 

hes = oes ted bes oo» 192 
Ly tte tee tee eee ote eee 166 
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safety of six being adopted for tension members and 
of four and one-half for compressive members. In 
addition to this, the floor-beam system and certain 
light members of the truss were computed for a 


moving load of two tons per foot lineal of each track. 
The upper chord consists of channel bars connected |. 


at the top by rolled plates, and is varied in section 
according to the maximum strains in the different 
parts of its length. The posts consist of channels 
and J-beams connected together and stiffened by 
plates, rivets, ferrules, and diagonal bracing. Some 
of the posts near the ends of the spans are trussed. 

The main carrying members are composed of links 
6 in. deep, and also in some places of links and rods 
in combination, Those in the panels next to the 
centre of the span are stiffened by internal diagonal 
bracing, so as to resist compression under variable 
load, 

The carrying members of the secondary truss are 
rods. The lower chords are composed of links 9 in. 
deep and all of varying widths. All links have 
upset heads and ends drilled for connecting pins, 

orizontal lateral bracing is used throughout the 
structure in the upper and lower chords, and diagonal 
bracing is introduced extending from the upper 
chord partly down the posts, allowing, how- 
ever, sufficient clearance for the passage of loco- 
motives. 

Wrought-iron connecting pins, 4} in, to 6in., are 
used to connect all parts of the bridge together in 
both upper and lower chords, The cross girders of 
the railroad portion are of two channels trussed, 
and are placed at every panel and sub-panel. The 
track girders consist of two J-beams under each rail, 
upon which are placed white oak cross-ties and track 
stringers. 

The carriage portion of the bridge has a timber 
flooring, and an ornamental timber screen is placed 
in the centre truss between the carriage-way and 
the railroad tracks. 

The street bridge erected over the Pennsylvania 
railroad at Fortieth-street, in the City of Phila- 
delphia, was illustrated by us in a two-page engraving 
in our issue of February 16, and by a perspective 
view on page 205. 

The superstructure of this bridge is constructed 

tiffened triangular truss system entirely of 


on a 8 
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lower chords and inclined ties of link bars with pin 
connexions throughout. 


The principal dimensions are as follows : 


ft. in. 
Span from centre to centre of end lower 
chord pins ... ai bed Rel . 218 4 
Height of truss from centre to centre of 
chord pins... ‘ste ood én my ee 
Number of main panels 10 
ie sub-panels_.... oul 20 
Distance between trusses, from centre to ‘aie 


centre oes eee bbe obs es 
Distance centre of truss to centre of hand 
ili a We ie aS 
Entire width of bridge, centre to Gentre 
of hand railing ... me ole » 60 0 
Clear span between masonry on th ; 


SQUATO =... wee wee » 185 Oy 
Clear span between masonry on the skew 209 3 
Angle of skew bdo o ove eee 62° 35! 47” 


The Belmont Avenue Bridge, Philadelphia, carries 
two intersectirig streets over the railroad, involving a 
considerable amount of special construction. 

The superstructure consists of rolled beams of 
I-section placed about 3 ft. apart, and supported by 
stone abutments, and at intervals between by girders 
resting on cast-iron columns having masonry 
foundations on the road bed of the railroad, these 
columns being of such a height as will give a 
clearance of 174 ft. for the passage of trains under- 
neath, Upon these beams are rivetted wrought-iron 
buckle eo } in. in thickness, upon which rests 
a gravel filling and the street paving, these 
one having been first coated on their top sur- 

ace with a preparation of tar and lime applied 

hot. The kerb of pavement is of dressed granite 5 in. 
wide, and the sidewalks are of brick, the roadway 
being paved with granite blocks, usually specified 
as Belgian paving. 

The principal dimensions of the bridge are : 


Number of spans ... bs she 5 

Length of each span from centre to ft. in. 
centre ofcolumns ,.. «+. «. 28 146 

Clear span between abutments on the 198 @ 


Clear span between abutments on the 
RO ia ae ad hee le? la in 
The two streets intersect directly over the rail- 
road nearly at right angles with each other, one of 





them Belmont Avenue, making an angle of skew 
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with the railroad of 62 deg. 35 min. 47 sec. These 

jar conditions complicated very much the 
problem of the design, otherwise quite simple in its 
arrangement, The [-beams forming the bridge 
were laid in the direction of Belmont Avenue, and 
deeper built beams were placed on the outside skew 
lines of the bridge to support all of the short J-beams 
eut off from a full span by reason of the skew. 
Ornamental cast-iron cornices were used to finish 
the sides of the structure surmounted with a wrought- 
iron railing of handsome design. 

We publish on page 262 drawings of the Bel- 
mont Avenue Bridge, which will render the fore- 
‘going description clear. Fig. 1 is a general plan 
of the whole work, Fig. 2 a partial plan to an en- 
larged scale, Figs. 3 to 6 are sections on the various 
lines indicated on Fig. 1, and Fig. 7 is an elevation 
of one of the columns carrying the girders. From 
these drawings the whole of the construction will 
be readily understood, It will be noticed (Fig. 5), 
that the water and gas pi are enclosed in cast- 
iron boxes, and cmpiel te slings, bolted to the 
tops of the boxes, which in the case of the water 
main are tied back to the adjacent J beams. It will 
also be seen that underneath these boxes the beams 
are doubled, being placed only 5$in. apart. The 
space enclosing the mains is covered over with cast- 
iron plates as shown in the plan, and which come 
flush with the surface of the road. The gas pipes 
are covered over with a row of buckle plates, pro- 
tected by gravel and paved. The girders carry- 
ing the transverse beams are 12 in. deep and ar- 
ranged in pairs (Figs. 4 and 5), They are placed 
25 ft, apart, excepting the two outer ones, which are 
25 ft. 64in. The width of one roadway is 48 ft., 
and of the second 60ft., and of the third 68 ft. 
The sidewalks vary in width from 8 ft. to 20 ft. 
This bridge was completed and opened for traffic in 
May last. 

Minimum SECTIONS. 

We may find room here for diagrams of the 
principal minimum sections in works on the Penn- 
sylvania Railroad, Philadelphia Division. Fig. 1 (see 
previous page) is a section Rottes the intrados of the 
Columbia tunnel, where there is a double line of rails 
and asharp curve, The width of the tunnel at rail 
level is 22.) ft., and the greatest width at the level 
of springing is 24 ft. ‘The outlines of the palace 
sleeper cars and engine chimneys show in this as in 
the following sections the clearance allowed. Fig. 2 
is the section of the single-line Elizabethtown tunnel. 
Itis 14.1 ft. wide at the level of rails, and 14.9 ft. 
at springing, the height between these points being 
5.1 ft. and that of the whole tunnel 15.1 ft. In this 
section the tunnel is formed with a semicircular 
arch, Fig. 3 isa section of the north and south 
sides of the double canal tunnel at Trenton, on the 
New Jersey Division. It is built with parallel side 
walls 1] ft. 6 in. and 11 ft. 8 in. apart respectively, 
the total heights being 15 ft. Lin, and 15 ft. 24 in. 
The arch is semicircular and springs from a set-off 
on top of the side walls, There is a pier 4 ft. wide be- 
tween the two tunnels. Fig. 4 is a diagram showing 
the intrados of the Allegheny tunnel, beyond the 
Horseshoe Curve and on the Pittsburgh Division of 
the railway, At the rail level the width is 21 ft. 94 
in., increased to 24 ft. at the line of springing. The 
height from rails to springing is 7 ft. 9} in. and 
thence to crown 12 ft., the total height of arch 
being 19 ft.9}in. Fig. 5 shows the outline of 

‘arpenter’s tunnel, also on the Pittsburgh Division. 
The width at rail in this case is somewhat less than 
in the previous one, but it extends at springing, 
which is 9 ft. 6 in. above rail, to 24 ft. 53 in. The 
total height of crown is 2] ft, 83 in., and this, like 
the Allegheny tunnel, has a semicircular arch, 
Fig. 6 is a section of the Spruce Creek tunnel, 
where the space is yet more limited than in 
the previous examples, as will be seen from 
the outlines of the cars. The width is increased 
from 2] ft, 10 in, at rails to 23 ft. at spring- 
ing, the total height is 18 ft. 8 in. the arch 
being also semicircular. In Fig. 7 the outlines of 
four tunnels are given, the highest being also that 
of C ter’s tunnel, the second the outline of the 
Gallitsin tunnel, the third the proposed intrados of 
the east end of the Spruce Creek tunnel, and the 
fourth the present form of the west end of the 
same work, Fig. 8 represents the entrance to the 
Pequea Bridge on the Pennsylvania Division, and is 
remarkable for the small clearance allowed, the 
height from rails to top of engine smokestack being 
14 ft, 8 in., and from the same point to underside 
of bridge spandril 15 ft. 2 in.; the shield in the 
centre between the two spandrils comes lower down, 


as will be noticed. Finally, Fig. 9 shows in out- 

line the crossing of the Trenton Aqueduct over the 

railway. The aqueduct is supported by a centre 

pier 4 ft. wide, and leaves a clear rey between 
ier and abutments of 12 ft., and a headway of 
5 ft. 2 in. 





A NEW SYSTEM OF PERSPECTIVE. 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION. 
(Continued from page 193.) 

WE have now given the perspective projection of 
a rectangular plane in every position which it can 
occupy in , 

In the five formule previously given for the projec- 
tion of a rectangular pane, when one of the angular 

oints is taken as the initial point, the upper or 
wer sign prefixed to the differences of the ordi- 
nates X, Y, and Z should be taken according to the 
direction assumed by the generating line, and con- 
sequent position of the plane ; but if wetake the centre 
int of any planein whichthe perpendicular distances 
Sons such centre point to any two of the opposite 
parallel sides are equal as the initial point, taking 
the half of one of the sides as the directing line—L 
and half the adjacent sideas the generating line=L', 
and project four planes in opposite directions, which 
may be done by employing both signs in any one of 
the cases of the five fomule, we obtain the pro- 
jection of the sides of a quadrilateral plane projected 
from a central point ; we also obtain if necessary the 
projections of the central point, as well as the 
centre points of the sides. 

We shall call the planes in which the distances 
from the ss to the opposite parallel sides 
are equal, central planes, and the mode of projection 
just described central projection ; this method will 

e found of great practical utility in architectural 
perspective, 
EXAMPLES, 

Triangles. Example \.—We shall suppose the plane 
of the triangle to be horizontal, the triangle equi- 
lateral, the sides being 4ft. in length, the initial 
point being X=4, Y=,2 ont 


4 2 Es 
3.32 "83 2.49 
4 A 
8 2 3 
6.64 "83 2.49 
4 3.46 2° 8B 
366 7.46 4 3 
5 5.3 71 2.13 
Fug 42. 
=—=—it 
2B A 
hn nn 


The triangle being equilateral the angle made 
by the generating line in the first position with the 
directing line will equal an angle of 60 deg., the sine 
and cosine of which are respectively .866 and .5; 
.866 multiplied by 4 the length of the side of the 
triangle = 3.46, and .5 multiplied by the same number 
=2; these numbers therefore constitute the dif- 
ferences of the variable ordinates in the form B for 
the terminal point of the generating line, the pro- 
jection of which point joined with the projection 
of the point A, the terminal point of the directing 
line will complete the projection of the triangle. 

Rectangular Planes.—In the following examples 
we shall oe me the length of the directing line of 
the plane to be 4 ft., and the length of the contiguous 
side of the plane or generating line to be 3 ft., the 
ordinates of the initial point being in all cases X=6, 

=4, Z=5. 

Ezample 1.—The plane horizontal, the directing 
line being parallel to the og my plane. Taking 
the first form of Example 1, Lines, to represent the 
directing line : 





0 
6 4 a 
4.26 7 3.55 
4 A 
~ 10 - 5 
7.1 7 3.55 
3 B 
6 © cm 
3.54 = 2.95 
c 
10 7 eo! 
5.9 = 2.95 





Pownt of View 


Fig. 43, 


nee 


-~ 





Example 2.—The plane horizontal, the 
line being oblique to the perspective plane, 


directing 


Taking form one of Example 4, Lines, to re 
the directing line : 7 ; Pere 


6 
4.26 
4 2.57 
643 8.57 
766 497 
3 33 
—_ oa 
643 2.33 
6.27 
3.32 


0 
4 5 
71 3.55 
3.06 A 
a 5 
58 29 
1.93 B 
ea : 
63 3.15 
Cc 
9. 5 
= 2.65 
Fig. 44 


\ 


Point of View 





Example 3.—The plane vertical, the directing line 
being situated in a vertical plane perpendicular to 


the 


rspective plane. 


present the directing line : 


6 


4.27 


Zla Sle 


| 


- 
to 


aking the first form of Example 5, Lines, to re- 
4 5 
71 3.55 
2.57 306 A 4 
66 806 BS 
ae : 484 -766 
2.3 1.93 B 3 
17 ~~ 6.98 .766 
= 5.89 643 
Cc 
4.3 Jo 
7 7. 
Fig. 45. 
Hr. 
4 
Potnt of View 








Example 4.—The plane vertical, the directing line 
being situated in a vertical plane parallel to the 


perspective plane. 


Taking the first form of Example 6, Lines, to re- 
present the directing line: 


6 
4.26 
4 2.57 
643 ~—s8.57 
.766 6.08 
3 2.33 
a... 
643 2.63 
6.24 
4.43 





Xx 


0 
4 5 
7 3.55 
A 3.06 
4 8.06 
7 5.72 
B 1.95 
4 6.95 
71 4.93 
Cc 
4 10.01 
7 7.11 
Fig. 46. 
Point of View. 





Ezample 5.—'lhe plane vertical, the directing line 





being situated in a vertical plane oblique to the 


perspective plane. 
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Taking Example 7, Lines, to represent the direct- 
ing line, 


0 
li 4 hme 
4.26 7 3.55 
A 
a57 222 = 198 806 
866 8.22 53 8.06 648 
0 5.34 "65 5.24 -766 
B 
23 19 = 111.98 3 
36600¢€C~*«‘S*WCD 2.8 6.94 .766 
5 3.13 738 54 648 
Cc 
6.23 4.1 9.99 
4.42 71 7 
Fig. 47 
Point of View. 








Example 6.—The plane oblique to the horizontal 
plane, the directing line being also oblique and 
situated in a vertical plane perpendicular to the per- 
spective plane, and forming an angle of 40 deg. with 

e axis of Z. 

Taking the first form of Example 5, Lines, to re- 
present the directing line and - angle w at 45 deg. 


6 4 5 
4.26 Wi 3.55 
A 
2.57 3.06 4 
‘6 6.6 ~ 8.06 .643 
36 7 a4 766 
B 
2.67 1.72 2.04 1.36 3 
. a) Pn tite ey 
.766 7 = 3.94 -454 
Cc 
. 7.72 86 9.42 
4.17 4 5.09 
Fig 48 
J Point of View. 





We have only given one example in each case, as 
the principle must be sufficiently apparent without 
multiplying examples. 

In all cases the directing line being given, we first 
project a perpendicular to it from the initial point 
of some given length to represent the generating line 
in the first position, by the rules given in each par- 
ticular case under the head of perpendiculars, and 
then from the terminal point of the directing line a 
line equal and parallel to the former by the rules 

ven under the head of parallel lines ; to represent 

€ generating line in the second position, the diffe- 
rences placed above the upper horizontal lines in 
the forms B and C for the terminal point of the 
generating line in both positions being the same are 
not repeated in the last case. 
(To be continued ) 








THE IRON AND STEEL INSTITUTE. 


Inaugural Address of C. Wrtt1am Siemens, D.C.L. 
F.R.S., the Presdent of the Iron and Steel Institute. 


(Concluded from page 257.) 

Wrought Iron. — While steel is gradually supplanting 
wrought iron in many of its applications, efforts are being 
made to maintain for the latter material an independent 
position, for cheapness and facility of manipulation, by 
improving the puddling process. 

, Mechanical puddling, like many other important inven- 
tions, has taken a long time for its dev ent, and 
engaged the attention of many minds, but I will only here 
mention the names of Tooth, Yates, and Mr. Menelaus, 
our past President, who have pioneered the road; and of 

» Spencer, Crampton, and others who have followed 
more recently in the same direction. It is chiefly owing, 
er, to the persevering endeavours of Mr. Heath, and 








of Messrs. Hopkins, Gilkes, and Co., that the mechanical 
puddling of pig metal has been accomplished with a con- 
siderable amount of success. 

All these efforts have had reference to puddling in a 
chamber oe Se a horizontal axis, but numerous 
attempts have also been made to accomplish mechanical 
puddling by the introduction into statio chambers of 
rabbles moved by m ical power, and by the use of 
chambers rota utpon an inclined axis, in connexion 
with which latter the names of Maudsley, Sir John Alleyne, 
and Pernot, should be mentioned. The principal difficulty 
conn with the rotatory puddling furnace consisted in 
providing a lining of sufficient power to resist the corrosive 
action produced by siliceous slags, and it is important, 
therefore, that the pig metal introduced into the rotative 
puddler should be as free from silica as ible. By 
charging fluid metal into the furnace, the silica adhering 
to the pigs in the form of sand is got rid of ; but efforts 
have latterly been made, with satisf: results, I believe, 
to subject t © pig iron itself to a simple process on 
its way from the blast furnace to the rotative puddler 
with a view of removing the silicon chemically combi 
with the pig. M. Hamoir, of Belgium, has been engaged 
upon this subject for some years, as you will have seen 
from the ‘‘ Report on the Brogress of the Iron and Steel 
Industries in Foreign Countries’’ in our journal, while 
in this country, Mr. I. Lowthian Bell has called the Bes- 
semer converter into requisition for effecting the desired 


object. 
We are informed that not only does the lining of the fur- | Civil 


nace stand better in using this semi-refined metal, but that 
the yield per furnace per diem, as well as the quality of the 
metal obtained, are much improved. 

It is intended to roll the metal thus produced into rail- 
= bars, without any intermediate process of re-heating, 
and -to subject the rails to a- process of case-hardening 
similar to what was practised some years ago by Mr. Dodds, 
in South Wales. he case-hardened iron rails are ex- 
pected to rival steel rails in quality, but it remains to be 
seen whether these wearing properties are not obtained at 
the cost of brittleness, and whether rails manufactured by 
this method can com in price with steel rails. 

Three years ago, I had the honour of bringing before 


this Institute a plan of producing wrought iron directly | Civil 


from the ore, in a rotative furnace of special construction, 
and heated by gas. This process was at that time only 
carried on upon a small at my sample steel works, in 
Birmingham. It has since been carried out upon a work- 
ing e, at Towcester, and in Canada, and although the 
results hitherto obtained cannot yet be considered entirely 
satisfactory from a commercial point of view, I see no 
reason to feel discouraged as regards the ultimate result 
of this method of treating iron ores. By it, iron of almost 
— freedom Parse sulp ~F ed Page orus bk ee _— 
rom ores con a consi e percen of these 
impurities. If steel is to be produced, the raw balls, as 
they leave the rotatory furnace, are either immediately 
transferred to the bath of the open hearth furnace, or are 

viously subjected to the processes of squeezing and 
once for the removal of scoria, which otherwise 
carries some of the impurities contained in the ore into the 
—_ as and prevents the attainment of steel of a 

q 5 

e of - RE to the use of iron and steel for 
structural purposes is found in their liability to rust when 
pe mappings gps My perme Bal se 

ion agains cons! in covering the 
surfaces with paint, and if this is renewed from time to 
time, iron or steel may be indefinitely preserved from 
corrosive action. Another mode of ion consists in 
es een of iron and steel while hot into a bath of 
oil, when some of the oil penetrates to a slight depth into 
the pores of the metal, while other portions me de- 
composed, and form a very tenacious resinous coating. 
For the protection of iron and steel, when in the form of 
thin sheets or wire, galvanising, as is well known, is 

ly resorted to. 

@ principle of protection in this case depends upon the 
fact that zinc, although more oxidisable than iron, forms, 
with oxygen, an oxide of a very permanent nature which 
continues to adhere closely to the metal, and thus prevents 
further access of oxygen bo the same. This mode of pro- 
tection presents the further advantage that so long as any 
metallic zinc remains in contact with the iron in presence 
of moisture, the latter metal forms with the zinc the 
negative element of an electrolytic couple, and is thus 
rendered incapable of combining with oxygen. 

Galvanising is not applicable in those cases in which 
structures of iron and steel are put together by the aid of 
heat, or are brought into contact with sea water, which 
would soon dissolve the protecting zinc covering. But 
even in these ore the ee oa = 7 a, pro = 
against corrosion by a ing to it pieces of zinc, w 
latter are found to Seasive in lieu of the iron, and must, 
therefore, be renewed from time to time. 

Captain Ainslie, of the Admiralty, has lately made a 
series of valuable experiments, showing the relative 


» | tendency towards corrosion of both iron and steel when in 


contact with sea water, and of the efficacy of pieces of zinc 
in preventing this corrosion. These experiments further 
show that mild steel is—contrary to the results obtained 
by M. Gautier—more liable to corrosion than wrought 
iron in its unprotected condition, but that zine acts most 
efficaciously in protecting it. a 
Quite recently, another mode of pro iron and steel 
tes from corrosion has been su by Professor 
. This consists in exposing the metallic surfaces 
while heated to redness, to the action of superheated 
steam, thus producing upon their surface the oem 
ly to the 
to 


oxide of iron, = ike yr oe ey 

© 0 cy, ani eres 

metallic surface Slew. In this respect it is analogous 
zinc oxide, adhering to and protecting metallic 


tected | College, after 





zinc, with | ton 


this further advantage in its favour, that the magnetic 
oxide ig practically insoluble in sea water and other 
weak solutions. 

Before concluding this address, I wish to call your 
attention to a matter which will require your early consi- 
deration. The Iron and Steel Institate has now attained an 
influential position, and is likely to increase from year to 
year in its beneficial action, upon the further development 
of a trade which may justly beclaimed to be the most im- 
portant in the country. In order to give additional weight 
to its action it seems necessary that its position should be 
recognised in official quarters, and that it should be pos- 
sessed of a habitation in a central locality, which should 
comprise office accommodation, a library, a model room, a 
lecture room, and laboratory. Such a building, if spe- 
cially erected for the Iron and Steel Institute, would ex- 
ceed the means at their disposal for such a purpose, but 
the moment has arrived when other institutions devoted 
to the cultivation of different branches of applied science 
feel the necessity for similar accommodation. Would it 
ot be paseaie for our Institute to join efforts with those 

i institutions forthe erection of a joint building, re- 
pocnns a science of the country as completely as 
] arlington House resents pure science. Such a pro- 
ject could not be 3 ut the concurrence of the 

we t institution of — — _ Institution of 
Engineers,”’ whose ding, large, is no 
means sufficient for its actual a sash r. sae 
building might, therefore, accommodate the Institution of 
or ra the Institution of Mechanical es gk 
the Institution of Naval Architects, the Society of Tele- 
graph Engineers, the Iron and Steel Institute, and possibl 
other societies which hold their ordinary m i on dif. 
evens cage of The seen as cosmeceenets oA i ble in- 
tervals of time; it would not, therefore, be n to 
provide more than one, or perhaps two, gunecsh siedling 
rooms, and one library, but each society would require 
te office accommodation and council chambers, the 
whole lyme A le prs nn as to be able to be thrown open 
for the holding of conversaziones. 

The common interests of the societies might be placed 
under the en of a joint House ond Lavage Com- 
mittee, presided over by the President of the Institution of 

Engineers, comprising amongst its members one 
or two members of councils and the secretaries of the dif- 
4.4 ald probably not be 

ent would pro not unwilling to 
further the realisation of an object of such + useful. 
ness by Fangs a site in a central portion of the metro- 
polis. h society might be called upon to furnish a 
portion of the capital required, either out of its accn- 
mulated funds, or by volun’ contributions of its mem- 
bers, and the remainder could probably be raised upon 
debentures, and thus become chargeable upon the ordinary 
subscriptions of future years. 

The details of such a scheme would, of course, require 
most careful consideration ; but I believe that the present 
moment would be favourable for its realisation if you, as 
well as the other scientific bodies concerned, co’ r the 
=— tot of your eo aa ‘ 

© great variety and importance @ subjects o' 
interest to our Institution are my apol for havin 
detained you longer than I intended in ing this ad. 





NOTES FROM THE SOUTH-WEST. 
—The Torquay Water Works, which furnish 
with an income of . a year, are shortly 


i homered Sy Se peta of nee Gs nents land at 


whi 


to Torquay 

to about 1,760,000 gallons per day. 
been made in a re presen’ 
the subject by Mr. Brunel, C.E., for the probable increase 
of the populations of Torquay, Newton, and St. Mary- 
church ; but the question has come up for consideration 
whether Newton, which is now pom ary by the Torquay 
main, will be likely, at no very distant day, to withdraw 
its | ee from the Torquay works and furnish its own 
water system. The opinion of the Torquay Board, as ex- 
pressed by the clerk, is that such a course cannot be 
adopted by the Newton Board, unless that body first pur- 
chases the water rights of the Torquay Board. A different 
view is, however, taken by several members of the local 
governing body of that town. 


Naval Assistant-Engineers.—We learn authoritatively 
that the superior certificates gained by assistant-engineers, 
who pass through a course of study at the Royal Naval 
termination of their training in the 
dockyards as engineer students will, in future, reckon in 
all respects as time served as assistant-engineers, and 
accelerated promotion will be given to those engineers who 
have very —_— 4 distinguished themselves in their stu- 
diesat the Royal Naval School of Architecture and at the 
Royal Naval College. The relative ranks and certain 
grades of engineering will also be altered. 

Swansea.—The coal trade remains quiet, with no change 
to note in prices. The shipments of patent fuel have not 
been ‘ ing the week 1120 tons have \#9n shipped 
by Messrs. Cory, Yeo, and Co., and 50 tons by tus Aber- 
dare-Merthyr Patent Fuel rome em of The latter com- 

, it is stated, have a con on hand of upwards of 
tons for export. 





Tue Frenou Inon Trapu.—Prices exhibit compara- 
tively little firmness in the French iron trade. current 
quotation for rails of ordinary ity in the Meurthe- 
et-Moselle, the Haute-Marne, and the Nord, is 61. 16s. per 
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AMERICAN LOCOMOTIVES. 





° Fig. 6. Passencer LocoMorive ror THE 3 Ft, GAUGE, BY Messrs. Porter, BELL, anp Co., Pirrspureu, Pa. 


1 We give on the present and opposite pages engravings 
Wiel of three American locomotives, all of which were exhi- 
bited at the late Centennial Exhibition* at Philadelphia. 
The first of these engines, shown by Figs. 1 and 2 on the 
opposite and Figs. 3 and 4 on the present page, is a four- 
coupled passenger engine constructed by the Dickson 
Manufacturing Company, of Scranton, and its principal 
dimensions are given in the Table which we publish on 
the next page. As will be seen from our engravings the 
boiler is of the “ wagon-top” type with the long firebox 
and water-tube grate used for burning anthracite coal. 
The constructive details of the boiler are generally 
similar to those of American engines we have previously 
described, with the exception of the regulator and the 
mode of connecting the firebox and casing at the firehole, 
this connexion being made in the locomotive under 
notice by means of a short ring of plate rivetted to 
flanged mouthpieces formed on the firebox plate and 
crown plate respectively. As regards the regulator it 
will be seen that it is a plain single beat valve fitted to 
the end of the steam pipe and opening upwards, it being 
operated through the lever, links, and bell crank shown. 
The regulator handle is fixed at the top of a spindlo 
which passes down through a long boss fixed to tho 
crown of the firebox casing as shown, the lower end of 
this spindle carrying an arm for operating the valve. 

The engine is fitted with a four-wheeled swing truck 
with cast-iron chilled wheels, while the coupled wheels 
: , are of cast iron and fitted with steel tyres. The general 

details will be sufficiently understood on reference to our 
Fic. 5. Mnuxe Tank Locomotive sy THE DicksoON MANUFACTURING COMPANY, engravings without vr Aer description, while, as we 
‘ 4 have already stated, the B any ey dimensions of the 
Fu 9+ 4. | engine are all given in our Table on the next page. We 
may add that the engine we have been describing is pro- 
vided with a tender carried on two four-wheeled trucks, 
this tender carrying 2000 gallons of water and 10,000 Ib. 
of coal. 

Fig. 5 annexed is a small tank engine for the 8 ft. 
gauge also constructed by the Dickson Manufacturing 
Company. This engine is intended for use in connexion 
with mines, and it has an exceedingly short wheel base, 
namely, 4 ft. Gin. only. The — dimensions of 
the engine are given in our Table on the next page. 
The water is carried in a saddle tank containing 217 
gallons. 

The other locomotive illustrated on the present page 
(Fig. 6) is a four-coupled passenger engine for the 8 {t. 
gauge constructed by Messrs. Porter, Bell, and Co., 
of Pittsburgh, Pa. The principal dimensions of this engine 
are also given in our Table on the next page. The lead- 
ing end of the engine is carried on a two-wheeled swing 
truck with chilled wheels, and the coupled wheels are of 
cast iron with steel tyres. The tender, which is mounted 
on two four-wheeled trucks with 26 in. chilled wheels, 
carries 1000 gallons of water and 4000 Ib. of coal. 
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Siig. ee * In our article on “‘ Locomotives - the pas hia 
Exhibition, No. VI.,’’ on page 26 ani an 
engine for the 3 ft. gauge a at ‘bs Beliwin Loco, 
pon the, Libser baing"appessally eounested gully rai 
upon the r ai y conn rigidly 
back of the firebox by stiff diagonal sta, 7 without an 
vision for e ion. We have since learned from Mees. 
Burnham, Williams, Parry, and Co., however, that (al- 
reo Tam not shown on the tracings from which our engrav- 
prepared) a provision for expansion does mye 
te lone code of te popreat nth ge ame we gy 
rame bars passing onga’ °8 80 
that the foot of each stay can slide on its frame. 
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THE “CITY OF SAN FRANCISCO.” 


In our last number but one (vide page 228 ante) we 
published engravings and particulars of the engines of 
the Pacific mail steamer City of San Francisco, and we at 
the same time promised to give further details of the ma- 
chinery, including the These details we give 
in our two-page engraving this week. 

The propeller shaft (see Figs. 15 to 22 on our two-page 
engraving ) is 174 in. in diameter, and is cased with tough 
brass } in. thick. It runs on three bearings of lignum- 
vitw staves (locked in), one on the rudder post, and 
one on each end of the stern pipe; the wear is taken 

. on the end grain of the wood. e thrust shaft has 13 
collars forged on, and the thrust block has 12 circular 
rings of hard brass locked in; they can readily be taken 
out for adjustment without removing the shaft; there is 
also a pillow block at each end of the collars to take the 
weight of the shaft, while the collars take the thrust, 
and so reducing the tendency to get hot. The lower 
edges of the shaftcollars revolve in a trough of oil, and 
are constantly kept moist. The wearing surface is 1917 

uare inches, e lower half of the line shaft bearings 
are filled with hard Babbit metal. 

The screw propeller, shown by Figs. 23 and 24, is made 
of stroig cast iron, and has four blades, It is 20 ft. in 
diameter by 25 ft. mean pitch; the centre part is of 
globular shape, and the blades are cast separate with 
flanges recessed into the centre, and securely bolted with 
steel bolts and brass nuts. 

There are six cylindrical boilers each 13 ft. in diameter 
inside the smallest course, by 10 ft. 6 in. long, with three 
furnaces in each, these furnaces being 3 ft.8 in. in diameter 
by 6 ft. 6 in. length of grate. Behind the firebrick bridge 
wall is a back connexion or combustion chamber 2 ft. 
6 in. wide, one behind each furnace. There are 204 tubes 
in each boiler, these tubes being 7 ft. 6 in. long by 3} in. 
outside diameter. Views of the boilers, with details of the 
stays, are given in Figs. 25 to 34. There is one steam 
chimney or superheater (to which all the boilers connect) 
15 ft. high by 12 ft. in diameter, with four flues through 
it, each 8 ft, 72 in. in diameter; this superheater is shown 
in Figs. 26 and 36. The thickness of iron in the shell of 

the boiler, is j in. ; of the superheater, }3 in. ; of furnace 
crowns, }in.; of ashpit, # in. ; and of tube sheets, }} in. 
The steam is taken from the boilers through tinned copper 
dry pipes near the top, and by means of a system of valves 
and pipes can be delivered direct to the engines, or through 
the superheater as may be desired. The furnaces and flues 
in the superheaters are braced by angle iron as shown ; the 
furnace doors have a perforated lining and register for 
the admission of air, and there are dampers fitted in the 
chimney and ashpits, The boilers work to a pressure of 
80 1b. above the atmosphere, and were tested with a water 
re of 120 1b. bd square inch, to conform to the 
nited States law. The chimney or funnel is 8 ft. 6 in. in 

diameter and 66 ft. high above the grate. The chief di- 

mensions and proportions of the boilers are as follows: 


sq: ft. 

Grate surface in six boilers... 378 
Heating __,, - he 9,900 
Superheating surface 750 
Total heating ,, see 10,650 
Gross flue area through tubes. 56.8 
Area through flues of superheater... 41.75 
aay lose i ~ ons ove 56.74 
Ratio of great surface to heating sorface 

(exclusive of superheating surface) ... 1: 26.2 
Ratio of grate surface to total heating 

surface... obs ee + « 1:28.17 
Ratio of grate surface to flue area through 

tubes eco eco ate = -» 6.65:1 
Ratio of grate surface to flue area through 

super eco ese eee «. 9.051 
Ratio of grate surface to chimney area ... 6.66 : 1 


Number of internal diameters in length of 
tubes . ove que 30.8 

The results obtained on the trial trip of the City of 
San Francisco were as follows: steam pressure, 80 lb. ; 
vacuum, 28 in.; revolutions, 55 per minute; revolu- 
tions of pumping engines, 60 per minute; speed, 14 
knots. The ship made the run from New York to San 
Francisco, calling at Panama (and using four boilers only) 
in 58} days’ running time, to ama in 46 days, and from 
there to San Francisco without stopping in 124 days, the 
average speed during the voyage being about 104 knots an 
hour, the revolutions 40 to 42 per minute, and the coal used 
28 tons per day ; the draught of water on leaving New York 
was 22 ft. The ship is fitted with an auxiliary boiler, feed 
pump and water tank, two steam pumps, steam steering 
goer, engine for turning the main engines when overhaul- 
ing, three cargo hoisting engines, anchor and capstan 
engines, two ash hoisters, ventilators, overhead railway 
to convey coal into the fire-room from the bunkers, and 
apparatus for making fresh water for the crew and pas- 


Altogether the performance of the City of San 
Francisco has been very satisfactory, and its machinery 
has proved very creditable to its designer, Mr. Thomas 
Main, and its constructors, Messrs. John Roach and Sons. 
We hope on a future occasion to be able to publish 
iMustrations of other engines by the same builders, 
possessing, like those of the City of San Francisco, 


TABLE OF PRINCIPAL DIMENSIONS OF AMERICAN LOCOMOTIVES. 
(For Description, see preceding Page.) 














REFERENCE TO ENGRAVINGS. Figs. 1 to 4. Fig. 5. Fig. 6. 
Dickson Dickson 
. Porter, Bell, and 
‘ ows ove Manuf Manufacturing Co., 3. ° 
Maker's name | Co., Scranton Scranton. Co., Pittsburgh. 
Service for which engine is intended ..,, | Passenger i Passenger 
ft. in. ft. in. ft. in. 
Gouge ne eee eee 4 8 3 0 3 0 
hehtr of eplinders eer: 15 09 011 
Stroke a : . ° 1 4 
eg of steam ports 
Width =, 5 0 0 i 
o exhaust ports ove 0 0 1 
ee eccentrics 0 03 
Outside lap of valves 0 0 OF 
Inside a > sa we dad eas 0 OFF , nil ‘ — 
Type of valve gear exe - «| Shifting Shifting link Shifting link 
Wheels and Aales: ft. in. ft. in. ft. im. 
Diameter of coupled wheels ... - 5 7 2 5 8 8 
ee wheels not coupled on en Me 26 none 2 6 
Distance between centres of coupled wheels ... eed 8 0 4 6 6 0 
Total wheel base ... ee o- eco ong 21 10 4 6 16 2 
Diameter of driving axle bearings... eee 07 0 4 0 HY 
Length 9 = poe ap 0 8 0 6 0 
Diameter of main crank-pin bearing ... 0 03 0 34 
Length ~ o abe 0 4 03 0 3} 
Boiler : 
Maximum internal diameter of barrel 41 2 5 
Minimum mi ‘a ee 40 2 4 3. OF 
Height of centre of boiler above rails A. 6 5 3 64 411 
Len; of firebox inside at bottom . is 8 9 210 3 10} 
Width . ai se 2 98 1 113 1 7% 
Height of firebox crown above grate... e 4 1% 2 4 3 4 
Number of tubes ... - die 163 65 120 
Outside diameter of tubes ... 0 2 0 i} 0 13 
Inside a. as Sen shi ‘ 0 14 0 ry 0 ls 
Length of tubes between tube-plates ... exe - ll 6 7 711 
Thickness of tubes... ove jp P 0 OY; 0 Os 0 Of 
Material a oa ae ‘ _ fron _ Iron , a. 
Thickness of boiler shell plates «| in. andy, in. | yyin. and jin. S;in. and } in. 
Material —_,, au ‘ Iron Iron Iron 
Thi oe sad eee in. 
in _ sa Steel s Boel 
hy ye sq. ry 
Heatin f firebox ... qe , . 
ene ae 974.4 188.7 434 
om pee » . (internal) ... oe a 887 164 873 
Total heating surface with external tube surface ; 1092.5 220.7 489 
te a internal * : 1005. 196. 428 
Firegrate area ees ne es ° 24.14 5.6 6.33 
Flue area through tubes... ove x P 2.96 0.63 1.48 
Number of internal diameters in of tubes ood 76.15 67.6 63.3 
External tube surface divided by firebox surface ove 8.25 5.59 7.89 
Total heating ,, » te ,, a 42.26 89.41 77.25 
Firegrate surface divided by flue area 8.15 8.88 4.29 
Diameter of chimney = se 15 * 8 * — 
sqr. sq. ft. . ft. 
Least sectional area of chimney - =e 1.23 0.35 “b.69 
Firegrate area divided by sectional area of chimney _ 19.67 _ 16.04 9.17 
Diameter of blast nozzles... ae 3 > Se 1b in. togie arn 
Law. Anthracite Anthe; or bit. Bituminous coal 
Weight and Tractive Power : . c 
eight of engine empty ~~ 67,500 15,900 27,000 
’ o in working order ... pass 71,000 18,900 $2,000 
»» on coupled wheels in working order ... 47,000 18,900 24,000 
» empty i square foot of heating surface ‘ 61.8 71.6 58 
Tractive force for each pound of effective pressure per 
FR inch on ee, 7 a 103.1 38.52 44 
ractive force with effective cylinder pressure eq ) 
_ fourths boiler pressure eg a eS 4006 4224 
4 , “ 
oe yy a eae 9 — yt ean 22.81 21.19 17.6 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES 
MrppLEsBROUGH, Wednesday. 
The Cleveland Iron Market.—Although a_ holiday 
time there was a good attendance on ’Change at Middles- 
brough fon Tuesday. There will probably be a 4 
assembly next weak, when the quarterly meeting will 
held. Trade continues ory | dull. Prices are nominally 
the same as on last market day, being based on No.3 
Cleveland pig selling at 42s. 6d. per ton. Makers’ stocks 


are growing exceedingly large, and sacrifices are made in 
disposin, of ‘pigs. he tone ‘of the market was slightly 
improved owing to the signing of -the protocol, and the 


aspect of affairs in the East. It cannot be denied, how- 
ever, that generally there is an opinion that it will bea 
long time before there is any material improvement in the 
condition of the iron trade. 


The Finished Iron Trade.—Nothing occurs to give hope 
of any alteration in this industry, which a few years ago 
was in such a flourishing condition, and which afforded 
employment to many thousands of persons, but which now 
is almost in a state of stagnation. 


The Cleveland Miners and their Wages.—In a day or 
two the miners will decide whether they will quietly accept 
the proposed reduction of 14d. per ton in their wages, or 
whether they will resist the action of the mineowners, and 
seek to settle the matter by arbitration. 


Proposed Reduction of Blast Furnacemen’s Wages.— 
The Cleveland Ironmasters’ Association, which includ 





special features of interest. 








les 
nearly the whole of the iron-making firms in the North of 


England, have given notice to their blast furnacemen that 
the wages will be reduced 10 per cent., to take effect on 
the 2lst inst. Itis not expected thatthe men will oppose 
the reduction considering the present unsatisfac- 
tory condition of the pig-iron trade. 

Wages in the Finished Iron Trade.—The iron manu- 
facturers in the North of land have intimated that they 
wish the wages question to reconsidered. For sever 

ears now the uestion in this branch of industry in 
he North of England has been amicably settled through 
the mediam of the Board of Arbitration, and it is in 
accordance with the decision of the last award that any 
alteration in the question should require three 
months’ notice that the masters have taken the step here 
alluded to. In 1874 iron rails formed 54 per cent. of the 
make in the North of England, and reached about 
quarter. During the last three months 
bruary rails formed only 74 per cent. of the 
make. These figures show clearly the lamentable state of 
the finished iron trade. 


The Tees Ship Yards.—The shipyards on the Tees are 
now closed, the masters having refused to give the men an 
advance of 10 per cent. in their wages. It is hoped that 
in the course of a few days some action will be taken which 
will speedily result in the resumption of work. Yesterday, 
a i met one of the masters at Stockton, and pro- 
gy the advance demanded. Nothing definite 
was done, but it is understood that the men take an 
early opportunity of discussing with the masters the ques 


tion of advancing the wages upon a scale which they 
submit to them. 
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NOTIOES OF MEETINGS. 

THE INSTITUTION or CIVIL ENGINEERS.—Tuesday, April 10th, 
at8p.m. Discussion upon Mr. Redman’s paper on ‘* River 
Thames,” and time permitting, the following paper will be read 
“On Street Tramways,” by Robinson Souttar. 

SocreTy Or Arts.—African Section. Tuesday, April 10th, at 
8p.m. “The Social State and Prospects of South African Com- 
munities,” by Mr. Robert Richards. Mr. A. R, Campbell Johnston 
will preside. Ordinary Meeting —Wednesday, ril llth, at 
8pm. “Compensation for Injuries received in Industrial Occu- 
pations,” by Mr. T. Attwood Brocklebank. The Lord De la Warr 
and Buckhurst will preside. Chemical Section.—Thursday, April 
12th,at8p.m. “The Chinchona Alkaloids; the Sources, foes. 
tion, and Use,” by Dr, B. H. Paul. 
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LEGISLATIVE IMPEDIMENTS. 

THE time is evidently fast approaching when the 
railway engineer will have to shut up shop, take his 
rest, and be thankful for what he eloeaiy re- 
ceived, without heed for the future. Another 
legislative impediment to the invention and con- 
struction of independent railways is threatened 
by the alteration in the Standing Orders which 
Mr. Raikes has given notice to move to-night. 
The proposal is to vary the existing law under 
which the Chancery deposit is returnable when 
half the authorised capital has been expended 
upon the undertaking, by impounding the deposit 
until the line is completed, with a proviso that if 
any portion of the railway is opened within the 
period limited by the Act, such a proportion of 
the deposit as represents that piece of railway 
shall be returned to the promoters, 

Fre very — a that this idea emanates 
& certain ic department, but the eagerness 

of public departments to carry out their last novelty 
while it is hot, often renders them forgetful of the 
fact that there may possibly be two sides to the 
uestion ; the present instance is a case in point, 

or what can be more manifest to persons conver- 
sant with these than that all these obstacles 


tend to throw the whole future construction of rail- 





ways into the hands of the existing companies, who, 
not being hampered with any money deposit at all, 
and possessing greater facilities of raising capital, are 
placed at an immense advantage over the ordinary 
promoters of railway bills. 

It has for years been notorious to all parties con- 
nected with parliamentary private business, that 
the enormous sum of money required for the con- 
struction of a railway cannot by any means be now 
obtained until after the Act has passed; but Par- 
liament has always evaded looking the matter fairly 
in the face, affecting to suppose that the promoters 
hold the total capital in their hands, and have paid 
a small proportion of it into the Bank of England 
as the Chancery deposit, and while this illusion is 
maintained they are hammering away in the wrong 
direction by every step they take upon that basis. 

If it was worth while inquiring what is the object 
of these constant restrictions, we should probably 
be told that they are made in the interest of the 
landowners; but apart from the consideration 
whether landowners’ interests are of greater impor- 
tance than public advantage and convenience, upon 
what facts is such a supposition grounded? Take 
railway history for the last twenty years and what 
does it prove, but that property of every descrip- 
tion in the neighbourhood of a line has at least 
trebled in value. The landowner knows his interest 
a great deal better than Parliament can teach him, 
and what he wants most is that a railway shall pass 
through or near to his land. 

What Parliament desires to insure, in the interest 
of everybody (though judging from the means 
adopted we ought perhaps to exclude the promoters 
of the Bill), is that if a line is sanctioned it shall 
be completed, and what the public want is that 
Parliament shall find out what are the best means 
of attaining that end; we venture to suggest that 
hampering the raising of capital and throwing un- 
necessary pecuniary obstacles in the way of pro- 
moters, certainly cannot be reckoned among them. 

The question really resolves itself into this. Is 
the kingdom sufficiently supplied with railway ac- 
commodation, or are more railways still necessary ? 
If further lines are needed, they must be constructed 
upon the terms which now-a-days they can only be 
made ; and taking into account the crowded state 
of the metropolitan and suburban railways, and the 
frequent collisions between goods and passenger 
trains upon the larger systems, we think few will be 
bold enough to say that the country is at present 
amply provided. It has then to be determined 


: | whether the remaining work is to be at the merc 


of the existing companies, or is a fair field to be left 
open for the invention of the engineer, and the en- 
terprise of the capitalist ? 

As far as London proper is concerned, observe the 
vast area between the District Railway on the 
Thames Embankment and the New- Is this 
immense space to be for ever void of railway com- 
munication? Yet how is it to be prevented if rail- 
way enterprise continues to be dealt with after the 

resent fashion? For suppose some clever engineer 
Found out a way of making underground works at 
half the price they cost now, and projected a line 
from Bayswater along Oxford-street and Holborn 
to Farringdon-street—and say the capital required 
for its construction would be a million sterling—the 
first step he would have to take before incurring 

reliminary expenses, would be to borrow 50,0001. 
or five years forthe sole purpose of being locked 
up in Chancery. The theory of injury to the land- 
owner could not apply here, because the line would 
be along the public street. 

The plan is rendered utterly impracticable through 
the very agency which ought, in the public interest, 
to be exerted in its favour, and the fact is apparent 

argue as you please about adventurers and specu- 
lators) that the more Parliament cripples the exist- 
ing system, the more urgent is the demand upon it 
to substitute a better. e whole question requires 
careful consideration and inquiry. What is the use 
of a department or a member directly a new idea 
strikes them rushing off to the votes and upsetting 
the Standing Orders to meet that one item? Why this 
unseemly haste, as though somebody’s life depended 
upon the Standing Order being altered by a given 
line? Things done in a h are never done well, 
Very important interests are involved ; here let the 
matter be thoroughly sifted, take the views of sen- 
sible men on both sides and act upon them ; by this 
means some end may possibly be attained ; but cer- 
tainly no good will ever come of tinkering the 
Standing Orders to meet the objections of every im- 





pulsive party who asks for an alteration of them. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THE question of arming the mercantile marine of 
this country in time of war is one that is continually 
cropping up in some form or other, and after giving 
rise to lively discussion, more or less irrelevant, 
it subsides again for a time without having made 
perceptible progress towards a solution. And this 
is not to be wondered at, seeing that of those who 
usually discourse upon the subject few have any real 
knowledge of the capabilities of the vessels of the 
mercantile marine, and fewer still know the require- 
ments to be fulfilled in order that a vessel may have 
a fair chance of taking part successfully in modern 
warfare, Moreover, those who could throw most 
light on the subject have their hands tied in a great 
measure, and they consequently touch the question 
only very delicately, and in the most general way. 
Obviously the steps that would have to be taken in 
time of war would entirely depend upon what 
nation or nations we were at war with ; for anaval 
war, say, with the United States of America would be 
quite different in its main features from a naval war 
with Russia or France, or any other European 
power, and wars between this country and European 
states would differ in character materially accord- 
ing to the petenss states Ny ae to us, and 
unless, therefore, we are free to discuss openly the 
resources of individual states, or of possible coali- 
tions, as oameeren with our own resources, much of 
the value of discussing the subject at all in public is 
necessarily lost. We by no means say it is useless 
to discuss the matter under these restrictions ; but it 
is as well when we are doing so to read, as it were, 
between the lines, and recognise that we are more 
or less playing round the subject instead of probing 
it to the bottom. 

Mr. Barnaby’s paper “‘On the Fighting Power 
of the Merchant Ship in Naval Warfare,” read at 
the recent meetings of the Institution of Naval 
Architects, to which we have on a former occasion 
referred, bears evidences of the kind of reserve to 
which we have alluded, and considering Mr. Bar- 
naby’s official position this was to be expected. There 
is nevertheless much valuable information and much 
that is suggestive in the paper, and the zeal dis. 
meee by the Admiralty authorities in collecting 

ta on the subject is worthy of the highest com- 
mendation. Speaking of the value of our merchant 
vessels in time of war for the purpose of supplying 
stations and war fleets with stores and munitions 
war, Mr, Barnaby draws an important distinction 
between the present and the past. He says: “In 
the naval wars at the beginning of the century such 
services could only be performed at great risk and 
under powerful convoy, because the rts were 
inferior in speed to the cruisers of the enemy. But 
our first-class Goan BOE mail steamers can main- 
tain a speed, even when loaded, which would be un- 
approachable by most of the fighting ee of the 
enemy.” ‘This is unquestionably true, and the fact 
of our possessing so many large merchant steamers 
that could depend upon their speed for their safety, 
would be an enormous commercial advantage to 
this country in the event of ‘a prolonged naval war, 
irrespective of the question of arming them or em- 
ploying them for war purposes, And this should be 

cient reason to induce the Government to place 
lega) restrictions in the way of such vessels passing 
into foreign hands, perhaps into the hands of the 
enemy, at a time when they may be sorely needed 
by this country, even if we do not go so far as the 
recommendations of the Committee on Postal Con- 
tracts in 1853, and “ retain the power in the Govern- 
ment to take possession of the vessels in the event 
of national emergency.” Nothing but the circum- 
stances of the hour could decide whether it would be 
better for the Government to take possession of the 
vessels, Jpotcniee them in fact from the owners, and 
arm and equip them for offensive and defensive 
warfare, or whether it would not be more advisable 
to arm them in self-defence and encourage them to 
pre | the sea as traders to maintain the commerce 
of the country. 

Mr. Barnaby says: 

** According to the Board of Trade returns up to 
the end of 1875, the number of registered ing 
ships was more than six times that of the register 
steamships, Of registered sailing ships of 50 tons 
and upwards there were 18,696, and of registered 
steamships of 50 tons and upwards 3436. Froma 
recent careful inquiry into the matter, I am in a 
position to say, that of these 22,000 ships of 50 tons 
and upwards, about 300 would have a speed of 
12 knots and upwards at sea.” 
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These fi rather overstate the case, because 
nearly of the 22,000 ships of 50 tons and up- 


wards here referred to are under 100 tons, and 
comprise yachts, coasters, and a host of small craft 
that take no part in Our over-sea trade ; but allowing 
for this, the proportion of fast vessels to slow ones 
is very small indeed, And when Mr. Barnaby has 
deducted his 300 fast vessels, and tells us of the 
remainder that the successful convoy of sailing ships 
and slow steamships has become impossible, and 
that it will be still less possible to navigate such 
ships safely without convoy, it looks as if the 300 
fast vessels, the only ones that could be navigated 
in safety, would be required to keep up the supply of 
provisions in the country, and would have but little 
time to go out of their way to chase rovers or seek 
the enemy. 

It may of course be said that if these 300 vessels 
were bought armed and commissioned by the Go- 
vernment they would soon be able to sweep the 
seas of the enemy’s unarmoured war-ships, armed 
merchantmen, and rovers, and that the slower 
vessels of our own mercantile marine could then 
proceed in safety, supposing, as we have a right to 
suppose, that our own ironclad fleet had in the 
mean time given a satisfactory account of the iron- 
clads of the enemy. But a point which arises here 
is, how are these first-class ocean - going mail 
steamers suited for the purpose of being converted 
into armed cruisers? On this point Mr, Barnaby 
has given us some very interesting information, 
He discusses the three principal difficulties which he 
conceives to stand in the way, and he urges with 
much force that even putting aside the question of 
offensive operations, it is desirable to show the 
shipowner in what direction security against cap- 
ture is to be found, and to aid him in obtaining it. 

The first difficulty put forward is as to the position 
of the machinery. The cylinders and steam pipes 
are said to be usually above the water-line in the 
merchant ship, and therefore liable to be disabled by 
shot and shell’ whereas in the unarmoured ship of 
war they are kept at least a few inches below the 
water level, and are further protected by coal stowed 
abreast of them, 

The next difticulty is that in the merchant steamers 
the iron skin of the vessel has no sheathing of wood 
over it, and therefore ‘ projectiles pissing out ata 
low velocity, at the side opposite to that at which 
they entered, are likely to drive away from the 
frames a considérable area of plating, and if this 
happens in the neighbourhood of the water-line the 
consequences may be very serious.” 

The third difficulty is the frequent want of effec- 
tual division of the ship by water-tight bulkheads. 

‘These defects in the merchant steamer for use 
in war,” says Mr, Barnaby, ‘‘are so serious that they 
explain the reluctance of naval administrators to 
place any reliance upon iron merchant ships for fight- 
ing purposes. When Mr. Brassey first proposed to 
revert to subsidies for merchant steamers for war 
purposes, I told him that I had considered it many 
times, but that these difficulties stood in the way.” 

In connexion with the proposal to arm our ocean 
mail steamers as cruisers in time of war, there is 
one point of great importance not mentioned in Mr, 
Barnaby's pe r, and it — notice in the discus- 
sion that followed the ng of the paper: we 
refer to the enormous size of most, or at least of a 
large proportion of the vessels of the great’ steam 
linea. Out of the whole mercantile marine Mr. 
Barnaby has found — 300 vessels with speeds suf- 
ficiently high to qualify them for cruisers. We 
should much like to have seen these 300 vessels 
— submitted to analysis and' arranged in order 
of size. Nobody, we take it, would think of de. 
spatching huge vessels like the Britannic or Ger- 
manic, or the City of Berlin, of upwards of 5000 
tons gross register and 8000 tons displacement each, 
with 64-pounders on board to chase rovers, or to 
risk an encounter with an enemy's war-ship, either 
armoured or unarmoured. And the same remarks 
apply to a vast number of mail steamers which are 
included in Mr. Barnaby's list of 300 ships capable 
of steaming 12 knots. By eliminating these ships 
of enormous size and all other vessels which from 
their design or construction are manifestly unfit for 
conversion into war cruisers, we shall arrive at the 
actual list of vessels the Government would have to 
fall back upon to supplement their own cruisers in 
time of war, and, although the list may be much 
smaller than it appears at present, we shall know 
where we stand in the matter, and everybody will 
reach nearer to a comprehension of a difficult and 
complicated public question. 





Mr. Barnaby’s views on the method of arming 
these merchant steamers are important. He says: 
‘““Itis quite certain that ar can at a few hours’ 
notice be efficiently <lefended by a shot-proof screen 
across the deck before the machinery, and can as a 
rule be quickly and inexpensively armed with rams 
and with two 61-pounder in the bow. So lon 
therefore as they can be fought bow on, they wi 
comparefavourably for ordnance, for the ram, and for 
the bonpeess with unarmoured ships of war. The 
same holds good as to the defence and armament of 
the stern. About the broadside I am not so clear, 
but I should not despair, in view of structure and 
stability, of giving at short notice to many of our 
fast ocean-going ships, an efficient broadside of 
64-pounder guns, and 6-in. armoured screens 
between decks, if that were ever found to be desir- 
able.” 

Mr. Barnaby continues : ‘‘I think however we may 
be content with an armament which would be an 
absolute guarantee for their own preservation ; for 
the equally fast unarmoured ship-of-war or privateer 
would not, and the slower armoured ship could not 
attack them.” The italics in the foregoing sentence 
are our own, and we mark the words they embrace 
because they appear to be somewhat inconsistent 
with another statement in the paper which, referring 
to unarmound ships, says, ‘‘ Since the merchant ships 
cannot mount numerous guns, they will, even when 
armed, find the modern regular ships of war almost 
always their victor in single combat.” If the un- 
armoured ship of war is likely to be the victor, why 
should she not attack the armed merchantman ? 

It is often objected to merchant vessels being 
armed as cruisers, that they would be deficient in 
point of stability and strength. So long as the 
intention is merely to arm them with a few 64- 
pounders at the bow and stern, these objections are 
of little force. Great difficulties would arise how- 
ever with many of the vessels in regard to the sta- 
bility if it were intended to supply an efficient 
broadside of 64-pounders, and 6-in. armoured screens 
between decks. Mr. Barnaby draws an interesting 
comparison between the fighting powers of the 
merchant ship of the present day and those of for- 
mer in times the following words : 

‘* The inferences I would draw from the foregoing 
considerations are :—First, that the merchant ship 
which was at one time the equal of the ship-of-war, 
which continued to hold a high place in naval war- 
fare until far into our century, gradually lost its 
place for the reasons I have given, and eventually 
fell into contempt among naval men for war pur- 
poses, Second, that the extension, in point of space, 
of delicate machinery in the ship-of-war, and the 
perfection of the explosive missiles with which it 
may be attacked above and below the water, have 
together, within the last few years, been gradually 
bringing the two kinds of ships again together, 
except when armour is used.” 

Mr. Barnaby presses this on the attention of ship- 
owners and of the Government with a view to 
establish a still closer approximation, and to bring 
about such an arrangement as would secure for 
the State the services of all suitable vessels in the 
event of war, and prevent them from passing into 
the hands of our enemies—“ a consummation de- 
voutly to be wished.” 








FISH-BITES IN SUBMARINE CABLES. 

In our issue for — 22nd of last year, we 
gave an account of the sources of failure in sub- 
marine cables which have been laid, and cited all 
that was at that time publicly known of the nature 
of the singular bites which have appeared from time 
to time, and especially just after the laying, in the 
Para to Cayenne section of the Brazilian coast cables, 
and which have been attributed to the attacks of 
the saw-fish, which is said to be prevalent in these 
waters. Weare now in a position to give some more 
detailed information respecting these bites, 

This section, composed of Hooper’s core, with 
main, intermediate, and shore-end sheathing, was 
laid in 1874, from Para on the Amazon to Cayenne. 
French Guiana—a distance of 630 nautical miles, 
The shore end and intermediate at Cayenne was in 
the form of a T-piece, it being the intention to 
carry on the cable to Demerara, further up the coast. 
The leg of the T-piece was laid into Cayenne; one 
arm was joined to the Para section, and one was 
sealed and buoyed at sea about 35 miles from Cay- 
enne, in order that the ship, after laying the leg 
into Cayenne, might pick up the buoyed arm, join 


on the Demerara section to it, and proceed wi 








th | 1875, in about the same place, and five more 


the laying towards that place. The T-piece was 
successfully laid, and the completed section from 
Para to Cayenne tested satisfactorily on the 6th of 
July. The ship, therefore, made for the buoyed arm 
of the T-piece, and on the following mornin 
picked it up, and from there tested the completed 
section again. It was found faulty. Tests from 
both Para and Cayenne localised the fault, according 
to Mr. Warren, at about 126 miles from Para. 

During the ay ang” repairs which took place 
that year, at least four faults, which were incon- 
testably caused by the bites of some unknown fish, 
were cut out, and a number of places were over- 
hauled where the iron sheathing of the cable had 
been forcibly crushed up and displaced from the core, 
as if by the grip of some animal’s jaws. All these 
bites were observed within a distance of thirty or 
forty miles, and off the coast of the island of Mejano, 
in the estuary of the Amazon. As no explicit descrip- 
tion of these interesting faults has yet been given, 
we propose here to do so. 

In the first of these faults that was cut out one 
of the iron guard wires (of intermediate type) was 
bent aside so as to lay bare the jute serving imme- 
diately surrounding the core; and in the middle of the 
exposed part a piece of bone, apparently the splinter 
of a fish’s tooth, was found stuck fast through the 
jute into the rubber core. On the same side of the 
cable, about 2 in. long, another similar piece of 
bone was found in a similar position. Each of these 
splinters was nearly an inch long, and about } in. 
in diameter. Fig. 1 is a full size representation of 
them. On the other side of the cable, about midway 
between those ong: another smaller piece of tooth 
was found sticking into the core, so that a section 
through the fault was, as shown in Fig. 2. 
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A second fault had one wire bent inwards, and 
the rest slightly displaced from their helical positions. 
In this fault, when it first came out of the sea, a sharp 
triangular fragment of tooth enamel, about a quarter 
of an inch across, was found sticking between the 
wires by one of the men; and on stripping the core 
bare a minute hole, like the puncture of a pin, was 
found in the insulator. 

A third fault was of a more mysterious nature. To 
external appearance there was nothing wrong with 
the cable ; but when the outer serving was removed 
and the core exposed, there was visible a hole in the 
core as large as the head of a pin, filled up with a 
white substance very like putty in appearance, One 
yarn of the inner serving was then found to be 
divided just over this hole, and the iron wire which 
covered it in the lay was there found slightly bent 
as well as at a point about éwo inches further off. A 
few of the outer yarns were also found severed 
round about the fault. On slicing the core away at 
the fault with a knife, so as to lay bare the con- 
ductor, more of the soft crumbly paste was found 
on one side of the wire; and two small fragments 
of hard bony matter were found imbedded in one 
end of the divided inner yarn. These bits showed 
signs of decay. They were so small as to make it 
difficult to say whether they were bone or shell. But 
as they had a fibrous character, and a semi-lucent 
aaa, and taking into account the other signs 
of ill usage, there is little doubt but that this fault 
was also due to a fish. The white substance was 
doubless dental matter decomposed. : 

These three faults were all in the intermediate 
type of cable, and within a length of 15 miles of 
each other, and about 130 miles from Para. A fourth 
fault in the main or deep-sea type, was also cut out, 
and, although no fragments of teeth were found in 
it, the way in which the guard wires had been 
crushed up, proved it to have been caused in the 
same way as the others. A fifth fault, cut out at about 
270 miles from Para, and therefore nearly half way 
to Cayenne, was not so evidently ca by fishes, 
although it too possibly was. The core was punc- 
tured as in the others, but filled in this case with a 
black material, and the copper wire itself was slightly 
indented. It may have been caused by a strong 
tooth, which was again withdrawn. 

Mr, Warren has told us how, after these faults 


were removed, the cable was again found fault he 
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bites were cut out, in one of which was found ‘‘a| three, silica, lime, and alumina, mostly run off as aj Fourth in order of quantity expelled, viz., oe, 
large piece of a hard bony substance about 1} in. in | fusible slag. Of the carbon a small portion only Bowling Bg per cent. of ro seme parts 

; Clarence . » . » =. ” 


length, the part in the cable measuring something 
like 1 in. round.” He then goes on to say how he 
was at a loss to identify the fish which caused them 
until he got to Demerara, where he had no hesitation 
‘in attributing it to the teeth of the saw-tish, which 
exists plentifully in the water along the northerm 
portions of the Brazilian coast.” Mr. Buckland has 
described the action of the saw-fish attacking cables. 
He supposes that the saw-fish rifling the mud hori- 
zontally with his saw, comes into contact with the 
cable, and getting enraged hits it with his saw, so 
that his teeth penetrate between the guard wires into 
the core. 

Having fully detailed the appearance of some of 
these curious faults, our readers may themselves 
judge whether the saw-fish is likely to have caused 
them. 

It is true that the small triangular fragment of 
tooth found, as we have described in the second 
fault, might well be one of the sharp teeth in the 
saw of a saw-fish; but beyond this, it looks as if 
some other fish must be called to account for the 
depredation. For it is difficult to see how the cable 
could be forcibly crushed up by the downward 
stroke of the saw, as it appears to have been; and 
the first fault we have described with the three 
fragments of tooth symmetrically placed both above 
and under the cable seems to point more conclu- 
sively to a direct bite by some fish with powerful 
jaws. On the other hand, it may be said that the 
cable was lying flat on the bottom, and a fish could 
not therefore get it into its mouth. But the cable 
lies comparatjyely slack at some places on the bottom 
where it is smooth, and at other places where it 
passes over the barrier reef along that coast it must 
be supported clear of the bottom by the coral 
growths, so as to offer a tempting bait to the strange 
fishes which are known to haunt the surfaces of 
coral reefs, 








THE IRON AND STEEL INSTITUTE. 

In our report of the meeting of the Iron and Steel 
Institute in our last week’s issue we were obliged, 
owing to — upon our columns, to break off at 
the end of the first day’s proceedings. We now, 
therefore, continue our notice of the yp a meet- 
ing by an account of what took place on Thursday 
the 22nd ultimo. The business of Thursday com- 
menced by the reading of a valuable and interest- 
ing paper by Mr. Isaac Lowthian Bell, M.P., F.R.S., 
upon ‘‘ The Separation of Carbon, Silicon, Sulphur, 
and Phosphorus in the Refining and Puddling 
Furnace, and in the Bessemer Converter.” In it 
the author, referring to an exhaustive series of ex- 
periments made by himself, traced those-substances 
from their entry into the iron, through all their 
chemical changes under different processes to their 
exit from the furnace, and by means of tables of 
quantitative analyses made those changes clear to 
his hearers, 

Mr. Bell began his paper by referring to other 
communications that had been presented to the In- 
stitute bearing upon the same subject, and stated 
that as they ad dealt rather with the changes 
experienced by the crude pig during its conversion 
into malleable iron, he had thought that a considera- 
tion of the behaviour of iron with those substances 
whose presence distinguishes the different forms of 
that metal, might be of interest to the members of 
the Institute, although he had some doubts whether 
his investigation was of sufficient importance to lay 
before them. 

_ Consumers are fully alive to the influence exer- 
cised by the ——_ in iron of certain foreign 
matters, and there is a great desire among them to 
ascertain at what point this presence ceases to be 
deleterious and to learn whether there is not 
another point at which the existence of one or more 
of such matters may not actually be beneficial, In 
his opinion the time is not far distant when iron 
in its marketable forms will be described ‘not by 
the vague light contained in a document known as 
& ‘specification’ but by the more precise language 
of chemical composition,” but in any case he was 
strongly of the opinion that it was of the very 
utmost importance that we should acquire the know- 
ledge necessary for controlling the behaviour of 
foreign substances in our various operations with 
the metal iron, 

In an ordinary smelting furnace the solid bodies 
which may be regarded as being necessarily present 
- five in number, viz., (1) silica, (2) lime, (3) 

umina, (4) carbon, and (5) iron, The first 








unites with the iron, the remainder escaping in 
gaseous forms, and the fifth is, of course, the object 
of the operations. To these must be added two 
other substances, namely, phosphorus and sulphur, 
which are never entirely absentin iron, In the ore 
as it enters the furnace the silicon always, and the 
phosphorus almost always, are pani with 
oxygen, the former as silica, and the latter as 
phosphoric acid, Sulphur enters the furnace some- 
times in sulphide of iron, sometimes as sulphuric 
acid, as in sulphate of lime. Part of the silica, and 
probably the greater portion of the oniphes com- 
pounds, —e their exposure to the deoxidising 
agency of the blast furnace, part with their oxygen 
and are taken up by the reduced iron. The phos- 
phoric acid, however, may be assumed to be de- 
composed during the process of smelting, and con- 
sequently all its phosphorus is taken up by the 
iron. Carbon is invariably present in the metallic 
product of the blast furnace, whether it be derived 
from the carbonaceous matters used as fuel, or 
from dissociated carbonic oxide, Pig iron may 
therefore be looked upon as a compound of iron 
with carbon, silicon, sulphur, and phosphorus ; but 
besides these substances many others are to be 
found in the blast furnace, such as cyanides of 
potassium and sodium, chlorides of sodium and 
ammonium, carbonates of sodium and potassium, 
lithia, oxides of zinc and manganese, calcium and 
aluminum, sulphuric and sulphurous acids, &c. 

Mr. Bell stated that as his experiments were 
chiefly made with the iron of the Cleveland district, 
it was to that class of metal that his paper more 
particularly referred, but as the Cleveland iron is 
more than usually rich in silicon and phosphorus 
the choice possessed some advantages. Referring 
to the history of the processes for the production of 
malleable iron, and more especially to the primitive 
Catalan process — dates in principle as far 
back as the end of the 13th century), in which iron 
was extracted from spathic ores and hematite, by a 
direct process with charcoal fuel, the author called 
attention tothe fact that that almost obsolete process 
of iron-making is again attracting the attention of 
metallurgists in connexion with experiments which 
have been conducted by the President of the In- 
stitute, Dr. Siemens, He stated that using an ore 
containing so much phosphoric acid as to yielda 
pig iron which contains 1.5 per cent, of phosphorus, 
there is no difficulty in proemene the metal in its 
malleable form so free from phosphorus as to be 
useful for many of the purposes for which iron is 
employed. Mr. Bell believes that it will be difficult 
to supersede the best form of blast furnace when 
taken in conjunction with the position which, in his 
opinion, the mechanical puddling furnace is destined 
to attain. After giving some tables of analyses in 
illustration of some of the processes carried on at 
Towcester in the experimental works belonging to 
Dr. Siemens, the author, referring to the great in- 
vention by Henry Cort of the process of puddling, 
said that refining continued to be employed for 
many years after that discovery as a preparatory 
step to puddling, and that even at the present day 
refined metal is used for certain high classes of 
iron. The following Table, the result of experi- 
ments made by the author of the paper at the Bowl- 
ing Works, illustrates in an interesting manner the 
order and extent of the separation of the substances, 
carbon, silicon, sulphur, and phospborus, during 
the operation of refining : 








— Carbon.| Silicon .|/Sulphur.| Phosphorus. 
per cent.|/percent |per cent. r cent. 
Bowling cold blast pig ...| 3.686 | 1.255 | .033 P65 
After melting in refinery...) 3.510 575 | .034 558 
10 minutesafterfusion ...| 3.707 478 -038 537 
20 ” ” eo) 3,644 273 | .032 530 
28 ” ’ 3.544 -154 | .025 509 
Refined metal 8,342 150 | 025 490 

















Taking the quantities of the same four elements 
as they exist in the pig, the following numbers ex- 
press the rate at which they are expelled from the 
iron during the process : 

First in order of quantity expelled, viz., Silicon: 

Bowling 90.12 per cent. of 1.25 parts=1.126 

Clarence 90.57 - cA ‘80, = 2.535 ae 

Second in order of quantity expelled, viz., Phos- 
phorus : 

Bowling 48.12 cent. of .669 parts=.325 

Clarence 42.85 ani pe 1.47 = = .629 note 

Third in order of quantity expelled, viz., Sudphur : 

Bowling 29.77 per cent. of .0846 parts=. 

100.00 lly, =.1100 ,, 


Clarence 


” 








Although in the above Table there are some irre- 
gularities in the relative proportions of the same 
body separated from the different samples of iron, 
the order in which the experiments are placed cor- 
rectly shows the order, in point of extent, in which 
the separation is effected. 

Comparing the Bessemer process with the opera- 
tion of refining, the author pointed out that not- 
withstanding the dissimilarity in appearance be- 
tween them they closely resembled one another in 
principle. In both a current of compressed air 
affects the change in the composition of the iron 
under treatment, and in both the process of oxidation 
is the source of a great evolution of heat, though in 
the case of the Bessemer converter the rise of tem- 
perature much exceeds that of the refinery, The 
chemical phenomena attending the two operations 
are, however, by no means identical, The silicon is 
in both cases most speedily driven off, but in the 
case of the refinery it is the phosphorus which is 
next, or, perhaps, simultaneously attacked with the 
carbon, while in the Bessemer process the phosphorus 
remains unaffected. 

From a series of experiments conducted by the 
author, through the courtesy of the Weardale Iron 
Company, upon the changes experienced by Clarence 
iron during its exposure in the Bessemer converter, 
he had arrived at the following figures, which in 
round numbers express the percentages of difference 
in the original quantities of the same four substances 
under discussion, both in the refinery and in the 
Bessemer converter : 





| Silicon. | Carbon. \suiphur.| Phosphorus. 





cent. per cent.|per cent.) per cent, 





iper 
In refinery ...| 90 loss | 10 loss | 80 loss 50 loss 
In converter 
(according to {3 to 8t099| No 10 to 16 
— of 99 loss} loss | change gain 
lowing) 


After describing some experiments which he had 
conducted for still further comparing the progress 
of chemical changes going on in the Bessemer and 
refinery processes, the author directed attention to 
the important fact that heat, although a most 
powerful agent in causing chemical action, possesses 
the faculty, so to speak, of undoing that which it 
has accomplished under different circumstances. 
Thus temperatures of moderate intensity determine 
the union of hydrogen and oxygen, while the more 
violent heat is capable of splitting up the resulting 
water into its elementary constituents. With our 
previous knowledge, then, of oxide of iron being 
able, under certain conditions of temperature, to 
convert the phosphorus of pig iron into phosphoric 
acid, and then remove it (at all events in part) as 

hosphate of iron, there seems every reason for be- 
ieving that the high temperature of the metal in the 
Bessemer converter inverts the action recognised as 
taking place in the puddling furnace and refinery, To 
demonstrate this experimentally the author cited the 
following experiment: A quantity of pig iron direct 
from the blast furnace was poured slowly through a 
column of melted oxide of iron. The action was 
of a very marked character, white fumes being given 
off, as happens in the converter when the silica is 
—— off, accompanied by the evolution of a con- 
siderable quantity of inflammable gas. On com- 
paring the iron before and after the experiment it 
was ascertained that the effects produced corre- 
sponded in a remarkable degree with those when 
the same quality of Clarence iron was passed 
through the refinery, This experiment was re- 
peated in a variety of ways, and the author suc- 
ceeded, by the means described, in freeing on one 
occasion the pig of all but about .1 per cent of its 
phosphorus. 

The paper went on to show that in order to effect, 
in the most perfect manner, the separation of what 
are at present called the ‘‘ impurities” of pig iron, itis 
essential to success that the metal should be fluid, 
and we may assume that of the four substances 
under discussion, carbon is that element which 
confers on the pig iron the property of melting at a 
comparatively low temperature, besides (except in 
the converter) holding more tenaciously to the iron 
than do any of the other three substances, It is this 
order in the intensity of chemical affinity which, by 
preserving the property of fluidity at low tempe- 
ratures, enables the silicon, sulphur, and phosphorus 
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in the pudding furnace to be oxidised and removed 
in whole or in part. ; ae” 

Tracing the well-known uncertainty, which in- 
variably surrounds the operation of puddling, to the 
great difficulty that exists in so conducting the 

rocess that the separations of the foreign in- 
gredients may take og in their proper order so as 
to finish together, Mr. Bell quoted the following 
experiments in order to demonstrate the conditions 
that ought to be aimed at during the process of 
puddling. A quantity of Clarence pig, from which 
nearly all the carbon had been burnt off, was 
transferred while fluid from the Bessemer converter 
toa puddlingfurnace, In five minutes it was ready 
for balling, so that a very short time had been 
available for the oxidation of the phosphorus. Ina 
second experiment a portion of the same ‘ blow” 
was introduced into another puddling furnace in 
which there was a considerable quantity of fused 
oxide of iron, the presence of which was calculated to 
act more completely on the phosphorus than in the 
previous experiment. Analysis showed that after the 
first experiment an unusually large amount of phos- 
phorus was left in the iron, while after the second the 
quantity was much reduced. In support of this the 

ercontained several tables of analyses in which the 
influence of melted oxide of iron in eliminating the 
hosphorus during the puddling processes was 
forcibly demonstrated. 
. Summing up the results of these experiments and 
analyses, the author stated that the object of the 
puddler ought to be to expose his charge as com- 
pletely as possible by vigorous work to the action of 
the fluid oxide at that period when the ea eneg 
is being oxidised twice as rapidly as the carbon. 
From the course of his experiments he had been 
led to the conclusion that the conditions favour- 
able to this result are best attained by melting the 
crude iron before its introduction into the puddling 
furnace. When this was done the bar iron obtained 
was much stronger than when the pig iron was in- 
troduced cold, and at the same time the phosphorus 
was sensibly lessened in quantity. In corroboration of 
this the author mentioned the following experi- 
ments: 1. A heat puddled from cold pig iron gave 
a coarse crystalline bar containing .592 of phospho- 
rus; 2. The same iron introduced into the puddling 
furnace in a fluid state, gave a fibrous bar, with a 
few bright spots, and contained only .328 of phos- 
phorus ; 3. A second heat was made like that in the 
second experiment, and the result was a perfectly 
fibrous bar containing only .209 of phosphorus. 

The following cnciytienl Table is instructive as 
expressing the rate at which the three substances, 
carbon, silicon, and phosphorus, leave the iron 
during the operation of puddling, which, for the 
sake of comparison, is divided into four periods : 














bo First | Second | ‘Third | Fourth 

Period. | Period. | Period. | Period. 

per cent. | per cent. | per cent. | per cent. 
Carbon 36 A) 65 95 
Silicon... | 95 95 95 95 
70 . 71 74 


Phosphorus 58 
t 





From these figures the author of the paper de- 
duced that at the moderate temperature at the com- 
mencement of the operation, the silicon, or a great 
portion of it, is removed; next in order is the 
phosphorus, and last of all the carbon. By the 
time, however, the third period is reached these 
two substances approach each other pretty closely 
in the extent to which they are carried off, after 
which the phosphorus may be looked upon as re- 
maining stationary. 

Mr. Bell concluded his paper by expressing his 
— most confidently that for freedom from 
phosphorus, mechanical puddling is vastly superior 
to that obtained from hand labour, and as an illus- 
tration of the uniformity with which the Danks 
furnace is capable of performing its work he had a 
rail analysed for phosphorus from samples taken 
from the two ends and from the middle of the bar. 
The result showed that the central portion con- 
tained .179, and the two ends .178 and .176 respec- 
tively, the rail itself being formed out of a single 
Danks bloom puddled at one heat, and rolled direct 
off after receiving two wash heats, 


fail to find out what conditions influence the sepa- 
ration from the iron of substances whose presence is 
deleterious to its quality. 

At the conclusion of the paper the President pro- 
posed a cordial vote of thanks to Mr. Bell for his 
valuable. and instructive communication, and said 
that as it was most desirable that the members 
should have an opportunity of carefully studying 
the paper before discussing it, he postponed the 
discussion until the meeting to be held at Newcastle- 
upon-Tyne in the autumn. He then called upon 
Captain Ainslie, to give to the meeting an account 
of the experiments which he had been con- 
ducting upon the corrosion of iron and steel when 
in contact with sea water. 

Captain Ainslie, R.N., said that in the experi- 
ments which had been carried out at Sheerness they 
had used two cylinders about 3 ft. in diameter and 
8 ft. long, each carrying at its upper part a tube-plate 
into which were screwed a number of tubes made 
from various descriptions of iron and steel, These 
tubes were heated by the admission of steam into 
the outer cylinder. The tubes were partly filled, 
some with salt water of different densities, some 
with well water, and some with spring water. Into 
these tubes rods were dipped upon which were 
strung discs or washers about 2 in. in diameter of 
different qualities of iron and steel, which were 
accurately weighed before they were put in, 
and again after they were taken out. During 
the experiments the tubes were closed in some 
cases for as long as two months, and the pres- 
sure of steam within them was sometimes as great 
as 40 lb. on the square inch. The result of these 
experiments was that, roughly speaking, the milder 
the steel was, the greater was its corrosion. Steels 
made by the Bessemer process were less affected 
than the Siemens-Martin and hard crucible steel, and 
in all cases iron was less acted on by corrosion than 
was steel, but the Crampton iron was more affected 
than the others. Corrosion was always greater at 
the water line than it was lower down. In all the 
steels experimented on, with the exception of 
Cammel’s pulverised steel, there was very irregular 
corrosion, the specimens were much pitted, and in 
one instance, which was a sample of Whitworth’'s 
compressed metal, the corrosion had eaten out the 
surface into grooves, giving the specimen a laminated 
appearance. 
ne very important result of Captain Ainslie’s 
experiments was the demonstration of the efficacy 
of pieces of zinc in metallic contact with iron and 
steel for preventing the corrosion of the latter 
metals. Zinc used in this way was found to be 
efficacious against corrosion by sea water and fresh 
water, as well as by mineral oils. This protective 
influence of zinc is undoubtedly due to local voltaic 
currents set up when iron, in contact with that 
metal, is submitted to moisture. Under such con- 
ditions the iron becomes the negative element of an 
electrolytic couple, and is thus rendered incapable 
of combining with oxygen. 

Captain Ainslie had upon the table a great many 
specimens of iron and steel, showing the various 
degrees of corrosion that had taken place during the 
experiments. Some of these exhibited very curious 
effects. 

The President thought it possible that the pre- 
sence of grease may have played an important part 
in the production of some of the results which 
Captain Ainslie had brought before the meeting. 
He thought that the grease might counteract the 
good which an absence of oxygen might produce, 
and he thought it probable that the very striking 
results of Captain Ainslie’s experiments were due 
toa combination of several evils of which the pre- 
sence of grease was an important one. 

Mr, Richardson said he had had considerable ex- 
perience with the working of steam boilers in which 
the feed water was mixed with sewage, and that 
they had suffered no corrosion whatever. With 
sewage water he had had steel boilers working for 
twenty years, which were as clean and free from 
oxidation as when they were new. His own ex- 
perience quite corroborated the results arrived at 
by Captain Ainslie with respect to the beneficial 
influence of plates of zinc in the prevention of cor- 
rosion, 

Mr. E, A. Cowper said that he always took the 
precaution to put into a boiler a quantity of fresh 





He suggested to iron manufacturers to place a 
rotating puddling furnace for a time under the con- 
tinuous inspection of a properly qualified person 
who, by curefully observing all the conditions 
under which the operation is carried on, could not! 





water in order to diminish the acidification of the 
grease which is caused by boiling the same water 
over and over again. A piece of lime introduced 


After some remarks from Mr. Daniel. Adamson 
and Mr. Rogerson upon the subject of corrosion, 

Mr. Sharp (of Bolton), continuing the discussion 
upon M. Gautier’s paper which we published ix 
extenso last week, * said that the firm with which he 
was connected had for many years paid t 
attention to the manufacture of steel plates, and had 

ound great difficulty in obtaining spiegeleisen 
sufficiently rich in manganese to produce the quality 
of steel they desired. They had however succeeded 
in producing plates which had a tensile strength of 
between 32 and 38 tons on the square inch, of which 
a large quantity had been made into boilers with very 
satisfactory results. Two years ago the Admiralty 
required steel with a minimum tensile strength of 
26 tons on the square inch, and a maximum of 30 tons, 
and it was by the use of ferro-manganese that they 
were able to supply it, and since that time they have 
been regularly making that quality of steel, and out 
of six or seven thousand tests made by Government 
inspectors, they had had but one plate rejected for 
not standing the temper test, which was quenching 
it when red hot in cold water, and then bending it 
when cold toa very small curve. Mr. Sharp con- 
cluded his remarks by saying that steelmakers 
owed a great debt of gratitude to the Terre-Noire 
Company for producing that invaluable material 
ferro-manganese, and he was glad to say that they 
were now selling it in this country at something 
like a quarter the price it was three years ago. 

M. Gautier replied to the points raised in the 
discussion on his paper, and called attention to the 
fact that the presence of silicon in no way depre- 
ciated the strength of soft steel. 

The President, in closing the discussion, said he 
had himself paid some attention to the addition of 
silica to steel and had obtained some good results 
from the addition to steel of a mixture of silicon and 
lead, but though he believed that lead behaved 
in a similar manner to silicon, its poisonous vapours 
stood in the way of its adoption, and he therefore 
—— that silicon was the best material to be 
used. 

Referring to Captain Ainslie’s experiments, Dr. 
Siemens said that further investigation was needed 
in order to discover a reliable remedy for corrosion, 
which might be found in the direction of using feed 
water of such a nature as not to be likely to attack 
the metal, or by the protective influence of plates 
of zinc, or perhaps by the coating the surface of the 
iron with magnetic oxide, as had been proposed by 
Professor Barff. But in whatever direction the 
remedy was to be looked for, it was certain that an 
evil existed, and the attention of chemists and en- 
gineers ought vigorously to be directed to discover 
a remedy. 

Two supplementary papers were then read, the 
first by Mr, Kirk upon “Some Features of Re- 
volving Puddling Furnaces and their Products,” 
and the second by Mr. Howson upon “ Welding,” 
which we published in extenso a fortnight ago,t but 
we are again compelled, for want of space, to post- 
pone referring to them and to the discussions to 
which they gave rise, for another week. 








CENTRIFUGAL FORCE AND UNBALANCED 
FORCE. 

To THE EprIToR oF ENGINEERING. 
Str,—The discussion of the questions raised in the 
interesting paper of Mr. R. D. Napier does not appear to 
have been yet attended with the useful result which might 
have been looked for, and which I take to be nothing more 
nor less than the correct definition of the first principles of 
force and motion, or the attainment of clear conceptions 
concerning them. 

If L rightly understand Mr. Napier’s position, he advocates 
the existence of centrifugal force, but in doing so considers 
himself confronted by a dilemma of very formidable ap- 
pearance. In any controversy as to the existence of 
centrifugal force I suppose it would be possible for each 
party to establish his conclusions if each is allowed to choose 
his own definitions ; but I fail to see that the centrifugalist 
is obliged to yield to either horn of the dilemma which 
terrifies Mr. Napier. pe 
Whatever view — be taken of the proposition “that a 
force cannot act without having an equal force to act 
against,’’ it will probably be agreed that a force cannot act 
without having a body to act upon ; and if a force does not 
“act,” itis nota force. Any conception of a force as 
something having an existence away from the body upon 
which it acts is a mere <a When we Fa age of a 
certain force, then, we speak of something ac’ upon @ 
certain body in a certain direction, and not of anything 
ing upon another body, nor of a upon the 
body in question in another direction. This is not incon- 
sistent with the statement of Professor Rankine, that ‘‘every 
force is an action between two bodies,’’ because the same 











into the boiler is also useful in checking this acidi- 
fication. 





*See ENGINEERING, page 255 ante. 
287 ante. 


+ See ENGINEERING, page 
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force does not act upon both bodies. Let us consider the 
actions between a weight and its support; the downward 
force acting upon the support is the action of the weight 
upon the support, and is therefore ‘‘ an action between two 
bodies ;’’ the upward force acting upon the weight is the 
action of the support upon the weight, and is therefore an 
action between two bodies ; but the downward force is not 
the upward force. Language is sometimes used which 
seems to imply that one is the action, and the other the 
reaction of the same force, but if we admit this, we must 
strictly conclude that a force is something different from 
the action of a force, or else that a force is two forces. 

But whatever name we may give to the force acting upon 
a given body, itis very necessary not to confound it with 
the force acting upon another body, and it ap to be 
owing to this confusion that Mr. Napier has been led to 
imagine himself pursued by a dilemma from which he sees 
no escape, and accordingly proceeds to transfix himself 
upon one of its horns. But we think the centrifugalist may 
be excused for declining to follow his example. 

The dilemma makes its first appearance as follows : 

‘‘If there is such a force as centri force which is 
equal and ge to centripetal force when a body is mov- 
ing in a circle, then the direction of the motion of a body 
may be altered while all the forces affecting it balance one 
another.”’ In reply, the centrifugalist will assert that 
undoubtedly there is such a force as centrifugal force which 
is equal and opposite to centripetal force, but he will deny 
the conclusion sought to be established. 

When a body moves in a circle, the direction of its motion 
is changed because the forces acting upon it do not balance 
one another. The only force acting upon the body in 
question is the centripetal force, which is therefore an 
“anbalanced force,’’ and produces the amg of motion in 
accordance with the generally unders property of 
unbalanced forces. 


To make this quite clear we may recall the case used as | raised 


an illustration by Mr. Napier, in which a weight sliding 
upon the spoke of a wheel was supposed to press upon the 
rim or was pressed inwards from the rim by the interposition 
ofa spring. Mr. Napier sets the wheel et ae and finds 
that the weight presses upon the spring with a force which 
he calls centrifugal force, and perhaps rightly, because it is 
a force acting upon the spring and tending to push it away 
from the centre—but this is not a force acting upon the 
weight—there is no force acting upon the weight, and tend- 
ing to push it away from the cen‘ the only force pe | 
upon the weight is the pressure of Soe tending to pus 
it towards the centre and therefore called centripetal force. 
If Mr. Napier would introduce another spring on the inside 
of the weight, and exerting upon ita force equal and 
opposite to that exerted by the outer pring, he would then 
have a body (the weight) in which all the forces acting wu 

it balance one another; but he would also find that when 
the wheel revolves, the springs cannot remain in this con- 
dition, but that the outer spring must exert upon the weight 
a greater force than the inner spring exerts, or in other 
words that when the body moves in a circle the forces 
acting upon it do not balance one another, which is contrary 
to the conclusion sought to be established. 

It is perhaps necessary to observe here that the centri- 
fugalist is not called upon to assert that when a body 
moves in a circle, there is always a force which is properly 
called centrifu; force ; it is sufficient if he asserts that 
there is such a force at any time. 

Before he asserts the existence of centrifugal force in any 
particular case, he will be careful to look for the body upon 
which it acts with a tendency to push the body away from 


the centre. In the case just considered, it is unfortunate | Wh 


that all the bodies concerned are revolving bodies; but let 
us take the case of a train running round a sharp curve 
upon & railway ; it will beimpossible to deny that a force is 
here acting upon the rail, tending to push it away from 
the centre, and which may therefore be properly called a 
centrifugal force. The dilemma is said to resolve itself 
into this ; ‘‘ that either there is no such thing as centrifugal 
force, w Prone there is no such thing in nature as an un- 
orce.”’ 

_ We cannot help thinking that this dilemma has got both 
its horns on one side ; at all events we have sta: with a 
definition, or a conception of “‘a force’’ as something which 
is not to be dissociated from the body upon which it acts, 
and having as I submit, consistently adhered to that defini- 
tion, we have shown that there is such aforce as “ centri- 

foree’’ acting not upon the revolving body, but upon 
another body, and that therefore the centri force acting 
upon the revolving body is an “ unbalanced force,” so that 
the two propositions which constitute the horns of the 
dilemma, an: were supposed to be alternatives, have fallen 
together. Apologising for the length of this letter, 

T am, Sir, yours truly, 
T. CLAXTON FIDLER. 
March 30th, 1877. 








PROFESSOR TAIT ON FORCE. 
To THE Eprtor oF ENGINEERING. 

Srr,—The importance of having clear conceptions of the 
meaning of the terms used in reference to questions in dy- 
namics, and Professor Tait’s lecture on ‘‘ Force’’ at the last 
— of-the British Association, having deplorably in- 
tens some of the most pernicious errors of ordinary 
writers on that science, which I undertake to prove he 
has done, is my excuse for asking you to insert this letter. 

We are told in most ises on dynamics that the same 
symbol represents both the need. vity 
and the force which produces the ion. find in 
the preface to Young’s Mathematics (1862) the followi 
sentence, quoted from De M » which should be prin 


in red letters in ey d wage 

scclraing foros" which any ‘eno’ wonld” suppose 
the foree which produces the acceleration, is no such 
thing; it is the effect produced, the very acceleration 





itself. I dwell upon this from a recollection of the con- 
Sesion it a ge J! m Myre x when a —— of the 
su “es is will show am not si in pro- 
a inst this error, which I had all along sup; 

, and from a notion 
somehow shorter ani easier than to state the truth, that 
an effect can never be the cause of the effect produced 
The mischief done by this gross carelessness, as I pre- 
viously considered it to be, has i 
lamentable, and the slovenly way of p 
inexcusable. However, we are now told by 
in his lecture, of which I had not till lately seen a full report, 
that in order to properly understand the sul 
essential that we should 


been incalculable and 


ibject 

clearly understand that ‘force 
is the rate of change of momentum,’’ so that if a body is 
screwed up in a vice there is no force acting on either side 
of it; and yet we are told that we are to use the word 
force in exactly the samé sense as Newton used it, and that 
‘strain, stress, pull, 
We are also told that ‘‘ any change in the 
rate of motion of a body is to be attributed to force,” and 
that ‘‘ momentum is mass X velocity.’’ 
in this sentence velocity for rate of motion, and the defini- 
tions of force and momentum for the words, we get the no 
comms —— i yore ® on Nera oy oe 

in velocity of a is cause the product of t 

rate of change of its veloci 

We are further inform 


to be applied to an 


ting | Geological urvey of Scotland 


that ‘‘ force is a mere name,”’ 
but that “‘the product of force into the displacement of its | and 
point of application has an objective existence.” 
rather curious how passing a name over a distance has such 
surprisingly creative effects. Probably passing this created 
objective existence over a surface might create matter, and 
sing this matter through a volume might produce life. 
ey should look into this. 
To illustrate his subject Professor Tait tells us that “‘a 
ised mass, in virtue of its elevation, possesses an amount 
of energy precisely equal to the work spent in raising it. 
This dormant or passive form is 
Is not the dormant ene 
terms? Potential energy 
** stored up in the raised mass,” as we are told in this 
lecture? An answer to this 
another illustration given. 
work,’’ and ‘‘the drawn bow has in it potential energy’’ 
. . **which can be expended on the arrow.” If 
one in raising the weight is stored up in the wei 
the work done in drawing a 
in the arrow, which occupies an exactly similar position 
that of the raised weight. Ifthe work is stored up in the 
weight, how does it show itself? It must either be in the 
velocity of the body, or in its heat, or in its molecular con- 
dition ; but none of these are altered any more than they 
arein the arrow when the bow is drawn back. It is the 
that has been overcome through a definite 
is totally unaffected ; two forces were 
ion. on it, but the body was as pas- 
sive as the arrow. Force can no more exist without a re- 
can be stretched out horizontall: 
with one end loose. After what has been sai 
uires any comment. ‘‘ We 
have just seen that when work is spent against molecular 
bow or winding up a spring, it is 
as potential energy,” and “it is stored u: 
similar form when done against gravity as in 
w is drawn out or 
wound up both have their condition altered, but in raising a 
weight its condition is not altered but only its 
imbs a ladder, he finds he has lost en 
and not gained it, and if a weight could do the same the 
result would be the same. 
ference to some position assum: 
vary as the square of its velocity in relation to that sup- 
posed fixed point, but the whole of the d. i 
inherent in the body, ifthe phrase may 
inertia, or power of resistance to alteration of velocity. 


Glasgow, March 26, 1877. 


called potential energy.”’ 
somewhat contradigtory i 
can understand, but is 


uestion may be found in 


must surely be sto 


acting in opposite di 
sisting force than a rope 
ing sentence hardly 


forces, as in drawing a 


tial energy in re- 
to the stationary will 


Rosert D. Napier. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig Iron Market.—The prices of pig iron in 
the Glasgow market this day week ranged from 53s. 34d. 
to 53s.6d. On the following day the market opened firm 
at 53s. 6d. ; the price advanced to 53s. 104d. fourteen days, 
but afterwards slackened, and the market closed with the 
demand quiet at 53s. 7}d. cash. Business in the “iron 
ring’’ was entirely suspended on Good Friday and Easter 
Monday, which were both observed as Bank holidays. The 
warrant market opened strong yesterday morning, and 
prices improved rapidly. At one time an advance of 5d. 
per ton was obtained, but the market closed 3d. better than 
the closing price paid last Thursday. 
58s. 9d. cash, improved to 54s. fourteen days and 54s. 2d. 
one month, closing in the forenoon, sellers at 54s. cash, 
buyers at 54s. fourteen days. In the afternoon, prices 
started as high as 54s. 2d., but receded to 54s. one month, 
id. The closing prices were, 
Business opened this 


Business opened at 


and 54s. cash was likewise 
sellers 54s., buyers 53s. 1 
forenoon at 54s. 14d. one month fixed, and advanced, with 
. one month fixed, and 54s. 3d. 
cash, but at the close 54s. 3d. one month fixed was accepted, 
with sellers over, buyers 54s. 2d. The af 
quiet, buyers 54s. cash, sellers 54s. 14 
advance of the last two days it must be admi 
signs of a permanent revival, and in several 
quarters it is thought that the only course to ad 
order to improve upon the ruino 
prevailed is to curtail i 


a fair turnover, to 54s 


at several works the make has 





reduci , as they are now at a point below which 
ther poem woll be brought. A considerable number of 
blast furnaces were damped down at the beginning 
week, partly owing to wages difficulties with the workmen ; 
but since then some of those furnaces have again been put 
in blast, the men having returned to their work on 
employers’ terms. The men at Quarter Iron Works having 
refused to accept of the terms offered struck work last week, 
and rent were at once legally warned out of the houses 
which they occupied belonging to theemployer. On Friday 
last there were 108 furnaces in blast as against 118 at the 
same time last year. The stock 2 vg ee in Messrs. 
Connal and Co.’s warrant stores riday night was 
129,192 tons, the increase for the week being only 79 tons. 
Last week’s shipments amounted to 10,241 tons as com- 
pared with 9529 tons in the corresponding week of last 
year. 

Royal Society of Edinburgh.—An meg | meeting of 
this society was held on Monday. ing, the ident, 
Sir William Thomson, in the chair. Professor Geikie ex- 
hibited a map indicating Che pronrens made by the 

Re ope out the 
results shown in it, he stated that the whole of the south 
part of Scotland had now been surveyed with the excep- 
tion of some high ground lying to the west of the valley of 
the Liddel, and certain sections of Roxburghshire and 
Dumfriesshire. From this time onwards the main part of 
the work of the survey would lie in the Highlands, 
other’ north country grounds. With to the 
granites found in the south-west of Scotland, he men- 
tioned that these seemed to have played the same part in 
the volcanic history of the country as the granites in the 
north. While ls the survey of the carboniferous 
order of rocks he stated that the only coal now to be 
mapped was that which lay in Sutherlandshire. Several 
other papers were read, including one by Professor 
Fleeming Jenkin, entitled ‘‘ On the Application of hic 
Methods to the Calculation of the Efficiency of 


Institution of Engineers and Shipbuilders.—The usual 
monthly meeting of the graduates’ section of this Institu- 
tion was held last night—Mr. David C. Hamilton, Presi- 
dent, in the chair. A conversation took _— seuneiies a 
pre to have an excursion to the Tay Bridge while it is 

ill in process of construction. One speaker stated that 
when Mr. Grothe was in Glasgow delivering a lecture npon 
the snbject some weeks ago he had spoken of the mai 
to that gentleman, who was kind enough to offer to do 
everything in his power to render the visit to the bri 
one of interest and instruction to those professional gen 
man who must take part in the excursion. The 
of the section was instructed to put himself into communi- 
cation with Mr. Grothe upon the ric Mr. James 
Weir then read a paper upon “ Feed-Water bas gg in 
the course of which he described at considerable length 
the system which he has — with great success to a 
large number of steamers built . He mentioned 
various instances in which the consumption of fuel had 
been reduced by from 74 to 10 per cent. by the use of his 
feed-heater, and indicated new arrangements by which he 
confidently expected to increase the economy to 15 per 
cent. A discussion ensued, the being Messrs. 
David Johnston, James Gilchrist, James Davie, William 
Whyte, and the President. A hearty vote of thanks was 
awarded to Mr. Weir for his interesting paper. 

Fairfield Association.—The fifth general ing of 
this association was held on Friday evening, the Presidant, 
Mr. W. M. Ogilvie, in the chair. A paper was read by 
Mr. J. Stewart on “‘ igerators.”’ 

Harbour Piers—A novel form of iron pier, de- 
signed by Mr. Mortimer , O.E., F.B.A.S., | ay 
and erec' by Messrs. Laidlaw, Sons, and Caine, Glas- 


TRY | gow, has just boom oxened ot Onnignssrs, Rothesay. It is 


rovided with Sir William Thomson’s yng be t. The 
Beotch Fishery Board Commissioners are about to con- 
struct a pier in concrete at Burnmouth Harbour, Ber- 
wickshire, from the — of Messrs. D. and T. Steven- 
son, civil engineers, Edinburgh. 





NOTES FROM SOUTH YORKSHIRE. | 
SHEFFIELD, Wednesday. 

The Mill Dam Mining Company.—The annual Cpe 
meeting of the Mill Dam Mining Com: , was held at the 
Cutlers’ Hall, Sheffield, on Thursday last. The directors, 
report for the year recounted vy fully the course of 
business and proceedings at the Mill Dam mine, and of;the 
new mine which has been opened out at Grindlow. At the 
latter mine the first lot of ore has just been got out. 

Whittington and 8 idge Colliery Oompany.—At 
last week’s annual bet this company one of the 
speakers said that the prospectus stated there were 85 acres 
of Silkstone coal, 51 acres of Tupton, 34 acres of Piper's 
coal, and 23 acres of Potter’s seam, whereas on proving the 
survey, after the formation of the company, it was found 
that there were only 61 acres of Silkstone, 33} of Tupton, 
20 of Piper’s, and only 18 of Potter’s. These differences 
represented a quantity of 358,800 tons of coal, which ata 
royalty of 1s. per ton amounted to 17,9007. Other d . 
ing’statements were made, and the meeting, after sitting 
hours, threw out the retiring directors. 

Armour-Plate Manufacture at ey (ru — Messrs. 
Cammell and Company (Limited), Cyclops Works, Sheffield, 
are preparing a special series of steel, and steel and iron 
armour-plates for the Admiralty, and they will be tested 
shortly at Portsmouth or Shoeburyness. 





Nova Scorran TELEGRAPHY.—It is reported at Halifax 





ced 
been reduced, It is 


ment will extend, inasmuch as 


Nova Scotia, that the British Government proposes to lay 
a telegraph cable between that place and Bermuda. 
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HAND-FEED PLANING MACHINE. 

Mr. J. Ricuarps, in his “‘ Operator’s Hand Book,” pub- 
lished in 1873, in the chapter on jobbing and shaping 
machines, makes some remarks upon hand-feeding ma- 
chines which have been singularly exemplified in practice 
since that time. Hand-feeding planing machines even 
at that recent date were as we may say exceptionally 
employed, but now they may be found in nearly every 
wood-working establishment of any size in America, and 
are rapidly coming into use in Europe as well. 

The principal advantage derived from the employment 
of such machines is no doubt their ready adaptability to 
various purposes, a result possible only by avoiding the 
complication and hampering of feed gearing. All feed- 
ing appliances to move lumber continuously under or 
over cutters, must, of course, be arranged to suit some 
particular dimensions, not reckoning the slight irregu- 
larities consequent upon sawing. In other words when 
feeding rollers are employed for wood-planing machines, 
the automatic adjustment or yielding does not generally 
exceed such irregularity as is to be cut away, and, as 
special adjustment of setting is required, as often as the 
dimension of the lumber is changed. 

With machines like the one illustrated—which has 
been designed and constructed by Messrs. Richards, 
London, and Kelley, of Philadelphia—it is different ; 
pieces of any size or shape even can be at once operated 
upon, and as the guiding is performed by hand and is not 
positive as with feed rollers, the speed of feed is re- 
gulated to suit the amount being cut away, or the hard- 
ness of the material. 

The machine shown has two independent tables, one at 
each side of the cutting cylinder, which is mounted 
centrally on the standard. These tables have a com- 
pound adjustment vertically, and to and from the cutters, 
so that the throat or opening between can be made wide 
or narrow as the kind of cutters in use may require. 

Such machines produce true work, and are much em- 
ployed for jointing, the principle on which they operate 
is the same as that of a small machine for jointing 
metal rules or plates, exhibited by Messrs. William Sellers 
and Co. at Philadelphia lastsummer. The gauge or fence 
is pivoted so as to be set for bevel pieces, and the whole 
machine is apparently arranged to be operated with great 
convenience. The machine is altogether a very useful 
one, 








CITADEL SHIPS. 
To THe Epiror or ENGINEERING. 

S1z,—Will you permit me to correct a misapprehension, 
which appears in your interesting article of the 30th ult. on 
the proceedings at the recent meeting of the Institution of 
Naval Architects. 

Speaking of citadel ships, you observe, ‘‘ Mr. Reed con- 
ceded to Mr. Scott priority in point of time for the idea of 
citadels, but Mr. tt, by explaining that his intention 
was to finely subdivide the unarmoured ends into water- 
tight compartments and depend on them for buoyancy and 
stability, instead of on his citadel, showed that he had 
not in reality forestalled Mr. Reed, whose main idea 
centres in the armoured citadel being entirely safe in point 


of buoyancy and stability after the unarmoured ends have 
been riddled or shot away.” On the occasion to which 
you refer, feeling that, however interesting the question 


might be to me, I would not be justified in occupying the 
time of the meeting by enlarging upon a subject of minor 
importance in the estimation of others present, I contented 
myself with a few words. Dissenting from Mr. Reed’s 
statement, that his and my designs were precisely similar, 
I mentioned, as an example of difference, the cellular sys- 
tem which was included in my designs, and not in Mr. 
Reed’s. I then referred those who might desire farther 
information to my papers published in 1870 and 1871, and 
to Mr. Reed’s description of his designs in his evidence 
before the Committee on Designs published in 1872. 
But in order to show that it never was my intention to 
d yaee the unarmoured ends of the ship for buoyanc 
stability, instead of on the citadel, it will be sufficient 
for me to quote what was written by me in 1869, and pub- 
Ber 4 135 | f NH] 

t . vol. ii., of my collected papers, speaking of 
citadel ships, I say, ‘‘ Next, according to the onthes's 
plan, the ends of the vessel would be protected for a con- 
siderable height above the armoured deck by being sub- 
m during action; but if any shot or shell should 

etrate, the structure would be such as to diminish and 

ise the effect, whilst tne dimensions of the central fort 

would be sufficient to secure the stability of the vessel, 
even if her ends should be in ® severe and lon 
continued action.’’ Again, at page 135, I say, ‘‘ Even i 
the top sides of the ship, and the deck tanks (or cells) fore 
and aft the central fort were wrecked, thé vessel’s safet 
would not be compromised.”” Once mure, at page 142, 1 
speak of the citadel, ‘‘ which would of itself insure suffi- 
cient = in the ship, altbough the light plated ends 
were wrecked.”’ 
I may add that the following note, which will be in- 
serted in all subsequent issues of these papers, enumerates 
differences between my designs and Mr. Reed’s, and shows 
that I carried out my plans much further than he did : 

** At the meeting of the Institution of Naval Architects, 


held on the 23rd March, 1877, Mr. E. J. Reed, C.B. 
M.P., ha referred to his and my designs for citadel 
bips, and that they were precisely similar, I think 


it necessary to modify the note at page 145 of the second 
ume of my papers, published by M 


essrs. ans. 
“Since that note was written, my attention has been 
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drawn to Mr. Reed’s evidence given before the ‘Com- 
mittee appointed to examine the designs upon which ships- 
of-war have recently been constructal,’ and published as a 
Blne-Book in 1872, and also to a report made to the same 
Committee (and published at the same time) by the Ad- 
miralty constructors, from which it appears that there are 
important improvements embodied in my designs, described 
in the volume referred to at the top of this page, which 
were not included in Mr. Reed’s designs. 

‘These improvements are as follows: Thecellular system, 
with all its advantages, all-round fire, combined with fire 
from four of the largest guns in line of keel, the guns pro- 
tected by armour; high freeboard ; sail power, without 
the disadvantages of rigging, which was arranged to be 
dismantled before going into action; great fuel-carrying 

wer; the sloping armoured deck protecting the ship 

rom being raked, and strengthening the stem, without in- 
creasing the weight, and excellent accommodation for officers 
and men. 

“It therefore appears that my‘claim to having originated 
the Inflexible type of ships in the British Navy is preferable 
to Mr. Reed’s, whilst so far as other countries are con- 
cerned, for instance in the case of the Italian ironclads 
Duilio and Dandolo, my claim to priority of design is not 
only incontestable, but has been generally acknow edged. 
on See my letter, published in The Engineer for April 28, 

6. 

* With we to the cellular system, as it may be said 
that it is only a modification of the bulkhead system, I 
should explain that, when I designed cells intended to be 
filled with water, I had regard to a principle, which, I 
believe, has not hitherto been acted upon, viz., that the 
disruptive force of the blow of a shot striking a vessel 
containing water is communicated in all directions at the 
rate of nearly 5000 ft. second ; so that if even one of a 
series of spaces divided by bulkheads, and filled wholly or 
partially with water, were struck by a projectile, in all 

robability the whole series would be damaged ; whereas 

y my system of cellular construction, there being spaces 
between the cells, the damage would be confined to those 
cells which were actually struck, and the existence of such 
spaces would afford other emery oe 

I have the honour to be, Sir, 
Your most obedient servant, 
MIcHAEL Scott. 
London, April 3, 1877. 








1|THE INSTITUTION OF CIVIL ENGINEERS, 


To THE Epiror oF ENGINEERING. 

Srr,—I must apologise for again writing to you on the 
subject of the proposed new class in the Institution of 
Civil Engineers, but I cannot help expressing my regret, 
and I am sure all classes in the Institution will agree with 
me, that so many gentlemen should think it advisable to 


write to you complaining of their lot ; it certainly is not 
good po icy for those not in power to complain of the 
action of the governing body inthe public press. If they 


wish their wrongs redressed, the proper way is to put their 
case before the Council and not to hold the Institution up 
to the scorn of the public. It is a totally different matter 
to discuss the position of the Institution in the es; the 
opinions of many that by no other means would be heard 
is thus obtained, and must be of use to the Council in de- 
ciding on what'action it is desirable to take. 
I am, Sir, yours truly, 
April 3, 1877. ** ORIGINAL CHARTER.” 
To THe Epiror oF ENGINEERING. 

Srr,—With reference to the Lg my alteration in the 
classification of ineers, I thi e following point has 
not been mentioned. 

The title of “‘ Civil” ineer was originally adopted to 
distinguish the members of the Institution from ‘‘ Military’ 
engineers, and the Society included engineer® who prac- 
tised all branches of the _o. 

Being therefore an ‘‘ Institute of Engineers,’’ I main- 
tain that all members of the profession, of the requisite 











age, and who have held responsible positions for five years, 
can claim full membership. It is true the decision rests 
with the Council, but as the present professional Associates 
are in the majority, the remedy is in their own hands, for 
they can control the nomination of Council. 

There are many leading ‘*‘ Members’’ who are not jealous 
of an influx of new blood, and who condemn this gross act 
of ‘‘ trades unionism”’ on the part of the Council. 

I am, Sir, yours obediently, 
ENGINEER. 








PERKINS’ ENGINES AND BOILERS. 
To THE EDITOR OF ENGINEERING. 

Str, —As during the last few months I have taken some 
notice of Mr. Perkins’ engines and boilers, and was present 
at the meeting of the United Service Institution, at which 
@ paper was read on the above, will you allow me (in case 
Mr. Perkins does not himself make any corrections) to 
point out one or two inaccuracies in your criticism on the 


said — P 

The duty of evaporation stated on the diagram was not 
14.07 lb., but 10:41b., calculated, as I understood, from 
the diagram ; no doubt this was a clerical error, but rather 
an important one. 

It was also incorrect to name the title as referring to 
‘* raising steam,’’ instead of for ‘‘ working steam engines,”’ 
which includes both boilers and engines. 

The experience given by Mr. Parker of the working of 
boilers, in which the water is small in quantity and con- 
fined inside tubes with deficient circulation, is of great 
importance per se; but I think such experience was not 
in any way condemnatory of Mr. Perkins, unless Mr. 
Parker showed, which he did not, that the causes of failure 
in the boilers he referred to exist in the boilers of Mr. 
Perkins. 

_ One thing is quite certain, that any further important 
increase in steam economy must be converted with greatly 
increased pressure, and this appears to favour boilers in 
which, like Mr. Perkins’, the strength is excessive in pro- 
portion to the working pressure, and in which explosions 
would result in a minimum of destruction. 

I am, Sir, yours truly, 
J. Frep. SPENCER. 
28, Great George-street, Westminster, March 5, 1877. 





_ Water Suppty or Bompay.—Works for improving and 
increasing the water supply of Bombay are now being car- 
ried on at Toolsee, about 20 miles from that city. The 
works are being pushed on with ener; About 2000 men 
and women are now employed upon them, and the number 
will shortly be raised to 5000. The coolies are paid four 
annas day and the women twoannas per day. Messrs. 
Scott, McClelland, and Co. are the contractors, Mr. Camp- 
bell representing the firm at Toolsee. Besides the works 
on hand at Toolsee itself, a main some 20 miles long has 
to be laid between Toolsee and Bombay. 


Roaps v. Rartways.—Mr. Mais, engineer-in-chief of 
South Australia, observes upon the question of roads v. 
railways: ‘‘ The large and rapidly increasing area of 
land under cultivation, but not provided with the means 
of communication, renders it imperatively necessary to 
consider some scheme by which means of transit may be 
afforded to those living at a distance from the coast. A 
reference to the report of the Railway Commission will show 
that 1960 miles of main roads are still unmade in South 
Australia; to construct these roads at 10001. per mile 
(a low average) would cost 1,960,000. To maintain and kee 
all the roads when le in repair would cost 279,000/. 
per annum (2790 miles at 100l. per mile), a sum which, if 
capitalised at 5 per cent., would represent 5,580,0001., 
sulfcient to construct nearly 1000 miles of railway at 
60001. per mile. ing these figures as a basis, it seems 
unquestionable that the best means of opening up the 
areas now under cultivation would be railways rather than 
roads, as not only a quicker mode of transit, but really 
cheaper in the end.” 
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EARTHWORK QUANTITIES IN SIDELONG 
GROUND. 


To THE EpIToR oF ENGINEERING. 
S1z,— Having read with some interest the discussion in 
your open column on the above subject, I beg to send youa 
short account of the means which I have adopted both for 
roaghing ont quantities for preliminary estimates, and for 
taking them out more carefully for contract work in side- 
long ground. For the last few years I have been ° 
upon trial surveys and estimates, with a view to : 
the best route by which to pierce the main dividing — 
of the southern portion of this colony, and to connect the 
River Murray with Port Adelaide, and in many places the 
country traversed was so rough as to necessitate the side- 
long nature of the ground being taken into account even in 
the first approximate estimates. In the preliminary surveys 
the angle of sidelong (@ on diagram) was taken at every 








chain by means of a clinometer placed on a ing rod, 
which was laid on the ground at right angles to the centre 
line of the railway. The earthwork quantities were cal- 
culated in the ordinary way from Bidder’s Tables, which 
are worked out from the prismoidal formula, and conse- 
quently give an absolutely true result on the supposition 
that the ground is level transversely. It remained to 
ascertain —_ a“ aes a ry d _ caused by the 
varying sidelong of the ground, and for this purpose I con- 
vanaiel a —_ — gave prot rec = without * 
necessity of plotting cross-sections. the diagram, i 

w be the: half width of formation, dthe depth of cutting on 
the centre line, ? the angle of the side slopes with the 
vertical, so that tan.  (=s) is the ratio of the slope, and 
6 the sidelong inclination of the ground to the horizontal, 
thenG HI Cis the cross-section corresponding with the 
quantities as given by Bidder’s Tables, and F HI B that 
actually existing. If GC be drawn horizontally through 
the ground level on the centre line, and © A be drawn 
one to HG, then the triangle A BC is the area by 
which the actual cross-secfion exceeds what it would be ona 
level cross-section. It we call this excess area E, we'shall find 


by calculation that é =M. cosec. 29—N, where 


mot 2 Q+cosec. 2 2 
“it (w+d. s)? 


2 
N="(o+d- 8)? sin. 29 
It will be seen that the first part of the value of i 


varies with the angle of sidelong, while the second part is 
a constant deduction so long as the depth at centre, forma- 
tion width, and slopes remain constant. Thus, for a con- 
stant formation width and angle of side slope, such as may 
be adopted in most preliminary surveys, it was no difficult 


matter to calculate the value of x for values of d increas- 


ing by 1 ft. from 0 ft. to 55ft , and for values of 4, increas- 
ing by 2deg. from Odeg. to 46deg., and by a table of 
inverse numbers the values of E in square feet were found 
and in a tabular form. The quantities in any 
cutting having been taken in the ordinary way from Bidder’s 
Tables, the excess areas of the several cross-sections were 
ascertained by inspection of the table, summed and multi- 
plied by the distance apart at which they were taken, and 
the result was the amount to be added to the former 
quantities to allow for the excess caused by the sidelong. 
The ay pes is very rapid and possesses the advan 
(which is considerable in rough country) that the bulk of 
the quantities is taken out by the prismoidal formula, 
which is not the case when the ordinary but laborious 
plan is followed of plotting all the cross sections and as- 
omuing that each applies to a length of one chain of the 
ine. 

In taking ont contract quantities from cross-sections, I 
equalise the rugged surface of the cross-sections with the 
parallel ruler, and scale off the excess areas ABC only, 
the remaining quantities, as in the former case, being 
taken out by Bidder’s Tables from the longitudinal section, 
and the figured depths at each chain peg. By this means 
the errors incidental to scaling and to the non-use of the 
prismoidal formula are confined to the small triangle A B C, 
the portion FHICA being ascertained with absolute 
correctness. 

I have, &c., 


; : Watrer Rott. 
Engineer-in-Chief’s Office, Adelaide, S. Australia, 
January 12, 1877. 





and 





PERMANENT WAY. 
To THe Eprror or ENGINEERING. 

Sir, — Having read in your number of March 2nd 
Mr. James Livesey’s letter on the subject of permanent 
way, in which he refers rather favourably to an improved 
section of rail and longitudinal timber road desi by 
me, I shall be glad if you will afford me space to describe 
m 9 state what I believe to be the advantages 


which it possesses over the t arrangement of perma- 
nent way on our English railways. 





In another part of his letter Mr. Livesey speaks of the 
destruction caused by the constant hammering of the rails 
on the cast-iron chairs or ‘‘ anvils,’’ as he terms them, and 
it is scarcely necessary for me to say anything more on that 
point, because it must be patent to every unprejudiced per- 
son that such an arrangement must be very injurious, as 
well as being mechani defective ; and is one that, it 
seems to me, could hardly be defended upon any 4 

I wish more i ly to direct ai to the 
needless multiplicity of parts and the want of mechanical 
cohesion which the prevailing system of road exhibits. 

In the first place, there are in one mile of single line 
3520.cast-iron chairs on which the rails rest at intervals of 
three feet, causing noise and rigidity, as well as the inden- 
tation of the underhead referred to by Mr. Livesey and 
your other correspondent “‘P.A.M.’’ Then, these iron 
chairs require 7040 iron spikes and 3520 wood ils to 
fasten them to the sleepers ; nor does the complication end 
there, as 3520 wood keys are needed to secure the rails in 
the chairs—to which must be added, say, 1006 fishplates 
and 2012 fishbolts—so that, including sleepers and rails, 
there is an average of 22,874 parts in a single mile of road, 
any one of which becoming loose may cause an accident ; 
and it is well known to those in charge of the roads that 
these fastenings are a ee loose, and that 
they require the constant care attention of a gang of 
men for every two miles of road to keep them in place. 

It will therefore be understood that the safety of the 


over these lines depends more upon the’ 


public travellin; c ] 
care and watchf ulness of the men in charge of it on 
the sound construction of the road itself. 

rtion of the 


numerous accidents of trains the or 
‘‘leaving the metals” are due to the defective state of the 
permanent way, although the veritable and primary cause 
is very seldom fairly ascertained inasmuch as when the 
line is blocked by an accident, it has at once to be made 

and fit for a resumption of the traffic, so that the 
inspection by the Government officers, after the is 
reparied, becomes rather a difficult matter, and the result 
of the inquiry is not always convincing. 


There can be no doubt that a great 








onl 
ll 


The magnitude of the interests involved in this one item 
of permanent way can hardly be conceived by those who 
have not studied the Board of Trade reports, and the other 
published statistics of our railways. ; ; 

Leaving out of question the compensation paid for the 
accidents referred to, which amounts to a very large sum 
it appears that to maintain in, working order the 16,658 
miles of road now open in the United » costs the 
companies no less a sum than 6,542,6701. per annum, or at 


Wieett Dae 
| 












the rate of 3921. per mile for repairs and maintenance of 


the permanent 

I am prepared to prove that the road which I am now 
about to describe, would not be much safer in working 
(which is the chief point) as less destructive to the 
rolling stock, but t it would be less expensive in the 
first instance, and could be maintained at less than half the 
cost of the mt system of iron chair road—thereby 
8a something like or three millions a year. 

I to the accom: ing illustrations — Fig. 1 
being the general cross section, Fig. 2 the section ‘at the rail 
oe Fig. 3 a plan at the joint—it will be seen that I 


ve a rail of peculiar construction which gives the 
advantage, for its weight, rlpincsg | ace calete ee 
strength, and width of base,—a rail of 80 lb. per yard 
berm! bearing of 8 in. continuous on the longitudi 
imbers. 


The longitudinals are laid on cross bearers 3 ft. apart, 
and the same secures both the rail to the longi- 
tudinal, and the tudinal to the cross-ties. Coach 
screws are shown in the sketch, but it is obvious that - 
bolts or any other suitable fastenings may be used. 
for example, Mr. Newman’s special form of spike described 
in — gd of the 16th February. 

he 4-shaped hollow in the rail is filled with wood, 
-— at the joints, where I use a piece of wrought iron 
of the same section with a plate underneath to prevent it 
sinking into the timber. 
sail and vesting wien ton Yengieetaesl orgie ie @ heehee 

upon the longi! eeper is a 

of + importance, as by its means the rail has a solid 
and equal bearing its whole width, and the load is thereby 
borne on a greater breadth of ‘ace. 

It will be seen by the following comparative Table that 
I have less than half the number of parts, viz., 11,186 as 
against 22,874 in one single mile of road. 


Present Chair Road. Seaton’s Improved System. 
1,760 cross sleepers. 1,760 cross-ties. 
3,520 iron chairs. 440 longitudinals. 
7,040 iron spikes 440 wood V-pieces. 
3,5 502 iron joint pieces. 
1,004 fish-plates. 502 —,,~—Csép dates. 
2,008 fish-bolts. 7,040 coach screws. 
3,520 wood keys. —- 
— 11,186 total number of parts. 
22,874 total number of parts. 





This is a great reform, if my road is good in other 
respects, because it has been authoritatively stated that the 
numerous and (as I say) needless parts now in vogue, 
such as chairs, w ys, trenails, fish-plates, &c., cost 
more to look after and in renewals during seven years than 
the original cost of the road, rails included, and this is fully 
borne out a A myn ane I have quoted. 

As regards the correctness in principle of the longitudinal 

ings, 4 see by peed = a rail continuousl, 
suppo: roughout i must possess more 
than one supported for a few inches only at intervals of 
3 ft. on iron chairs. It will also be understood that a train 
wouldrun much more smoothly, with less noise, and with 
less dirt and dust over such a road. 

There has been evidence of this on the Charing Cross to 
Cannon-street Railway, where a longitudinal tinber over 
cross-ties road has been down for over seven years, and 
although about 430 quick passenger trains travel over it 
“a. ere has not been a case of a train leaving the road. 

* The rails exhibit very little sign of wear, whilst the rails 
(steel) laid in chairs on the same road ata few points along 
ponding ange hagis a _ Tam — bbe fod two 
years, owing eir ming so much inden con- 
stant ering on the chairs. 

I only refer to this road because it seems to point to the 
correctness in en ge ge of a longitudinal or continuous 
timber bearing laid on timber cross-ties. 

There are grave objections in practice to the construction 
of the rail in this particular case, but which cannot be 
urged against the rail I advocate; and I think it will be 
admitted that a self-contained rail of ,the section, shown 
must possess vantages, in strength, sim- 
plicity, economy of cost, and facility for repairs, over a 
compound rail such as that which has been in use on the 
Charing Cross and Cannon-street line, formed of three 
pieces and reqniving a large number of fastenings. 

To sum up what I conceive to be the advantages attend- 
ing the adoption of a of permanent way. 

. The rail is sup throughout by a solid and con- 
tinuous bearing of timber having a bearing surface on the 
ballast of 10in. in width, with the additional bearing from 
the 9 ft. ee | cross-ties. 

2. The has a firm surface bearing on the timber of 
96 ese aioe lineal foot, the pressure being uni- 
form. ST ge 

3. rail and sleeper are less liable to decay and injury 
than the present s with iron chairs, the longitadinal 
plank not having the same injurious effect upon 
sleepers that the iron chairs have. 

4. The number of ae is reduced toa minimum, and 
such fastenings as there are not likely to become loose ; 
there being no tendency in the rail to leave its bed or 
"" teas both of first cost, and i of sub- 

; momy, ; especiall 
sequent wares Boer due to the saving in iron p ok, and 
the numerous expensive fastenings. 

*I may here state that the Great Western Railway 
Company have been in the habit of using longitudinals of 
a very expensive character (14 in. by 7 in. baulks), but in 
my system ordinary planks can be laid on the existing cross 


+ The fastenings neat 50 ae 





rapidly and 





tely of "ania 
accura means vi 
carried on a truck to run on the rails. 


boring tool, 
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In order that I not be charged with making 
ex! ted pw The 4 I would say to those interest 


ledging the serious effects produced by indentation on the 
double or bull-head rails contact with chair seats, and 





that I am prepared to make pood ese statements, by 

ing to put down a mile of road on any railway with- 

out ¢ ing for it, until the result of twelve months’ 
working has sufficiently demonstrated the facts. 

In concluding this letter, I may very pertinently refer to 


the t improvements that have of late years been 
off in the paving of our streets, due principally to the 
a loption of asphalte and wood paving in place of stone blocks. 


Look, for example, at the Strand, and in front of the 
Mansion House, in Cornhill, Lombard-street, and other of 
our t thoroughfares; formerly, the noise was in- 
tolerable, and one could hardly move along or cross the 
roadway without being splas from head to foot with 
mud and dirt by passing vehicles. Thatis now all changed 
to the great advantage and satisfaction of everybody, and 
it may reasonably be asked, why should not our railways 
keep pace with the of improvement and the require- 
ments of the instead of ing a system of per- 
manent way which is not only a fruitful source of accidents, 
but also most troublesome and costly in maintenance ? 

No doubt it will require a considerable of courage 
to give up a system of permanent way that been in use 
for a period of thirty years, but if so much benefit has 
been derived from a similar anne in the case of our 
streets and roadways, after a period of hundreds of years, 
that is a very strong argument in favour of a better and 
cheaper system of permanent way being introduced on our 
railways. The time has come when some change is im- 

tively called for, and I think the improvement will be 
ound in the direction I have indicated. 
I am, Sir, your obedient servant, 
London. 


WILLIAM SEATON. 
HARVEY AND ROE’S PERMANENT WAY. 
To THe Epiror or ENGINEERING. 

Srr,—In your issue of March 2, we observe two letters 
bearing more or less on our permanent way, and are glad 
to find engineers confessing that the present system of rail 
fastenings is not quite what it ought to be. 

We can readily answer the queries suggested by the 
latter part of ‘‘ P. A. M.’s’’ letter. He seems doubtful as to 
the weight and cost of our system as compared with the pre- 
sent, and considers that our arrangement lacks simplicity. 

Dealing first of all with the joint, the following Table 
gives the number of parts and approximate weight of each, 
and shows that our joint has an advan over the ordi- 
nary one, both in weight and simplicity of parts. 








Cntinare plates. Narrow) Fish Girder Joint. 
Number 1. 4 Number Approx. 
of Parts. a ht. jof Parts. ei - 
. | . 
2 fishplates 22 | 2Qfishgirders .. 46 
4 fish bolts 5 | 2 fishbolts 3 
2 chairs ... oo» 90 2sole plates .. 25 
2 wooden keys... 2 2connecting bolts 2 
10 pieces ... . 119 | = 8 pieces ... . 76 


If, however, chairs of half a hundred weight each (which 
is below the weight sometimes used) and deep fishplates 
were used, the comparative weights would be roughly: 





Two chairs (castiron) ... 112 
Two fishplates (wrought iron) 50 
162 


Against steel or wrought iron, 70 Ib. to 76 lb. 

From the above it will be apparent, that both as regards 
weight and number of parts, our a joint has a con- 
siderable oe over any of the joints now in use; 
the weight being only about one-half, and number of 
four-fifths of the ordinary gee ry while we contend that 
our joint is as strong as “7 of the road, a result which 
is admittedly not secured by the existing arrangements. 

Let us now consider the chair: here we admit that there 
are more parts than in the ordinary mass of cast iron and 
block of wood, ibut as com with other forms of chairs 
which have from time to time been devised for dispensing 
with the troublesome and time-honoured wooden key, com- 
plication cannot be urged against us. Take for example 
a bracket suspending chair in every-day use. In this, 
there are the same number of parts as in ours, but this 
form has the disadvantage of each chair requiring a hole 
in the rail for the bolt connecting the two sides to pass 
through ; and after all this bolt not in practice pre- 
vent the spreading of the chair at its base, thus causing 
it to bear fon the heels of the brackets, which soon 
sink into the timber, till the bottom table of the rail rests 
on the cee. In the self-tightening chair, this spread 
is prevented by a tie ~ with turned up ends, to receive 
the outward thrust of the two sides, and the force tending 
to spread the chair at its base is turned into useful ac- 
count by causing the upper portion to tighten on the rail 
by the train’s weight ; any tendency to « out being over- 
come by connecting the imner side of the chair to the tie 
plate, and as this ay, being cambered becomes in effect a 
spring, there is little danger of anything working loose. 
In the later forms of chair, we do not use a screwed bolt 
at all for this purpose, ‘but an I-head bolt, that is inserted 
after the tie plate is sprung up and in such a way that it 
Saectengenet h h ald be rough! 

e com tive weights in each case wo roughly, 
Ordinary chair and key, say, 46 Ib. . 
Suspending self-tightening chair, say, 32 lb. 

This reduction in weight, with the advantage of 
suspending the rail, in a chair having bearing sur- 
face on the sleeper, and secured to the rail in such a way 
that it cannot get loose, more than compensates for the two 
Ee ee chair and key. 

With regard to the remarks of Mr. Livesey, there is no 
doubt that most engineers will agree with him in acknow- 





we think with him, that it is at least doubtful whether the 
bull-head rail is a change for the better. It _—— 
that there is no better rail for sustaining heavy ic than 
the double head, it is properly treated when in 
use, by keeping the lower table free from injury during the 
wear of the first head ; and it certainly appears to us that 
it is not the form of rail that wunbyrohanguaty so much as 
its connexion to the * 

It is supposed that in the bull-head rail an amount of 
wear equal to that of the double-headed section will be 
got out of one table instead of two; but the fact that a 
considerable difference exists in the wearing qualities of 
rails, made under practically the same conditions, is an 
argument in favour of a double-head rail as 
against the bull-head, the unevenness of wear being distri- 
buted over two surfaces ins of one, and in the event of 
reversal or renewal, any step occurring between adjacent 
rails will be reduced to one-half of what it would be with 
the bull-head section, assuming this form of rail to be 
thoroughly worn down ; we cannot, however, help —— 
that the unequal wearing qualities of adjacent rails 
produce serious inconvenience, long before the expected 
wear has been got out of the one table of the bull-head type. 

In the foregoing remarks we have not alluded to the 
saving in maintenance, which we believe our system would 
insure, or to the facilities afforded for the reversing and 
renewing of rails. 

We are, Sir, yours faithfully, 

Dowlais. HARVEY AND Ror. 








FOREIGN AND COLONIAL NOTES. 

New Zealand Railways.—A line between Mercer and 
Ugaruawakia has reached such an advanced stage that an 
engine and ballast trucks have been enabled to run from 
the latter place to Mercer. A large tract of country will 
thus soon have the benefit of — communication with 
Auckland. A line to Inglewood is to be pushed on, and 
may possibly be finished before next winter. 


Marietta and Cincinnati Railroad.—In 1876, the Ma- 
rietta and Cincinnati Railroad Company laid down 1170 tons 
of iron and steel rails, and built eight new bridges. Two 
iron bridges were built, side by side, at the crossing of 
Spring Grove Avenue, Cincinnati, to supply the place of 
two others thrown down in January, 1876, by an accident 
caused by the breaking of the driving axles of an engine 
nese. New masonry was also erected at a cost of 
28, ols. 


Great Northern Telegraph Company.—The number of 
telegrams forwarded by the Great Northern Telegraph 
Company in the first two months of this year was 97,796, 
as compared with 85,377 in the corresponding iod of 
1876. ‘The revenue acquired by the company to Februa 
28 this year was 25,463). as compared with 23,1371. in the 
corresponding two months of 1876. 


Victorian Railways.—Mr. Meikle, superintendent of 
the locomotive department of the Victorian Government 
lines, has tendered his resignation to the Victorian Minister 
of Railways. Mr. Meikle completed the term of ser- 
vice which entitles him to retiring compensation, and he is 
desirous of returning to England. 


Italian Railways.—A pro has been made for the 
construction of a new line between Rome and Naples. 
Should this line be carried out, a journey from Rome to 
Naples will occupy only 3} hours. The projected line has 
et ag the approval of the municipalities of Rome and 

aples. 


Steel-Headed Roils.—Some steel-headed rails were laid 
down upon the East Bavarian Railway in 1869 at places 
where the gradients are 1 in 100 and the curves of 14} chains 
to 26 chains radius. The percentage of renewals to the close 
of 1872 was as follows: 1869, 0.60 per cent. ; 1870, 0.00 per 
cent.; 1871, 2.65 per cent.; 1872, 0.00 per eent. ; total, 
3.25 per cent. A similar calculation applied to steel- 
headed rails laid down on the Bavarian State Railways 
shows renewals to the extent of 2.23 per cent. 


The American Iron Trade.—Several of the mills in the 
neighbourhood of Philadelphia, have received some consi- 
derable orders for bridge iron, others for plates, tank iron, 
&c. One lot of 3000 tons of bridge iron been sold on 
Canadian account. Another firm has secured a contract 
for 1000 tons of ship plates from Messrs. Roach and Son, 
of West Chester. 


Austrian Coal.—The production of coal in Austria in 
1875 is officially estimated at 4,549,000 tons, or 78,000 tons 
more than in 1874. The value of the coal raised in Austria 
in 1875 is computed at 1,792,800. Considerable quantities 
of lignites are also made available for consumption every 
year in Austria. 

San Francisco.—San Francisco is to have an elevated 
prismoidal railway shortly ; at any rate preliminary mea- 
sures have been taken with this object. 





ON PUDDLING IN ORDINARY AND 
ROTARY FURNACES.* 
By Mr. Henry Krex, Workington. 

THE only portion of the paper I read at Leeds to which 
_—— was taken, was that referring to the reports of 
the Commissioners who went out to America to examine 
the working of the Danks furnaces. I freely admit that 
those reports have been of t service to me, but am not 
ay on — account to re the fact — certain im- 
portant points were in making the experiments 
which vitiated the considerably, and these points I 
endeavoured to bring out, in the Lope that the Insti- 

* Supplemen’ read before the Iron and Steel 
Institute, Mareb, 1877 





ry | another of the Commissioners has since publicl 





tute or the trade might be induced to take up the subject 
again, and by a fresh trial obtain such additional informa- 
tion as should help on the success of rotary puddling, so 
that it might be assured before the next period of high 
prices and great demand comes round, when the whole of 
the | weep in existence are not likely to be able to make 
nearly as much iron as will be required, for puddlers are 
not too plentiful even now. 

Mr. Snelus, in the scientific features of the Danks pro- 
cess, propounded the theory that the silicon and phos- 
phorus in the pig iron were oxidised by the fettling em- 
ployed, and removed into the cinder. This was further 
illustrated in a balance sheet, a copy of which is presented 
on Table A, representing the work done by one furnace in 
five consecutive turns, and giving the weight of everything 
into and out of the furnace except coal. When a theory 
comes out which will stand the test of such a balance 
sheet, all the materials being actually weighed into and out 
of the furnace, then we shall have made substantial pro- 

ss in the science of puddling (for, after all, there either 
is or ought to be such a science) ; and it is highly probable 
that if the science were thoroughly =aaeell both the art 
and the labour of puddling would be vastly diminished, and 
ae difficulties which appear to be merely mechanical 
would be removed. 

As the balance-sheet afforded a means of testing the 
theory, I readily availed myself of the opportunity, but in 
endeavouring to trace the phosphorus and silicon in the 
cinder, according to the analyses and the weights given, 
serious discrepancies were met with. The position 1 took 
up was, that whatever phosphorus was removed in cinder, 
must be removed in the refuse cinder, or the cinder not 
used over again in puddling, and, as shown in the paper, 
only 228.387 Ib. of ey egrns acid appeared in the refuse 
cinder, according to the analyses and weights, against 
494 Ib. put down upon the balance-sheet as having passed 
into the cinder, the deficiency being 2661b., or nearly 54 
per cent. Turning tothe silicon, a similar deficiency ap- 
— only 47.3 of it being found in the cinder. A calcu- 
tion was then made of the quantity of cinder of the com- 
ven in the report necessary to carry off the 494 Ib. 
of ph oric acid, and it was found to be as much as 
would have required the use of l4cwt. 2qrs. 221b. of 
fettling to the ton of puddled bars made, while there was 
an admitted wong d of only 5 cwts. 2 qrs. 61b. of fettling 
proper, or adding the quantity of squeezer and roll-cinder 
used above what was made from that furnace during the 
five shifts, 8 cwt. 3qrs. 10 lb. to the ton of puddled bars, 
leaving 5 cwts. 3 qrs. 12 lb. of fettling per ton of puddled 
bars to be accounted for, ‘according to the theory, the 
analyses, and the weights given.,. 

It appears to me a question of facts versus theory. Mr. 
Snelus, at Leeds, affirmed most emphatically that the 
statements made by the Commissioners were absolutely 
true so far as the facts themselves were concerned ; -_ 
stati 
(alluding to my expression that the reports of the Com- 
missioners were of a glowing description) that ‘‘ if the re- 
ports glowed, they glowed with truth.’”” There was no in- 
tention of denying their truth in any way; but it is plain 
that if they are true, then the theor id down in the 
‘* Scientific Features,’’ and confirmed by the appearance of 
the whole of the phosphorus and silicon in the cinder on 
the balance-sheet, there calculated to have been removed 
from the iron, wants reconsideration, the deficiency being 
too great to be explained by the statement of Mr. Snelus, 
** that it was possible that there might have been a little of 
the phosphorus going away with the hydrogen from the 
water decomposed.”’ 

Mr. Snelus, at Leeds, gave a very short and simple cal- 
culation intended to show that the bulk of the phosphorus 
had passed into the cinder. 


position 








Cinder used. Cinder made 
Lb. P,0, PF,0; Lb. P, O; P, O; 
7997 <1 per cent.= 79.97 9957 x 4 per cent. =398.28 
From P in pig... 494.. P in puddle bar ... 90. 
573.97 488.28 
Showing a deficiency of ... ‘ 85.69 


This calculation, however, appears to me imperfect in 
several important respects. 1. It is uncertain from what 
kind of fettling and iron the 7997 lb. of cinder used was 
derived, and, therefore, difficult to estimate its composi- 
tion correctly. 2. The 1 per cent. of phosphoric acid at- 
tached to this cinder should have been, according to the 
‘Scientific Features,’’ 1.04 of phosphorus, which is equal 
to 2.382 of phosphoric acid. 3. The phosphoric acid from 
the pig is 9 lb. too much. 

Heats P, O;. Total P, O;- 


17 Derbyshire ... 11.066=188.112 
1 Coneygree ... — 5.030 
7 Crystal 24.550=171.850 
8 Cleveland 13.284= 106.272 
3 Bar pig 4.631= 13.893 





485.157 
leaving out the phosphorus in the puddled bar and 155 |b. 
too little, including the whole of the phosphorus in the 
puddled ber, that is, in the cinder and im the iron of the 
puddled bar. 








P. in Total 
the Phosphorus 
Heats. Pig. in 
17 Derbyshire ... 6.240 = 106. 
1 Coney _ 3.918 
7 13.056 = 91.372 
8 Cleveland 8.964 = 71.712 
3 Bar pig 3.402 = 10.206 
618.97 phosphoric acid 
ual to .87 phosphoric acid. 
i ove . from the balance 
sheet. 
154.87 
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4. The 9957 1b. of cinder made comprises 5637 lb. of tap | per cent. of the weight of puddled bar made, and it is | assumption that all the chemical reactions were absolutely 
cinder or refuse cinder, an Ib. of squeezer cinder or y more than this. ‘ect, ich, however, was not the case, for there is 


The composition of the two would be 
5. The 4320 Ib. puddling cinder made, 
either was, or ought to have been, put back into the fur- 
nace to obtain the most correct results possible with the 
materials available, but if it was so put back why is it set 
down at 4 per cent. on the credit side of the account, and 
1 per cent. on the debit side? 6. The phosphoric acid from 
the puddled bar should have been 163.342 lb. instead of 
90 Ib 





17 Derbyshire 1.408=23.936 
1 Coneygree _ 1.722 
7 Crysta: 2.328=16.296 
8 Cleveland 3.164=25.312 
3 Bar pig 1.380= 4.440 

71.406 


Phosphorus equal to 163.342 Ib. of phosphoric acid. 

I expressed an opinion in the Leeds paper that the 
American squeezer cinder, with 1.04 of phosphorus, was 
probably a mixture of the Commissioners’ cinder with that 
from the other furnaces fettled with Iron Mountain ore, 
and, perhaps, working superior pig also, but subsequent 
experiments have been such as to show the possibility of a 
doubt whether the cinder was not entirely, or very nearly 
so, from the other furnaces not under the care of the Com- 
missioners. I have never, to my knowledge, met with any 
reliable analysis of puddling cinder from heats of full 
weight so low in phosphorus as the above, except from the 

uddling of hematite pigs with the very best hematite ore 
for fettlmg. I have recently visited Low Moor, Kirkstall, 
and Round Oak, as being three of the works where the 
best iron in the kingdom is worked, and have obtained 
samples of the puddling cinder from each, but not one of 
them is so low in phosphorus as 1.04 or 2.382 of phosphoric 
acid. I have onid reliable analysis, because, unfortunately, 
many analyses of phosphorus are not so. It isnot pleasant 
to have to find fault, but it fs sometimes useful. At the 
Leeds meeting, Mr. Riley called attention to the insufficient 
quantity of phosphorus frequently returned in analyses of 
hematite pig iron, and since then the evil has been greatly 
lessened. I have several times been misled by* incorrect 
analyses of cinder in respect to phosphorus, and shall be 
glad if the statement of this fact tends to spare any one 
else the same annoyance. 

Ido not wish to weary the members with many of the 
calculations made with the object of throwing some light 
upon the subject under discussion ; but after all, I can only 
account for the difference between Mr. Snelus’s deficiency 
of phosphorus and mine upon the supposition that by some 
means or other the whole or very nearly the whole of the 
cinder used in No. 4 furnace during the five consecutive 
shifts was from the other furnaces not under the care of 
the Commissioners. This might easily happen by two of 
the other furnaces drawing their heats before this particular 
one, and the cinder being thrown out from the squeezer 
between the heats and taken to the furnace as soon as cold 
enongh to handle. In this case, little or none of its own 
cinder would be returned, and the calculation would show 
a difference of only 111b. between us, and if the American 
cinder had a little less phosphoric acid in the bulk than the 
sample analysed there would be no difference at all. 

Ib. per cent. P, O, 
7997 x 2.882=190.5 9957 x4 per cent.=398.3 
From the pig 485.2 eficiency 277.4 


675.7 675.7 
I took some trouble in the paper to show the effect of usin 
superior cinder, and am sorry to have succeeded so indif- 
ferently that Mr. Snelus came to the conclusion that the 
“elaborate calculations” were undertaken to show the fact 
of the Commissioners using it. 

Thirty years’ experience had taught me that good iron 
and good fettling make good cinder ; and that good cinder, 
when used with an inferior pig, tends to improve the 
quality, increase the yield, and lessen the quantity of 
fettling required. One or more ‘of these results is sure to 
follow if the puddling is done properly, and this was what 
T intended to make plain. It is admitted that at least 
46 = cent. of the cinder the Commissioners used was of a 
highly superior character, and the percentage may, for 
anything which appears to the contrary, have been much 
higher than this. Mr. Snelus told us at Leeds that in 
making the experiments his attention was devoted to three 
points: ‘‘ Whether Mr. Danks could get a good yield of 
iron out of his puddling furnace; whether the iron was 
good j and whether the fettling at our disposal in England 
would answer for these rotative p .”’ But when 
working upon such unsound conditions it was absolutely 
impossible to determine any one of the three points for 
working upon a practical commercial seale. It needs no 
arguments to enforce this view ; ready 
decided it ; for where is there a Danks furnace in this 
country, or any other, making a ton of good puddled bars 
out of 18 ewt. 2 qrs. 25 Ib. of cold pigs of such quality as 
— during the five shifts under notice, with only 54 cwts. 
of fettling containing no more than 54.3 per cent. of iron ? 
pete take Mr. Jones’s estimate, which appears to have 
6 n quite justified by the apparent results in America— 

ewts. Oqrs, 15 Ib. of fettling to the ton, with a total 
— over the ee system of puddling of 5s. 4d. per 

on of puddied bars with cold pigs, or charging molten iron 
~ “y Led ton. 

ur. Snelus said, ‘“‘ There was one point especially upon 
which Mr. Kirk must be in the doa ond that was ow 
ons a! the quantity of cinder that was squeezed out of the 
P e at the squeezer.” The estimate, however, 
was his own, and it included the cinder from the rolls also 
—= loss in reheating as well. In ordi puddling, 

weight of cinder driven out of the puddled ball at t 


occasional. 
Bat the rotary machine rolls the iron and cinder into one 
lump, while a good hand puddler breaks his lumps to 
ieces and opens them out all over the furnace, thereby 
ing a good deal of the cinder before the iron comes to 
the hammer. It is very likely, therefore, that the 120 lb: 
estimated per heat, should have been 150 Ib. at least, 
which would have added 1080 Ib. to the weight out of the 
furnace, although we have far too much already. For to 
revert to the balance sheet again, the weight coming out is 
only 388Ib. less than the weight going in. This is not 
nearly sufficient for the loss of carbonic acid and water in 
the fettling which would evaporate with the heat of the 
furnace.* 
Total 


lb. CO, and water. lb. lb. 

Bilbaoore 3711X16.162 per pom gomy 632 

Marbella ore 1880 2.0 per cent.= 38 

There is further a loss of phosphoric acid 257 
ilicat ... en ad = i oo. 1178 


2062 
. Deducting from this the 388lb. already allowed, there 
is, taking the figures as they stand in the ce sheet, an 


excess of material coming out of the furnace of 1674 lb., 
and if there were, as just surmised, 30 Ib. of squeezer cinder 
per heat more mi accounted for (: Mr. Snelus 
seemed to think his estimate of 60lb. per heat of 650 lb. of 
puddled bar was far too little), there would be an additional 
1080 1b. too much from the 36 heats, ing a total excess 
of material coming out of the furnace of 2754 1b. If no 
more material of any kind was charged than is accounted 
for in the reports (and we are assured that the figures are 
absolutely correct), it would be highly interesting to learn 
whence this immense quantity of matter was derived. 

en in the paper the phosphoric acid found in 
the refuse cinder came out only 16.2 cent. of what it 
should have been, according to the theory, and the silica 
47.3 per cent., I expected these results would have been 
regarded to some extent as proving each other practically. 
Now that the detailed calculations of — from 
the iron are given, and the estimate of 494 1b. of phos- 
phoric acid proves to be 9 lb. too much, we have exactly 
47 per cent. of the phosphorus, so that the calculations 
are brought still nearer than before. 

Is now turn to another phase of the subject alto- 
gether and deal with the oxygen. The data are insufficient, 
and the calculations will n ily be somewhat im- 
perfect, but notwithstanding this, it will be seen that the 
three sets of calculations all indicate a similar deficiency 
of fettling on the balance sheet, that is, sneneine case 


that the theory is correct ; and perhaps before p & 
further, I may be allowed to express a high degree o 
res for the theory in the main. As the carbon 


and silicon, it was first propounded by our worthy Pre- 
sident, Dr. Siemens, in a paper “‘ On Puddling Iron,” read 


that—‘‘ In the Danks furnace, from the position of the 
working door and the nature of the furnace and the lining, 
the whole of the oxygen is obtained from the fettling.’’ 
The oxygen required, taking the res of the balance 
sheet, with a slight correction in the phesphic acid, already 
pointed out, would be : 


Oxy off oe 
gen to carry off carbon as given ... 
Silica given 930 Ib., less silicon 434 Ib. 496 
Oxygen to form a ferrous silicate 
(Si O, 2 Fe O) ... aad ae eee 496 
Phosphoric acid 485 lb., less phosphorus 
212 Ib... * vie aco one 273 
Total eve ove 2993 


And the next question is what quantity of fettling would 
furnish this amount of oxygen? And here it will be 
necessary to work upon the ore only, for although the 
excess cinder was much superior to the ore, it was not 
classed as fettling, and no analysis of it is given 
sufficiently full to deduce therefrom its percentage of 
ox . The Bilbao ore debited was 3711 lb., the Marbella 
1880 Ib., or almost exactly two-thirds and one-third re- 
spectively. The analyses of these ores are to be found on 

and 254 of the “Scientific Features’’ (Institute 
eat vol. i., 1872), and they show, as follows, an 
average percentage of oxygen of 22.48, and of iron of 54.3 : 


Bilbao Ferric oxid Iron. Oxygen. Oxygen. Iron. 
ore— Ferric oxide eS 
72.32 per cent. less } 50,63=21.69 x §$==14.46 ... 23,75 


Marbella ore — Oxides oF e 
BET per cont. leas. } S1-65=24.06x $= 8.02 .. 20.55 
22.48 54.3 


The ity of fettling required to yield the oxygen would 
eaten, pe ? 


Lb. 
Lb. : 
Oxygen. Fettling. 
2992 x 100 +- 22.48 = 13,276 — 10 = 1327 lb. per ton, 
or, 11 cwt. 3 qr. 11 lb. to the ton of puddled bars; on the 


* See analyses pages 253 and 254 Institute Journal, 
vol. i., 1872. 


Per cent. 





nowhere in the report a cinder given nearly so lean as a 
ferrous silicate : that is, 1 of silica to 1.867 of iron. The 
very worst, H,, even if all theinsoluble residue had been 
silica, which it probably was not by several units per 
EY, has 24.77 insoluble residue against 52.37 of iron=1 





to 2.114, while the a’ of the five samples of 
cinder given is, as shown below, 1 of silica to 2.7 of iron: 
Tap Cinders. Silica. Iron. 
Cs 15.75 52.185 
E, 17.57 45.437 
H, 24.77 52.370 
Js 20.47 54.850 
L; 17.29 54.020 
95.87 258.862=2.7 iron. 


There will thus be an excess of iron over the thoretical 
quantity of 775 Ib. : 
Lbs. Excess Iron. 


nea sees ts} 2.7 x 990 silica =2511 
Tron theoretically } 
required to 1 of 
for the sources of which we cannot look to any waste of 
iron, because it is claimed that 18 owt. 2 qrs. 25 lb. of 
ig made a ton of puddled bar; so we must again turn to 
fi , and we find 1427 lb.==1 cwt. 1 qr. 3lb. to the 
ton of puddle bar would be needed : 


775 x 100+-54.3 per cent+-10 tons.= 
1 ewt. 1 qr. 3 lb. to the ton. 

We have next to consider the silica in the fettling, 
amounting to 334lb., and demanding 1 cwt. 1 qr. 261b. of 
fettling to the ton, as below : 

Lb. Silica, 
Bilbao ore . 3711 x 5.054 per cent, = 187.55 
Marbella ore 1880x7.78 per cent.—146:26 


333.81X2.7 iron= 901.3 iron, 
901.3 x 100—54.3=1660+10=166 Ib. 
or lcwt. 1 qr. 26 lb. fettling to the ton. 

There is still the sand of the pigs; the ash from the coal, 

and the melted brick estimated in the former paper at 

432 1b., and absorbing a further 1 cwt. 3 qrs.19lb. of fet- 

tling to the ton : 
(482 x 2.7= 1166.4 x 100+ 54.8=2148+-10—=215 
or 1 ewt. 3 qrs. 19 Ib.) 

or a total amount, on the basis of the oxygen required, in 

uddling, and the iron found in therefuse x being all 

Nerived from the fettling employed, of 16 cwt. 2 qrs. 3 ib. 
to the tun of puddled bars produced, say : G 

Cwt. qr. lb- 


Fettling to furnish the oxygen theoretically re- ' : 
qui ‘aa ods Roe ae Aa » 11 3 
Fettling to furnish the excess percentage of 


\ 967. 930 silica =1736. 


iron 


before the British Association at Norwich, in 1868.| jintherefusecinder  .. .. «. ow 1 1 9 

Nothing preceding this paper had put the matter in so | Fettling required to yield the iron for combining 

clear . light, ae Oe eory was ® the eo the silica in the ore Be oon rea Ae ph oe 

sistent with practical experience. To discard this portion | Fettling required to yield the iron for combini 

of the theory laid down in the “Scientific Features,” | with the silica in the sand on the pigs, the ast 

because the Commissioners’ figures do not happen to} from the coal, and the melted bri ad 1319 

accord with it, would be to throw away the best part of RSS ae 

what little arkeotie pe eg ¢ ee we are ye 1462 3 

in possession of. Some other solution of the enigma must, We have thus nearly 2 cwt. more fettling to the to 

therefore, be looked for. : : y f r pre 
In the “Scientific Features,” page 248, we are told this basis than was shown in the first paper by the calou- 


lations as to phosphorus and silicon. This arises from 
fettlin echially used being better in quality than that pro- 
f —* ae 7 The 46 ray Bnd hay A a 
pro. m) Of superior cinder employ: con * 
cent. more iron n the fettling proper would, if thee 
had been sufficient data to admit of its being brought into 
the calculation, have diminished the 16 ewt. 2 qr. 3lb.con- 
siderably. But in whatever aspect the matter is viewed 
there is still, according to the theory, the analyses, and 
the ;weights given in ‘* Scientific Features,’ a defi- 
ciency of material going into the furnace of about 5} ewt. 
to the ton of puddled bars made. If this was not fettling, 
what was it? Should the theory be abandoned in part, 
and the atmosphere be regarded as the source of a portion 
of the oxygen needed, it must be remembered that this 
oxygen would add weight, but there is then the awkward 
fact confronting us, that free oxygen has not yet been 
found to eliminate phosphorus, and this furnace is alleged 
to have eliminated it in a very high . So we.are 
about as much in the dark as ever, and I ctill venture to 
think that the Institute would do well to investigate 
thoroughly the science of paddling, and set all these specn- 
lations -at rest. There does not appear to be any great 
difficulty in doing it, but the + would be heavy for 
any private individual or small to undertake, t h 
wena indeed when divided among the members of the 


In conclusion, so far as my remarks have related to the 
trials of the Danks furnace in'America, I have endeavoured 
to show that certain important points were , butit 
is only just to the Commissioners to state that they were 
aay 8 a cted to take note of those points, nor were they 
at the outset furnished with one of the requisite materials 
for doing so, namely, the puddling cinder ; and it is onl 
just to further that the unfortunate experience whi 
compelled me to look more closely into such matters than 
is usually done in the trade, probably never occurred 
to those;who had the arrangement of the commission, or, I 
am quite certain, that such vital points would never have 
been overlooked. 











and at the rolls appears to average from 20 to 25 


+ See page 382 of the last Institute Journal. 


Crervus6r.—It is —— that the Italian Government is 
about to eo aS order for armour-plates to the 
aa orks. is report requires, however, co: 
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Gothenbrg. 2nd red deals... 3502 000 
3rd we12 @ © 12 2 O 
Petersburg st red deals ... wmws0 000 
” » » battens 1615 0 09 9 O 
2” » White deals 11 10 © 13 5 ° 
e a » batts 1015 0 9 9 ° 
Gothenburg 2nd red deals 13 § 9 © ° e 
e srd ,, — ae ©&  § ° 
batts. 11 5 09 09 9 O 
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has been organised in Queensland. erbert, who | while 350 miles more are under consideration, although 
has long held the joint offices of cameheiene for railways | they have not yet been ery &, approved by the Colonial Par- 
and under-sec: —_ public works, retains the first and | liament. The Queensland lines are all of thé 3 ft. 6 in. 
most important oifice. Queensland has now 298 miles of | gauge, and the average cost of constraction thus far has 


‘ti 


depertenent | line open for traffic and 162 miles more under construction, 


+ 11,0002. per mile. In 1875 the Queensland 
es gy ied 137,890 passengers and 50,785 tons of 
3 this traffic compared unfavourably with the corre- 

traffic in South Australia, Victoria, 


and New 
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THE PENNSYLVANIA RAILROAD. 

No. XV.—TwHE West PHILADELPHIA SHOPS. 

Tue terminal depédt at West Philadelphia has, 
during the past year, received the important and 
much-needed addition of a large and very com- 
modious passenger station facing on Market-street, 
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Figé.i. 


traffic. 


and which replaces the dark and crowded sheds that 
previously had received the whole of the n 
his new station was illustrate 
scribed by us on pages 184, 186, and 187 ante. 
Besides the accommodation for passengers there 
is a large and well-arranged set of shops, not so 
extensive as those at Altoona, but favourably con- 
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trasting with the latter, from having been designed 
upon a systematic plan, and not having grown by 
consecutive extensions and alterations as is the 
case with the Altoona shops. The accompany- 
ing illustrations are taken from a paper pre- 
pared by Mr. rey M. Wilson, engineer of roads 
and bridges to the Pennsylvania Railroad Company, 





“~, 


and which appeared in the Journal ofthe Franklin 
Institute. To the same source we are indebted for 
much of the following information regarding the 


shops. 

The depét derives additional importance from the 
fact that it serves not only as a terminal station for 
peernaee and freight to the Pennsylvania Railroad, 

ut that by connecting lines it communicates wi 
the Philadelphia, Wilmington, and Baltimore, and 
with the Philadelphia and Reading Railroads. It 
forms also the terminal station for the new line 
recent] 5 ree by the company to New York, 
while the Delaware extension of the Pennsylvania 
Railroad connects it with the grain elevator and 
coal wharves on the Delaware, and with the gas 
works at Breeze Point; close beside it also on the 
Schuylkill river are some very extensive abattoirs 
belonging to the railway company. On the east 
side of the Schuylkill river, about Kighteenth-street 
and Market-street, is the city freight depét of the 
railway, and a double line of rails connects this 
with the station, crossing the Schuylkill over the 
Market-street bridge, which was rebuilt of timber 
in such a remarkably short time at the close of the 
year 1875, the previous bridge having been de- 
stroyed by fire. e present bridge has been built 
upon the piers of the older one, and it crosses the 
Schuylkill in three spans. The platform is divided 
into two parts, one of which is given up to public 
traffic, and the other reserved for the business of 
the railway company. Over this bridge, between 
the terminal station and the depét on eighteenth 
street, trains of empty and loaded cars each 
other continually, the whole of the traffic being 
conducted by mules, which in long trains of fifteen 
or twenty, transfer the wagons between the two 
points, 

The West Philadelphia station yard contains 
4% miles of single main line and 22 miles of sidings, 
besides the extensions recently made for the accom- 
modation of the new passenger station already 
described. 

A large grain depét is situated on the east side of 
Thirtieth-street, Philadelphia, immediately north of 
Market-street, and is connected with the railway by 
the arched bridge, illustrated by usin vol. x. pages 69, 
71, and refe to on page 221 ante. It is employed 
as a depot for storing grain, and is 555ft. long, 125 ft. 
wide, and 36 ft, high to the springing of the roof, 
divided into two stories by a floor 19 ft, from the 
ground. The building is covered by a roof ina single 
span of wrought iron with trian bracing and 
timber rafters. The roof is covered with slate, and a 
number of skylights. The rest of the building is 
all of timber, the sides being protected with slating. 
The total capacity of the building is 3,607,500 cubic 
feet, and the space is divided into 600 bins, each cor = 
taining 500 bushels, so that the storage capacity of 
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the house is 3,000,000 bushels. The trains enter the 
building on the upper story, on which six lines of 
rails are laid along the entire length, and a platform 
4 ft. above the rail level is placed between each track. 
The bins occupy the space between the platforms, 
and the grain is discharged from the wagons into 
them. The bins descend from the upper floor to 
within 8 ft. of the ground, and terminate with 
sloping sides, the bottom being closed by a valve, 
so that the discharge of grain can take place into 
the wagons brought underneath the bin, and the 
amount regulated by the valve. On the ground 
floor there are fifty entrances for vehicles, with as 
many passages running the width of the building, 
and separated from each other by treatles carrying the 
upper floor. ‘he passages are of course immediately 
under the bins. Flourin barrels is unloaded on the 
platforms, and crane accommodation is provided at 
one end of the building for lowering it into the street. 
The whole of the building is carried on piles, 5558 
being driven in the soft ground upon which it stands, 
The depth to which they were driven varies from 
35 ft. in the river front, to 6 ft. at the rear. The 

iles were of hemlock, not less than 10in. in diameter. 

nder the outside walls they were driven 30 in. 
apart from centre to centre, and 3 ft. apart longi- 
tudinally. After they were driven the heads of the 
piles were cut off to a level of 30 in. below high 
water, and a double floor of hemlock logs 9 in. 
and 6 in. thick was laid upon them, The masonry 
is laid upon this platform, the outside walls being 
4 ft, thick at the bottom, and carried to a height of 
10 ft. 6 in. above high water, at which level the 
thickness is reduced to 2 ft. 6 in., and the thickness 
of the cross walls decreases from 3 ft. to2 ft. The 
woodwork of the building is erected on this masonry. 

This depét is not shown upon the plan, Fig. 1, 
but the lines leading to it are marked A. The 
buildings B and C are respectively a locomotive 
house and a machine shop, both of which are old 
and require no special description, The newer por- 
tion is that included between the sidings and Thir- 
tieth-street. They comprise a locomotive roundhouse 
300 ft. in diameter ; a blacksmiths’ shop, 192 ft. 6 in. 
by 96. ft., leading into the locomotive and machine 
shop, 280 ft. 14 in. long by 82 ft. 8 in. wide. Next 
comes the passenger car shop of the same dimen- 
sions, and between these two buildings is.a long tra- 
verse pit as shown on the plan. The boiler house, 
80 ft. by 55 ft., lies at the rear of the machine shop, 
and between it and the blacksmiths’ shop is a large 
coal store. To the rear of the passenger car shed 
and leading into it is a second smiths’ shop of the 
same dimensions as the other, a large building, 132 ft. 
9 in. by 67 ft. 5 in., for wood-working machinery, and 
a paint shop of the same length but 52 ft. wide. 
Further to the rear is a freight car repairing shop 
108 ft. 9 in. by 277 ft., an oil shed 30 ft. by 251 ft. 
9 in., and a lumber shed 80 ft. long. A carpenters’ 
shop, stables, and a few smaller buildings complete 
the works. The plan shows the arrangement of 
rails in the yard, and the communication between 
the main tracks and the various buildings. 

The engine shed is not circular in plan but con- 
sists of a regular polygon of 44 sides with an \ 
courtin the centre 168 ft. 11 in. in diameter. The 
space between the court and the outer wall is 62 ft. 
10 in., and this space is roofedover. In the middle 
of the central court is a turntable shown in Fig. 2. 
(see the two-page plate). It was ciniihienl as 
are most of the turntables upon the line, by Messrs. 
W. Sellers and Co., of Philadelphia, It is 50 ft. in 
diameter and turns upon a central pivot provided 
with antifriction rollers, Upon this pivot is a cast- 
iron box to which are bolted four horizontal cast- 
iron arms in pairs on opposite sides of the box. A 
cast-iron strut connects each pair of arms near their 
outer ends, and these struts serve to carry rollers as 
shown in the figure, and which run upon a circular 
rail laid on a sill laid on top of the masonry en- 
closing the pit. Oak crossties are laid at short in- 
tervals upon the horizontal arms, and upon these are 
ee longitudinal sleepers which carry the rails. 

“he construction of the central box, the pivot, and 
rollers, is shown in Fig. 3, from which it will be 
seen that a cast-iron block is placed on top of the 
pivot, while to the top of the cast-iron box is bolted 
a cap, the underside of which eontains the upper 
roller path; the lower path is laid on the block 
placed on top of the pivot. Both rollers and roller 
paths are made of steel. The whole of this central 

rtion rests upon a masonry pier 6 ft. square, a 

tone 5 ft, 6 in. square and 15 in. thick is in- 
terposed between the top of the pier and the pivot. 
The wall surrounding the pit is a 22-in, brickwork, 





resting on a stone foundation ; the oak ties support- 
ing the circular rail are laid on the top of the wall, 
the spaces between being filled with brickwork in 
cement, Around the outer part of the wall is an 
oak curb, 4 in. by 13 in., fastened down to the 
brickwork by anchor bolts. The floor of the pit is 
brick set in cement. 

The various tracks converging from each of the 
stalls to the centre of the pit terminate on the oak 
curb before mentioned, and at each track there is 
a socket into which the locking bolts on each end 
of the turntable pass, to hold the latter in position. 
Unloaded, a weight of a pound and a half is suffi- 
cient to move the table, and when occupied with an 
engine and tender, it is easily turned by one man, 
who pushes the table round by means of a bar, the 
end of which fits the locking bolt already spoken 
of. 

The design and construction of the engine-house 
is shown in Figs. 4to 17. ‘The outer face of the 
house is formed of brick, the inner of cast-iron 
columns spaced a little more than 12 ft. apart from 
centre to centre. The foundations are of stone, 
the outer wall being 2 ft. 6in. thick, and the inner 
24in. A cut stone sill 9in, by ]5 in. runs around 
the building on top of the foundation wall as shown, 
The outer wall above the ground is of brick, with 
piers placed 21 ft. 4in. apart from centre to centre, 
and panels between, as shown in the section Fig. 4, 
and partial elevations Fig. 5. The thickness of the 
brickwork at piers is 22 in., and in the panels 13 in. 
Above the piers an indented eourse runs around 
the building, with mouldings above as in Fig. 5, to 
the gutter and wall plate, whichis 21 ft. 9in. above 
rail level. Fig. 5 also shows the arrangement of 
doors and windows in the outer wall, Of the former 
there are only two, the positions of which are indi- 
cated on the general station plan at the point where 
the rails from siding run through the house, The 
rest of the panels in the outer wall are pierced for 
a window 4ft. 8$in. by 9ft. llgin. The two 
entrance doors are in double leaves, 11 ft, 1} in. 
total width, and 12 ft. 5} in. high to the level of the 
springing of the semicircular head. They are framed 
34 in, thick, and each leaf is hung upon three hinges 
as shown. Fig. 6 shows the inner front of the build- 
ing. It consists of square columns of cast iron 
placed 11 ft. 54in.in the clear. Thespace between 
the tops of the columns and the facia at wall plate 
level is filled in with semicircular spandrils as 
shown. The bays left by the latter and the columns 
are filled in with doors 3in. thick, but glazed as 
shown. Three of the doors are provided with 
wickets. Figs. 9, 10, and 11, show details of these co- 
lumns, facia plates, and spandrils ; the thiekness of 
metal is 7, in., except for the columns, which are in. 
The section Fig. 4 shows the roof of this building, and 
Figs. 12 to 17 are details of different portions. The 
span of the truss is 64 ft. 6 in. from centre to centre 
of bolt holes in the shoes ; the rafters are pitched to 
an angle of 224 deg., and the camber of the tie-rod 
is 6 in, in the centre of span. All the dimensions 
of the various parts are figured on the engraving; 
the rafter is of [-section and weighs 40 lb. per yard, 
The shoes at the end of the truss are shown in the 
detail Figs. 9,12, 14, 16,17, On the inner side the shoe 
is bolted to the head of the column, on the outer side 
it rests upon rollers, bearing on a cast-iron plate, 
that is carried by an oak wall plate 4in. by 17 in. 
and 6 ft. long. The enlarged plan of house, Fig. 7, 
shows the arrangement of purlins, These latter 
are of pine 4in. by 8 in. by 10in., and varying in 
length from 13 ft. to 22 ft. according to their posi- 
tion on the radiatingroof. The purlins are covered 
with ] in. boarding tongued and ved, and over 
this is laid the slating. The roof is drained through 
4in. pipes running down the outer wall, at every 
alternate pier, into a drain 13in. in diameter, and 
laid around the building as shown in the part plan 
Fig. 7. The flooring is in two thicknesses, the 
lower of lin. pine, and the upper 2 in. thick of pine 
tongued and grooved. This flooring is laid upon 
oak joists 3in. by 12in., and placed at distances 
varying from 12in. to 15in. The joists rest upon 
oak wall plates 3 in. by 12 in., and these are carried 
by the dwarf stone wall, as shown in section Fig. 4. 
It will be seen in the plan, Fig. 7, that a line of rails 
is laid in each division or stall of the house con- 
verging to the central turntable. Between the rails 
in each stall, excepting those two devoted to the 
ingress and egress of engines, is built a pit 42 ft. 6 in. 
long, 3 ft, 11 in. ‘wide,’ 2 ft. 9in. deep at front, and 
21 ft. 6 in. at back. . Fig. 4shows one of these pits 





in longitudinal section, while Fig. 8 is a transverse 
section of same to an enlarged scale, The sides of 





the pit are of masonry 2 ft. thick, and the invert ig 
of brick set in cement and coursed as shown. A 
12in. drain runs around the house in the position 
marked by Fig. 7, and receives all the drainage from 
the pits. The rails within the house are laid upon 
white oak sleepers 3in. by 12in. cut into the joists, 
as shown in Fig. 8, the top of the sleeper being 
flush with that of the joist. On the outside of each 
rail is laid an oak strip flush with the flooring, and 
formed with a gutter, that drains the floor into the 
pit. Between the inner face of the house and the 
turntable, the rails are laid on oak crossties 6 in. by 
8 in., with 14 in. of ballast. 

Suitable arrangements are provided for supplying 
water to the house, and ventilation is secured by 
means of the louvre frames on top of the roof, 
and shown in the section Fig. 4, and by the cowls 
in each stall over the stack of the locomotive. 








MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. XV. 
J1@-SAWING MACHINES. 

Tue number of machines of this kind, not their 
importance, or their improvements, must compel 
some notice. In passing through the Machinery Hall 
one was led to think that one of the chief aims 
of American mechanics for some years past had been 
to invent jig saws, not the machines precisely, but 
springs to maintain tension of the saw blades. From 
the table, or even from the top guides downward, 
there was so much uniformity that there is nothing for 
comment; but when the tension springs are reached 
there began a maze of irregularity and novelty 
which deserves no higher praise than to be called 
astonishing. This is not, as we well know, the 
least to be learned from a notice of this matter, 
and we will venture on the forbearance of our 
readers, and sacrifice some space in hope of calling 
attention in America to the fact that jig saw springs 
were scarcely worthy of so much attention, nor de- 
served so prominent a place in an exhibition like 
the present one. One firm in Philadelphia, ashamed 
no doubt of the display of springs, exhibited a first- 
class jig-sawing machine without the top or tension 
devices. 

Leaf springs, wooden springs, gum springs, coiled 
springs, bow springs, and more, may be called 
types of those which do duty on fifteen to twenty 
different jig saws. The point to be attained is rapid 
reciprocal movement, and the means is an avoidance 
of weight in the details, so that all, more or less, 
approximate a very rigid spring with a short move- 
ment which is multiplied by light levers, rollers, or 
other contrivances until the range equals the re- 
quired stroke of the saws. The aim in an operative 
way is to see how long the machines can run with- 
out these springs “letting go,” a problem which is 
neither tedious nor uncertain. A facetious friend 
remarked in respect to such jig saws, ‘‘ he had never 
seen one more than two years old.” 


MACHINERY FOR MAKING BARRELS. 

In this, as in some other classes of machinery 
where it was expected that the American Exhibition 
would be especially distinguished, the display was a 
meagre one. For some reason that we cannot fully 
understand, machines for making strong casks have 
never received much attention in America; it was 
not therefore expected that a great deal would be 
shown in the way of cask-making machines, but for 
barrels, tubs, pails, and so on, something unusual 
was expected, 

In respect to machinery for tubs and pails it may 
be explained that there are but few makers, prin- 
cipal among whom is Mr. B. D. Whitney, of Win- 
chendon, who has, in both Europe and America, on 
several occasions exhibited his machines and system 
of making wooden vessels, It had therefore no 
doubt been concluded that as there had not, since 
the last Exhibition, been much change in the pro- 
cesses and machines it was scarcely worth while to 
set up a plant in the one at Philadelphia. 

Mr. Whitney, as once before mentioned, sent 
a number of well-designed and well-constructed 
machines, but except cylindrical sawing machines 
for meee, none were directly connected with cooper 
work. 

There was, in fact, but one set of machines for 
barrel-making, and these, whatever their operative 
merits, stood first in their class for roughness, un- 
couth design, and tawdry painting. ‘The whole 
taken together was suggestive of having been fitted 
up in the ‘‘ woods” as the Americanssay. The ma- 
ehines seemed efficient, and it would certainly repay 





the manufacturer of them to employ some one with 
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engineering knowledge enough to put the work into 
some shape more pleasing to the eye and more in 
accordance with the rules of modern machine 
fitting. 

The machinery in question, as well as nearly all 
of the kind used in America, was for the purpose of 
making ‘ barrels” to hold from 30 to 45 gallons. 
These barrels are divided into two classes, ‘‘ tight” 
and ‘‘slack,” for liquids and dry substances, and 
are in nearly all cases made from split pieces both 
for the staves and heads. By imagining the nature 
of these riven pieces which machines have to ope- 
rate upon one may form some idea of the differ- 
ence from what is required for similar processes in 
Europe, where sawn stuff is mainly used for vessels 
of all kinds. Not to spend time over the matter, 
we will only remark that aside from the treatment 
of rived or split lumber and for bilged vessels 
larger than ten gallons or so, there is but little of 
interest in American coopering machines compared 
to England and France. There are no machines 
which, all things considered, can compare with 
those recently illustrated in this journal, if barrel- 
making in general is assumed as a proper standard 
to judge from, 

‘There were numerous and important improvements 
in barrels, such as making the shell in one piece 
from wood, also of paper, and there were many fine 
specimens of cooper work of the ordinary kind, but 
the purpose here being to treat of machine tools 
only, there is little to be said of the machines shown 
in the Exhibition. 


MACHINES FOR SAWING STONE. 


In respect to stone sawing it was at first anti- 
cipated that a notice of some length would be re- 
quired, with drawings to illustrate the novel points 
in the mechanism employed for stone sawing ; but 
failing to see in the machines and processes as exhi- 
bited, those economic advantages which the inventors 
and exhibitors claim, we will confine what is said 
to that which is thought the most important part of 
the problem: Will diamond sawing machines, such 
as were exhibited, pay? Some of the explanations, 
claims, and assertions found in the circulars relating 
to diamond sawing are so unique, that we cannot 
forbear quoting an example : 

‘‘ Black diamonds (found in Brazil, and known 
in the trade as carbons) are used in these saws as 
teeth or cutting points. They have neither beauty 
nor value as gems, but are of such amazing en- 
durance as to stand constant use in sawing hard and 
gritty rocks during an average period of four 
months, and do such an amount of work as to make 
them, though many times dearer than gold, the 
cheapest of all tools for this purpose. They are in- 
deed the hardest substance in nature. Under our 
treatment they become positive cutting tools to 
plough through the stone. Nothing else could keep 
the clearance of the saw, even for the shortest time, 
in dividing rocks such as marble, limestone, granite, 
and the freestones composed largely of quartz. To 
obtain success, however, they must be used accord- 
ing to their nature, A thorough adaptation to this 
natural use is the pre-eminent characteristic of the 
diamond saw machines invented by Mr. So-and-So,” 

Grammatically, philologically, or otherwise, this 
we think should carry some weight, but when the 
learned inventor further on in the same circular 
says that, ‘‘One of his reciprocating diamond saws 
will do work in from one-tenth to one-twentieth of 
the time taken by sand-saws,” and construing this 
sentence to mean that a diamond saw will in a 
given time perform from ten to twenty times as 
much work as a sand-saw will, the recommenda- 
tion is yet a weak one, and will not, we fear, con- 
vince those acquainted with the matter that diamonds 
are less expensive than sand for stone sawing. 

The point of novelty in the various machines 
exhibited seemed to be in the different methods of 
holding the ‘ carbons,” and as this, which would 
perhaps be passed over by a nonskilled observer, 
engrosses so much attention, it is safe to infer that 
these cutting implements, ‘dearer than gold and 
the cheapest of all tools for the purpose,” have a 
tendency to drop out, or be pulled from their me- 
tallic seats and be washed away with the débris. 
This inference is strengthened by the importance 
claimed for a kind of sieve to catch the “ carbons,” 
should they come loose and fall out. 

A diamond stone-saw, as no doubt most of our 
readers are aware, is a common saw, circular or re- 
cwprocating, its teeth pointed with diamonds, which 
are imbedded in or clam: in the steel so as to 


present a surface so much wider than the saw blade 








as to permit the latter to pass freely through the 
kerf. The slit or kerf, however, is generally wider 
than the thickness of tlie diamond-pointed edge, 
a result of granular abrasion beyond the teeth, 
It must not be inferred that the diamonds employed 
are larger in diameter than the ‘thickness of the 
saw plates. By staggering them, that is fixing 
them alternately first on one side and then on the 
other, corresponding as we may say to the setting 
of a saw for wood, the ‘‘ carbons” can be compara- 
tively small and cut their way. 

In the diamond sawing machinery exhibited there 
was nothing worthy of note in the mechanism, A 
firm from St. Louis, in the western part of the 
country, showed a well-designed machine for circular 
sawing, while another exhibit of the kind from 
Pittsburgh may be called the opposite. The gear 
wheels in a train for operating the carriage of the 
machine last named seemed to have been collected 
from a junk yard. To follow the supposed lines of 
strain throughout the framing pa other parts 
created a stroag suspicion that no such trouble was 
taken in the original scheme. 

There were two reciprocating ‘‘diamond saws,” 
one vertical and the other horizontal. In respect to 
these there was some rivalry between the two as to 
which might be called the most uncouth mechanical 
production in their department. The smaller ma- 
chine has a reciprocating frame in which the saws 
are strained, arranged to be fed downward by 
means of various screws, gearing, and other details. 
This frame is supported on metal ways which are 
placed at the ends of the stones to be sawn, and at 
such a height and in such a position that the grit, 
water, and ‘loose carbons,” if any, are thrown 
from the kerf directly on the ways. This is men- 
tioned as one point out of many where we conceive 
that there might be improvement made. In all 
machinery for working stone the first care of an 
experienced engineer is to avoid sliding bearings if 
possible, and secondly, if they are unavoidable, to 
cover them securely from grit, or, if practicable, 
place them away from exposed places, 

The vertical reciprocating diamond stone-sawing 
machine is a compound of wood and iron, bearing 
a strong aspect of having been made on a farm 
‘‘ during the wet season.” What a diamond saw 
would really perform if operated in a well-made 
machine, and under more favourable circumstances, 
we are not prepared to judge, but in respect to the 
machine, now being referred to, it will be safe to 
conclude that it will never determine the problem of 
diamond sawing. 

Those who have seen stone sawing performed 
anywhere, and especially in the middle states of 
America where there are dozens of “ gang-saws” 
working in a single shed, will fail to see any gain by 
substituting diamonds for sand as an abrading ele- 
ment. 

The examples sawn at the Exhibition were, so 
far as seen, of soft friable sandstone, such as is sawn 
into all manner of shapes at Rockville and else- 
where on the Ohio river, and treated very much as 
lumber is. This soft stone is not the material for 
which effective sawing machinery is so much wanted, 
Such stone is easily sawn. An unskilled man, 
whose wages even in America will not exceed 10/. a 
month, can attend from 25 to 50 sand-saws. The 
whole plant is in keeping with the character of the 
work, rough, cheap, and yet efficient. It would re- 
quire only a few ‘‘carbons” to constitute an invest- 
ment equal to a “five gang plant,” which would 
operate 50 saws in cutting thin pieces. 

In answer to a question one of the exhibitors of 
a diamond sawing machine, said: ‘‘ We have no- 
thing to say about granite.” ‘This was candid, and 
indicates, it is presumed, all that can be claimed for 
the process in respect to this obdurate material. 

The expense of stone cutting is very great, and 
in a country where, as in America, wages are high 
and where there are no unions to oppose innovation, 
it is natural that there should be persistent attempts 
to supplant handwork with machines, 

The history of the art, however, so far as it can 
be now recalled, has consisted rather in attempts to 
sell patent rights than to prove the economical advan- 
tages resulting from inventions, This is no doubt 
true of many other things as well as stone-sawing 
machinery, but scarcely in the same degree. It is 
fairly a matter of suspicion at this day for a manu- 
facturer of machinery to tax his customers with a 

atent grant to enable them to use what they buy. 
Dnless a machine is of a kind of which but few will 
be required, the monopoly of manufacture is quite 
enough for an inventor, and to add a patent fee 


looks like making sure of what the machines may 
fail to earn. 

A machine costing more than 4000/. was con- 
structed in Philadelphia a few years since for dia- 
mond stone dressing. It was made for a company 
in New York, and, aside from the diamond part, 
was in every respect a careful and thorough piece 
of engineering work, but has not been heard of in 
a public way since its completion. Other cases of 
the kind could be referred to, and there is but little 
doubt that the matter has been overdone, 

In cutting stone in inaccessible places where the 
amount to be removed is small, such as core boring, 
for meu. the use of diamonds presents well con- 
firmed advantages, There were in the Exhibition 
some good examples of such machines which, even 
in granite, perform wonders in boring holes, and 
—s a core in the centre, 

t, however, requires no t knowledge to see 
the difference between work of this kind andavenitas 
plane surfaces, or even sawing, where the race is 
between the cutting power of tools, instead of reach- 
ing inaccessible places, or removing a small amount 
of material at a considerable de There is, be- 
sides, the continuous pressure and cutting in the case 
of boring which does not, like the intermittent motion 
in sawing, tend to loosen and pull out the diamonds. 

Another thing in connexion with diamond-cutting 
on stone deserves mention. A moulding machine 
for dressing the —_ of marble “tops” and other 
similar work was exhibited by a firm in Philadelphia. 
This machine was constructed by Messrs. Richards, 
London, and Kelley for the exhibitors, and is made 
quite as well as most machine tools, and better, one 
would think, than the work to be done demands. 

This machine we hope to illustrate at a future 
time, and only allude to it here as representing 
another class of diamond cutting which has theo- 
retical conditions in its favour, that is producing 
irregular or moulded shapes where configuration, 
instead of the amount cut away, is the main object 
in view. 

For work of this kind, in the softer kinds of 
stone at least, there seems a chance of success in 
diamond cutting, and we believe the process has for 
some time been carried on with considerable profit, 

In commenting thus on the diamond-cutting 
machinery shown and on such machines generally, 
it may be said in contra-criticism that it would be 
better to present precise facta and results. This 
would no doubt be true in respect to any established 
process, such as cutting metal, generating steam, or 
transporting weights, but in all new processes, 
especially those surrounded by patent monopoly, 
every one knows how little to be depended upon 
are what are called exact results, Itis usually much 
safer to generalise and take in the history of a pro- 
cess up to the time than to place faith in many- 
columned tables giving time, displacement, the cost 
of ‘ carbons,” wear, wages, power, &c. 

The simple fact is that however desirable such a 
thing would be, the history of diamond stone dress- 
ing does not to the present time give assurance of 
success, unless it be, as before intimated, in operating 
in inaccessible places and when other than plane 
surfaces are to be prepared. 


Stone-DRESSING MACHINES, 

Under this head, so far as the exhibits at Phila- 
delphia furnished material, not much can be said. 

One machine, called Holmes’ patent, was exhibited 
by ap English firm, and is, we believe, the same, or 
a similar one to that operated at Kensington 
in 1874. 

This machine has been illustrated and publicly 
described, and is referred to here only as one of a 
peculiar type in which there seems to be a combi- 
nation, or rather a division, between direct pressure 
and blows. The tools have a short positive radial 
movement and meet the stone at an angle much in 
the same position and manner as hand chisels, except 
as to difference in the propelling force just noted. 
There seems to be no progress making in America 
in what may be called the abrasive rolling process, 
such as is employed in the machines of Mr, Brunton, 
being constructed by Messrs. Ransome and Co. of 
Chelsea. This principle, or one substantially the 
same, that is giving positive movement to sharp 
rolling edges, which “‘ spawl” off the material to 
be removed, was invented and tried in America 
more than a dozen yearsago, Whether the process 
was carried far enough to determine its value, we 
have not at hand the facts to judge from, but never- 


theless it seems strange that. this mode of ne 
which on both theoretical and practical groun 
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gives most promise of success, should have been 
abandoned. 

Venturing somewhat beyond the legitimate field 
of this *‘ critique” which the nature of the subject 
sometimes compels, we venture the opinion that 
there cannot be much success attained by any pro- 
cess of stone-cutting in which as one condition the 
material removed must be pulverised or “ disinte- 
grated.” That plan is certainly best which casts off 
spawis, and the larger the better, for, performed 
no matter how, there must be a consumption of 
power and tool wear in proportion to the crushing 
and pulverising, and it is mainly but not wholly on 
this assumption that the rolling principle for tools 
is thought to be the best. In sawing stone the path 
of the tools is so narrow that the operation must be 
one of pulverising, but in facing and .~ the 
exterior surfaces, even when there is little to be 
removed, it may be thrown off in spawls instead of 
ground away by hacking or abrasion. 

This matter is illustrated by handwork. A stone- 
dresser begins with his hammer or axe, and so long 
as there is considerable to remove the amount dis- 
placed in a given time is in the same proportion and 
as the size of the spawls. This rule will apply from 
splitting out down to the use of the bush hiro 
which produces fine dust only. 

It is not seldom that useful hints, or even a whole 
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and complete system for machine processes can be 
gathered from following handwork, especially where 
as in stone dressing the art reaches back historically 
to the mason of Tyre. 

Returning to American practice it must be ac- 
cepted as a fact of some significance that in a count 
where stone is almost everywhere found and wal, 
where labour is dear, and where inventive research 
is so persistent that machine stone dressing has 
made so little advance. This constitutes an argu- 
ment of no little weight against the claims that are 
sometimes put forward in favour of such machinery, 
and shows that either insuperable difficulties are 
to be met with, or else the Americans are less inge- 
nious in this than in most things. 

Marble, which abounds in the region of Phila- 
delphia, has long been successfully worked by 
machines, not wholly, nor even mainly, but in 
certain cases, turning, for example, into circular 
forms such as pillars or balusters ; but marble is not 
a “ gritstone,” and has nothing resembling quartz in 
its composition. Some varieties, indeed, may be cut 
and carved almost like hard wood, yet even in 
this case, as before stated, the machines have only 
supplanted a portion of hand labour in marble 
working. 

What is wanting is a material from which tools 
can be made hard enough, strong enough, and it 
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may be added, large enough to withstand the 
abrasion and enormous strain to which they must 
be subjected. We have now, tempered steel and 
diamonds. There is a long gap between, and little 
or no analogy in the two substances. The first 
lacks hardness, and when highly tempered, tenacity 
as well, while the second is too expensive, and not 
in a form to be practically used except as tips or 
points for tools. Whenever this want of a material 
for suitable tools is filled, then stone dressing, as 
that of wood and iron, will become a common pro- 
cess, and will give rise to a new class of machine 
tools, for which employment wili not be wanting. 


West MeLBournE Swamp.—Plans for the reclamation 
of West Melbourne Swamp have been completed, and only 
await the final approval of the Victorian Minister of 
Lands before tenders will be invited for pe out the 
works under them. The area to be reclaimed amounts to 
after due provision has been made for 
roads, , and a reserve along the margin of the 
rivers, it is estimated that there will, under the proposal, 
ot ht leading f t . f the shone are 
other The i eatures 0} 
the construction of a new channel and embankment round 
the in of the swamp, so as to exclude the drainage of 
West Seiheume and the waters of the Moonee Ponds, and 
to convey them into the Yarra and Saltwater rivers. The 
cost of the works involved by the scheme will be from 
10,0001. to 15,0001. ; the reclaimed land is expected to pro- 
duce an annual rental of about 5000/. 








1060 acres ; and 
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THE UNITED STATES TORPEDO SHIP “ALARM.” 
(For Nh see following Page.) 
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BLOCK-SETTING MACHINERY FOR 
ST. HELIER’S HARBOUR, JERSEY. 

On page 282 we illustrate some block-setting’ ma- 
chinery, designed by Sir John Coode, for use at the 
breakwater, the construction of which has for some time 
been in progress. One of the most interesting features of 
this great work is the construction and use of the blocks 
of concrete, each weighing 100 tons, and the plant which 
we illustrate is designed for placing those blocks in 
position. 

The machinery consists of a vertical boiler; a double 
steam winch, with 6-in. cylinders ; and two iron frames, 
which carry the gearing. It is placed on the deck of a 
float, indicated by outline in both views. The 100-ton 
concrete blocks are made on the shore, and are floated 
out to the breakwater, a distance of frum one to one 
and a half miles. 

The double-purchase hoisting and lowering gear is 
shown at F F, and at EE is the main shaft, which passes 
from the winch to the gear. There are also keyed on this 
shaft the two winding drums D D, which are 3 ft. 3 in. in 
diameter, and are provided with a spiral groove, while 
they are of sufficient length to take up 145 ft. of chain 
without over-lapping. the gear wheels are shrouded 
to the pitch lines on both sides. , 

The drawing shows the arrangement of clutches for 
throwing the winches in and out of gear, 

As already mentioned, the blocks are constructed on 
the shore, or rather, on the bed of the harbour between 
high and low-water mark, so that, at high water, the 
barge can be brought exactly over them. Whén they 
are suspended by the hoists they are ready for being 
towed out to their respective places at the breakwater. 
Ratchet wheels and pawls connected with the gearing 
hold the block in place while it is being towed, and a 
Napier friction brake, G@ G, is used when lowering it 
into position. By means of this arrangement the atten- 
dant can allow the whole mass to descend to its place at 
any speed that may be desired. 

The whole of this block-setting machinery was con- 
structed from Sir John Coode’s designs by Messrs. 
Alexander Chaplin and Co., of Glasgow. Me 

We may mention that since the machinery was erected 
at St. Helier’s Harbour, Mr. Imrie Bell, the resident en- 
gineer at the works, has proved and tested it by handling 
blocks of 70 and 100 tons, and has found it to answer 
satisfactorily. 





ADMIRAL PORTER'S TORPEDO SHIP. 
Our contemporary, the Scientific American, writes as 


follows in a recent issue : ; 

‘** While, in preparing for the wars of the future, forei; 
nations have tatowal chief attention upon immensely 
costly ye ~~ on guns and armour, in the United 
States, the principal aim has been the pry se of the 
torpedo system. An admirably organised and thoroughly 
equipped torpedo school for the navy has for several years 
been in existence in Ne , R. 1. The work which there 
is done is not published, but many of its results are of great 
importance. There is also an army torpedo station at 
Willet’s Point, L. I. The Government also constructed 
one torpedo vessel which is probably the most formidable 
craft afloat (not excepting the Italian ironclads with their 
100-ton guns), and in time of war will form the model for 
a fleet of like steamers. This vessel.is the Alarm; and in 
the engravi (see preceding ), we t all that 
we are permitted to make pub known relative to her 
construction. 

‘* The Alarm, we should premise by explaining, does not 
fight according to any established rules of naval tactics. 
| olen sighted an enemy— at night—her compound 
engines drive her headlong at him at the rate of 15 knots 

r hour. As she nears him, the immense electric light on 

er bow flashes out its glare, blinding her adve to her 
own hull (which is already sunk so low that her d is but 
8 ft. above the sea), while ing his every pro- 
portion. The roar of her 15-in. gun, as it hurls its h 
shot or vel the mms Hg vessel, Sane 8 
crash of the bow spar torpedo striking ) t 
13 ft. below the water line. Then per after a 
momentary cheek due tothe torpedo recoil, the Alarm 
plusges forward, driving her immense ram into her adver- 
eary's crushed side. As she swings broadside on to her foe, 
another torpedo spar shoots out from her side, and another 
torpedo is exploded under the unguarded bottom of the 
enemy ; while the machine guns on the torpedo boat's rail 
keep up a deadly fire of thousands of bullets per minute, 
sweeping her opponent’sdecks. We need scarcely add that 
the Alarm is a diaagreeable craft for a heavy ironclad (one 
like the Vanguard, for instance, which went down like a 
shot on being slightly rammed) to encounter. She is well 
provided with defensive means, but of these we shall write 
further on. 

** An excellent idea of the shape of tie Alarm may be 
obtained from the illustration, Fig. 1. Her length is 
172 ft., of which 32 ft. is snout or ram; her beam is 27 ft. 
6 in., and she draws 11 ft. of water, dispiacing about 700 
tons. She is built of thoroughly tested charcoal iron, and 
on the English bracket plate system : that is to say, she 
has really a double bull, one shell being constructed inside 
the other. Within the outside shell three longitudinals of 
great strength run the entire length of the vessel, and are 
connected with bars running in a horizontal direction, b 
brackets. The different sections can be entered thrones 
man-holes, so that a person can pass from stem to stern 
between the inner and outer vessels. These compartments 
are all water-tight, so that, in event of a leak, only one 
ne 4 
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section could fill. The whole interior of the vessel is also 
built in compartments which may be hermetically closed, 
so that, in case of rupture of both shells at any point, it 
would still be impossible to fill the entire ship with water. 
The side plating is not thick, as it is not intended as armour, 
the vessel, as already explained, being almost wholly 
submerged while in action. 3 
‘* In order to attack an enemy suddenly, and to pursue him 
in case of flight with success, and also to be po a 
very ni mode of self-protection, it is evident, a 
vessel such as the Alarm requires not only pof 
ee but of handling her with the utmost 
theory is that she is always to meet her advea 
and as her most formidable enemy is the ram, 
able to turn in so small as and so quickly that it would 
side:blow: ‘This 


be impossible for her to receive a fair broadside: 
is effected by the total abolition of a rudder, and 
her with the same apparatus which 
wheel, which is represented in Fig. 


pels her, the* r 
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a vertical shaft ; and its paddles are feathered by an eccen- 
tric cam in such a manner that, at one part of their revolu- 
tion, they have a pushing and drawing action on the water, 
while at another part they present only their edges.. The 
device, in fact, is simply a feathering paddle wheel, turned 
horizontally instead of rertically. By suitably turning the 
cam wheel, which is done from the helm, the aathonee of 
the paddles is caused to occur at different points; and in 
this way the ship may be turned, or rather her stern 
twisted around as if on a pivot. At the same time, by 
suitably adjusting the paddles, the vessel goes ahead or 
backs, the engine meanwhile running always in the same 
on. 

“The steering is accomplished from the wheelhouse 
located aft on the deck, an interior view of which is = 
in Fig. 2. By means of the hand lever, shown ben the 
wheel, steam is admitted to the little engine which works 
the cam that adjusts the paddles. Then, by turning the 
horizontal handwheel in either direction, the helmsman 
controls the movement of the cam as desired. Just above 
the wheel isa dial witha pointer, which enables him to 
note the exact position of the paddles, and so to place them 
as ordered. 

‘Inside the wheelhouse = may or may not 
be used in action as desired, as all its appliances 
are duplicated below deck) are devices for communicating 
with the men working the big gun in the bow, Fig. 3, or 
those managing the torpedoes. Fig. 6 shows the spar, 
which is a long hollow iron cylinder lying on its supports 
between decks. Its outboard end rests in a kind of 
trough ; and to this extremity the torpedo, Fig. 7, a metal 
shell containing a hundred pounds or so of powder, is 
fastened. An electric fuse, also shown in Fig. 7, is ad- 
justed, so that its platinum wire will become white hot, 
and so fire the torpedo when the current passes. To the 
cradle in which the torpedo spar lies are attached heavy 
tackles hooked to the beams overhead, so that the spar 
can be tilted to different angles in order that its extremity, 
when pushed out, may be at a greater or less depth under 
water. The valve th: ° passes through 
the side of the vessel is so that 


iis § 


bowson ; 
she must be|-»* Phe firing-may be done 


The wheel turns on | € 





enter during the pro i of the spar. The latter 
operation is eff by a tackle brought to a steam winch 
provided for the purpose, ‘The side spars are 18 ft. and 
the bow 32 ft. in length. On receiving the signal, 
the men below affix the torpedo aud run out the spar. If 
the vessel to be attacked has torpedo guards out, an in- 
Seew mechanical contrivance on the torpedo signals 
fact, and the person stationed. at the exploding wire 
does not'press the key. The Alarmithen tries to break or 
sh through the obstruction, and her success is announced 
the ; e -™ meee te pan of 
’ the explo- 
=> 


p. 

z re dk w decks at the place 
natin aré pushed ‘out or from the we 
oth places, eledtric machines are located which 
action: by the ship’s engines. Fig. 4 repre- 
ag keys in the wheelhouse ; and in Fi . 2 the 
is indicated. ‘By pressing one of the keys 
ion between - the terped> with which it 
electric ¢ tus is at once esta- 
. 8, is mounted on an 
its tackles 
7 — for 

are whipped u 
to a carriage which on 
eS ee ee to rail, so that 
charge can easily swung directly in view of the 
muzzle. The gun, when run out, points Yirectly ahead, as 


the large ving in 
‘Phe engines of the Alarm, a diagram of which we give in 


Fig, 8, are com with four cylinders, the condenser 
A being placed somal them. ‘There are two high-gues- 
sure cylinders B, diameter 20 in;, “stroke 30 in., and two 


low-presstre cylinders C,; 38 in. by 30 in. The low-pres- 
sure cylinders are jacketted. Short connecting rods from 
the crossheads are attached to two bell-crank levers, E, 
which have a throw of 27 in. The crank connecting rods 
F are attached to the other ends of these bell-crank levers, 
and to a common pin in the driving crank G, which latter 
crank has a throw of 15 in. The valves (not shown in the 
engraving) are on top of the cylinders, and are operated 
by eccentrics working on an intermediate shaft, which is 
actuated by levers from the crossheads. No links are fitted 
to the valve gear of these engines, for the reason, already 
stated, that the engine need never be reversed. The pro- 
peller shaft H is, of course, vertical. 

“ The air and circulating pumps for the condenser are in- 
dependent. There are four cylindrical tubular boilers, with 
an & te heating surface of 4600 square feet. 

a: The question of how the Alarm h would fare against 
the heavy guns of a modern ironclad at close quarters is 
really of little moment. As we have shown, it would re- 
quire several hard hits delivered in a number of different 
places to cause her to sink. All her vulnerable parts are 
entirely submerged, and any injury to her engines, &c., 
must come through her steel-plated deck, at which no pro- 
can be other than at a sharp and consequently 
tageous angle. Probably a second torpedo from 
the Alarm would not be necessary to insure the destruction 
of any war vessel now afloat. At the distance under water 
at which she explodes her mines, no plating is ever affixed to 
; and the crushing-in of their timbers must inevitably 
follow the explosion. the torpedo boat should become 
fastened in her enemy and §° down with her, or succumb 
to a near fire, the loss would not be on our side. Lives are 
to be lost in war in any event ; and if, by the sacrifice of a 
torpedo vessel costing a couple of hundred thousand dollars, 
we ever sink a great ironclad worth a million, the life 
— of the eye ghar may well be deemed as — 
“The Alarm was built according to designs prepa y 
a aptly and i ann Fae admirable sea _ 
i moyantly to largest waves. Her 
ventila ents are excellent, and the quarters 
of both officers po men remarkably large and commodious.”’ 








THE Patent Law AMENDMENT Briu.—At a meeting 
of inventors, patentees, and others interested, held at the 
Patent Office, Nassan-street, Dublin, on Tuesday, Mr. J. 
A. Fahie acting as secretary, a petition in reference to the 
above Bill was agreed to and ordered to be sent to Sir 
—_ Guinness, Bart., for presentation to the House of 

ommons. 


Tae Use or Srext ror Rartway Structures.—The 

» consisting of Sir John Hawkshaw, Colonel 

and Mr. Barlow, appointed by the Board of Trade 

to consider the practicability of assigning a safe coefficient 
for the use of steel in railway structures, and the corre- 
spondence connected therewith, have made their report. 
ey recommend that the employment of steel in engineer- 
ing structures should be authorised by the Board of Trade 
under the following conditions, —otn A : 1. That the steel 
employed should be cast steel, or steel made by some pro- 
cess of fusion, subsequently rolled or hammered, and that 
it should be of a quality possessing considerable toughness 
and ductility, and that a certificate to the effect that the 
steel is of this description and quality should be forwarded 
to the Board of Trade by the ineer responsible for the 
structure. 2. That the greatest load which can be brought 
upon thebridge or structure, added to the weight of the 
should not produce a greater strain in any 


be 

for consideration by the Board of 
Trade when they arise. On referring to page 587 of our 
third volume it will be found that we assumed the co-effi- 
cient now recommended, when considering the strer of 
steel structures, in the course of our series of articles on 
‘* Long Span Railway Bridges.” 
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THE TONES OF METAL, WOOD, AND 
STONE. 


A NuMBER of interesting experiments has recently been 
made by M. Decharme, on theacoustic properties of bars 
or rods of various materials. The first part of the in- 
vestigation (which has been fully described in L’ Institut) 
relates to cylindrical bars of various metals, compared 
together. 

All bars were 0.20 m. (7.87 in.) long, and had a 
diameter of 0.01 m. (0.394 in.). They were either hung 
by means of a thread from one of their principal nodal 
points, about 0.04 m. (1.57 in.) from one end, or placed 
with nodal points on the edges of cork prisms, or on a 
thin tube of caoutchouc. The bar was then struck 
in the middle with a wooden hammer covered with 
caoutchouc, and the tone compared by means of a piano 
with the notes of the tempered scale. The results are 
given in the following Table: 











Metal. Note. | Half Vibration per Second. 
Lead is és Fa; 690 
Gold__... eel le 976.53 
Silver 
Antimony Ut, 1034.6 
Tin he Re, 1161.3 
Brass... Mi, 1303.62 
Bronze ... | Fa, 1381 
Zine .| WFa, 1422 
Copper ... Sold, 1642.30 
Cast iron La‘, 1843.64 
Iron Ut; 2192.2 
Steel... Re, 2322.6 
Aluminum Fa; 2762 














It will be seen that between the fundamental tone 
of the lead and that of the aluminum there is an interval 
of two octaves. The intensity of the tones is very 
different according to the nature of the metal, the 
arrangement of the experiment, and the mode of excita- 
tion. In general the tone is more intense and lasting 
when the bar is hung by a thread, than when it is 
placed on two supporting points; but in the latter case 
the tones obtained are purer and free from over tones, 
which are unavoidable with the suspended bars. 

As to the duration of the tone, when the bar is hung 
by a thread, the case is as follows: With lead the tone 
lasted 0.3 seconds ; with antimony, 0.5 seconds; tin, less 
than 1 second; zinc, 1 second; cast iron, more than 
2 seconds ; copper, 5 seconds; brass, 14 seconds ; iron, 12 
seconds; bronze, 24 seconds; steel, 45 seconds. It must here 
also be noted that the tone given by steel on the edges of the 
cork prisms lasted only 25 seconds, or about half as long 
as when the bar was suspended ; whereas bronze resting 
on the cork gave a tone which lasted 25 to 26 seconds. 

The second series of experiments were with equal rods 
of various kinds of woods; of which 38 species and 40 
varieties were examined. Although they were very 
different they only gave tones included within the in- 
terval of one octave. _The deepest tone is Mi, given by 
boxwood, the highest Mi, given by northern fir. Between 
these two extremes stand the tones furnished by the 
various rods. We may mention afew: Nut-tree, laurel 
(Fa‘,), asp (Sol,), palissander, beech, oak, linden (La,), 
acacia, plane-tree (Si,), poplar (Re,). On the whole, 
the tones given by the various woods lie between those 
of brass and aluminum. 

That the density of the wood does not exclusively de- 
termine the pitch of its fundamental tone, appears from 
the following exceptions: The willow, which is among 
the lightest of the woods examined, gives the same note 
(Sol,) as ebony, which is one of the heaviest. The 
lowest note is given by boxwood, whose density is only 
0.93, while the highest is that of the northern fir, whose 
density is 0.54, which is a good deal short of the lowest 
value of the wood density (0.414). 

The intensity of the tones given by various woods is 
pretty weak, and its duration hard to determine. It 
may, however, be stated that palissander, logwood, nut- 
tree, and acacia take the first rank both for the intensity 
and the duration of their fundamental tone; but the 
latter, even in the most favourable case, only reaches 0.5 
to 0.7 second. The degree of dryness has, in general, a 
marked influence both on these properties and on the 
“clang” of the tone. 

Before M. Decharme proceeded to examine other solid 
bodies, he set himself to find what relation there might 
be between the fundamental tone given by a bar and its 
other physical and chemical properties, To this end he 
prepared numerical tables, in which the metals were ar- 
ranged in ascending series according to more than twelve 
physical and chemical properties, and he compared these 
with the pitches of their fundamental tones. The re- 
sult was negative. The pitch of the tones stands in no 
simple and certain relation to any particular physical or 
chemical property. Although it is evidently connected 
with the density it does not depend essentially on this, 
for there are numerous exceptions from the inverse pro- 
portionality. It is further remarked that the velocity of 
sound, the specific heats, and the latent heats are pretty 
nearly in direct proportion to the pitches of the tones 
provided by the bars, while the chemical equivalents on 
the other hand seem to be in inverse ratio. “The hardness 








of metals also has not a direct relation to their vibration 
number. The extensibility, tenacity, conductivity, and 
fusibility show too many anomalies to be capable of being 
compared, and the other properties, such as radiative 
power, specific magnetism, thermo-electric series, &c., 
appear to have no relation to the acoustic properties. 

Elasticity has the most direct relation to the pitch of 
the tones, yet here, too, there are numerous exceptions, 
e.g., hardened steel is more elastic than unhardened, yet 
the latter gives a higher tone than the former. “We 
may, in short,” says the author, “ draw from the foregoing 
discussion, the conclusion that the pitch of the tones 
which are given by equal metallic bars under identical 
conditions, does not stand in any simple relation to the 
other physical or chemical properties of the metals, and 
that those properties on which it seems essentially to de- 
pend in direct proportion are elasticity, specific heat and 
latent heat, and in inverse proportion, density and 
chemical equivalent.” 

Lastly, M. Decharme examined a large number of 
natural stones and other solid bodies with reference to 
their acoustic properties as compared with metal and 
wood. Of these materials rods could not be made, ac- 
cordingly thin tablets of some 0.045 m. (1.77 in.) 
breadth and 0.15 m. (5.9 in.) length were prepared, and 
their fundamental tones compared with those of a similar 
tablet of iron. From the results obtained may be noted 
the following : 

The fifteen kinds of stone examined showed, in regard 
to the pitch of their tones, a difference of more than two 
octaves, from Ut, in calcareous tufa to Fa, in a slate. 
No relation could be distinctly perceived to other pro- 
perties of the stones. Though the pitch of the tones in 
general increases with the density and the hardness of 
the stones there are many exceptions from this. Here, 
as in the case of metals and woods, these relations are 
very complicated, and one finds variations between one 
piece and another, which probably depend on a difference 
of homogeneity and moisture. Summing up the results 
of this whole investigation, the solid bodies experimented 
with gave fundamental tones that lie between Ut; and 
Fa, or more than two octaves. The metals showed the 
greatest variety both in regard to the pitch (if we neglect 
the fundamental tone of calcareous tufa) and to intensity 
and clang. The extent of the tones was 

For metals from Fag (lead) to Fa, (aluminum) 
» Stones ,, Ut; (tufa) ,, Fa, (slate) 
» woods ,, Mig (box) ,, Mis (fir). 





ON SAFETY VALVES.* 
By J. F. Fuannery, Member. 

S1ncz the last session of this Institution an accident, 
involving issues of so serious a c as to raise it to 
the level of a national calamity, has occurred to one of 
our largest war vessels, and this accident has been connected 
more or less directly with the action of safety valves. 

Some four years ago a controversy began between marine 
engine builders and the Board of Trade upon the question 
of safety valves, and the differences of opinion are not even 

et fully adjusted, as is evidenced by the deputation which 
lately waited upon the President of the Board of Trade. 
The present interest of the subject is further shown by the 
fact that the Nautical Magazine—a journal whose views 
on the question of safety valves have all along been clear 
and precise—has this month offered a second prize of 1001. 
for the — weak be + hee appeared obese that a 
paper on this subject would invite pro’ e discussion upon 
a question which is not only of professional, but, at the 
present moment, of great public interest. 

The theoretical action of an ideal safety valve would 
be to prevent the slightest accumulation of pressure above 
the amount intended, and not to contribute to the falling 
of the pressure below the amount intended ; that is to say, 
the moment the normal pressure began to be exceeded 
the valve would rise to it the escape of steam, and 
would rise to just the extent necessary to allow the proper 
quantity of steam to escape, and the moment the tendency 
to undue accumulation ceased the valve would close; and 
at all intermediate stages of time between its first opening 
and its closing the amount of opening would be exactly 
ee ny ae to the surplus steam formed. Practically we 

ow it is impossible to construct such a valve, the first 
difficulty we encounter being the friction of the valve and 
its holding-down apparatus, which prevent the valve rising 
until some slight accumulation of pressure en place, 
and which prevent its closing until the pressure has fallen 
somewhat below the normal point. In practice a valve 
never presents at its first opening sufficient orifice for the 
escape of all the surplus steam the boiler can generate, but 
it is only after the pressure has risen somewhat above the 
point necessary to open the valve that the orifice becomes 
sufficiently large. e cause of this is ly under- 
stood to be that the further the valve rises from its seat 
the greater is the decrease of pressure due to the issue of 
the steam compared with the pressure inside the boiler, 
therefore the greater the height to which it is necessary to 
raise the valve the greater the surplus pressure in the 
boiler must be to raise it, and thus to give sufficient area 
for the discharge of all the steam a boiler can te 
the pressure must rise in the boiler above the intended 
limit, that is above the point at which the valves are 

to begin to blow off. 

Fig. 1 may be taken to represent the action of a 
perfect safety valve. horizontal line A B repre- 
sent the pressures of accumulation, the other lines on the 
diagram are calcilated as follows: Take the case of a 


« Paper read before the Institution of Naval Architects, 








cylindrical high-pressure, marine boiler of, say, 450 indi- 
cated horse power, with a working pressure of 60 Ib. above 
the a it will contain about 12 tons of water and 


about 250 cubic feet of steam space. Suppose the proseuros 
of accumulation to rise to the amounts shown the 
line A B, to, 65 lb., 70 lb., 75 Ib., &c., then the ical dis- 
Sp 
poin' pressure i steam 
ejected in order to reduce the pressure to the normal poi 
oe if ee A vertical distances pas the line A B to the 
at the various points of pressure will represent 
the weights of steam which will di throu: h an 


orifice, #, of given size in one minute. Now if we divide the 
heigh corresponding heights to 
occupied in discharging 


ts to line A C by the 
the line D E,* we get the time 





DT, TT ee oe ee 


: ‘easures of fRocummiclations ' i : ' 
= 5 lbs — go tos —— oats —w tos — setts 704 
someNominal dg oe - ya 


through the orifice « the weight of steam at any 
due its ht and rate of efflux. A h times 
required to discharge different quantities of steam through 
the same orifice are in the rtion to one another as 
different-sized orifices to those quantities of 
steam inthe same time. Now the orifice areas vary for 
small openings as the amounts of lift of a valve, so that the 
amounts of lift necessary to discharge the surplus s' 
in a unit of time will vary as the heights to A C divided 
by the heights to D E; and these points being thus cal- 
culated the curved line A F is drawn through them, and 
may be taken to represent the relative theoretical lifts of a 
valve at those pressures. Adopting this line as a standard, 
we will, after considering different valves, compare their 
efficiency with the theoretical valve by noting the expected 
forms of their curves of action. 
sagan 9 With tio ecliay Goat-ineigha soouiy eaire io te: 
w e 07 -weig ‘ety valve is ex- 
posed at sea. The valves and seati become much more 
i by the grin action due to the 
oscillation of the weights when the vessel rolls. Cases 
have been known to occur in which the pressure upon the 
upper surface of the valve has be hoon ss the centre of the 
mushroom partat the top, and distended and jammed the - 
wings at their lower extremities, and in this way, unless 
the valve is made sufficiently strong, it may be rendered 
inoperative. The tendency of the valve to blow off steam, 
when the vessel pitches and the downward pressure on the 
valve is partially removed, is the defect of the dead-weight 
system to which most importance has been usually attached. 
Itis not always remembered, however, that the mere descent 
of the vessel into the trough of the sea does not in itself lift 
the valve, for, when the weights have acquired the momen- 
tum due to the rate at which the ship is descending, their 
pressure upon the valve is the same as when both weights 
and up ore SS hes it is when the ship begins to descend 
and before the weights have acquired momentum, and when 
the a is coming to rest at the height of her ascent and 
while the weights are | out their momentum, that the 
ve lifts; at the terminating her descent and 
beginning her ascen the pressure is of course greater than 
prime nF rest. But there are other and equally important 


thoug haps less t disadvantages attachi 
‘to the dend-waght 8 , some of which, however, have 
been greatly is argued that unless the 


pees a Petes sme trength than is usual ‘he 
consi ie 8 —greater 8' n is —the 
list of the vessel when sailing on a wind will throw the 
direction of the downward thrust of the weights out of the 
centre line of the spindle, and will have a tendency to bend 
it, fixed as it is at both ends. Suppose the case of a dead- 

ight valve having eight leaden weights 10 in. in ‘diameter 
X24 in. thick, ti on a spindle of gun-metal 1} in. in 
diameter, when the ship takes a list ge ar becomes a 
beam, having to eapport a distributed . The distance 
between the points of support would be about 21 in., and 
let us suppose the vessel to havea list of 30 deg. This is 
an extreme case; and now let us see how far we are justi- 
a Pe ing that the _—— will bend and jam the 
valve. ing the usual formule for the deflection of 
beams, we find that the lateral pressure upon the a 
in a direction at right angles to its axis would be 81 lb, 
and this weight, neue gun-metal spindle 14 in. in 
diameter and 21 in. between points of rt, would bend 
it to the extent of .0007in., which would be by no means 
sufficient to jam the valve and make it inoperative while 
the vessel was at this angle, 

It should be borne in mind that, where a given saf 
valve area is distributed over two or more valves, the effi- 
ciency for the relief of steam is greater than when the 
area is contained in one valve, hecause the value of a safety 


* It is evident that, as the rate of a — 
pressure is constantly décreasing between pressure a 
Pinich the valves ts opened and the normal of 60 Ib., 
we must take the average 





eae a cal 
pressure at which the valve is opened an normal 
pressure. ‘or example, at 85 lb. the rate of efflux will 


be 86 Ib, and at 60 Ib. it will be 661b., therefore © * 86 


=16 Ib., the average rate of efflux of thé steam in falling 
from 85 Ib. to 60 Ib, (See Fig. 1.) 
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valve is to be measured by the amount of orifice that is pre- 
sented for the outflow of the steam ; for example, an area 
of 14.14 in. is required, and we find that two valves each 
of 3 in. in diameter will suffice, and their circumferences 
amount to 18.8 in., but if we have only one valve its dia- 
meter would be 4} in. nearly, and its circumference 
13.35 in. This comparison shows the evil of the practice 
to which some shipowners have resorted—of reducing the 
number of the valves provided they contained the pre- 
scribed area. 

It isa —— that a valve loaded at a higher steam 

ure should rise less than if loaded at a lower pressure ; 

t the explanation appears to be that as the greater the 
pressure the greater the velocity at which the steam will 
rush through an orifice of given size, the high velocity of the 
steam immediately under the valve will, by the temporary 
reduction of the volume there, and the consequent reduc- 
tion of local pressure, cause the valve to sink lower before 
finding a position of equilibrium. To increase the circum- 
ferential orifice there have been patented several different 
forms of valve in which the centre is cut away and an in- 
terior annular seating introduced, and this arrangement, 
if its lift were the same as an ordinary valve, would nearly 
double the area of orifice, and would much reduce the load 
necessary to keep the valve to its seat; but a little con- 
sideration will show that this valve would scarcely lift from 
its seat at all, because, as already seen when comparing the 
lifts of valves for different pressures, the high velocity of 
the steam would take away the —— from the valve, and 
it has been shown by experiment that in the ordinary valve 
the sustaining power is round the centre of the valve, but 
at and near the circumference the pressure falls away. 

The investigations of Rankine and Weisbach go to show 
that the pees at which steam flows through the orifice of 
a valve do not vary with the relative pressures above and 
below the valve, except where the pressure upon the receiv- 
ing side is more than about 60 per cent. of the pressure 
upon the discharging side; that is to say, if you have a 
safety valve fitted to a boiler of 60 Ib. pressure you would 
have the same quantity of steam flowing through any given 
amount of opening of that valve if the pressure outside of 
it was 30 lb. by the gauge, as though it discharged merely 
into the atmosphere or even into a vacuum; but if the 
outside pressure increased above 30 lb. you would have a 
reduced outflow through the valve orifice. 

We have to consider the substitute for the dead-weight 
valve and the objections to it. Spring-loaded valves of 
the ordinary type, and as then constructed, were for a long 
period forbidden by the Board of Trade, and not generally 
adopted by the Admiralty, although many engine builders 
strongly advocated their use. The grounds upon which 
spring safety valves were objected to were that the tension 
or compression of the spring increased with the lift of the 
valve, and that therefore the pressure holding it towards 
its seat became pa the higher the valve was raised 
from its seat, and, as the weight of a dead load is constant 
for every height of lift, the amount of lift of a given valve 
for any pressure would be less with a spring load than 
with a Sead-weight load, and the accumulation pressure 
would therefore be greater. The conclusion to which this 
view of the case would lead would be that a spring-loaded 
valve, if intended to relieve a boiler from steam so as to 
prevent its rising above “7 pressure, should be loaded at 
a point so much per cent. below that pressure ; that is to 
say, suppose a boiler should be sanctioned according to its 
avenath to bear a working load of 60 ib., the spring 
valve, to rise sufficiently to free the boiler at that pressure, 
should be loaded to say 53 lb. if the pressure of accumula- 
tion due to the increasing compression of the spring be 
7 lb.; and as the valve would blow off at 53 bb, that 
would be the working pressure of the boiler, although the 
ye to which the pressure could accumulate would be 
60 Ib. 

Taking this view of the case, either the strength of a 
boiler should be increased or the load upon it reduced, as 
compared with the practice in connexion with dead-load 
valves. With spring valves the amount of the pressure of 
accumulation is a less percentage of the pressure the 
higher the pressure rises, and there is soon reached a pres- 
sure at which the percentage of accumulation becomes so 
small as to be of little practical importance. Taking the 
report forwarded to the Board of Trade on experiments 
with spring valves, carried out on the Clyde in 1873, we find 
that the percentage of accumulation at 33}]b. is 19, at 59 
it is 9.4, at 79.9 it is 6, and at 90} it is 5. With a factor 
of safety in the strength of a boiler of 6—and it is never 
less than this with new boilers—we have, at 60 lb. work- 
ing pressure, a bursting pressure of 360 ]b., and a per- 
centage of accumulation upon the load pressure of the 
spring valve of 10 per cent. ; that is, 60+6=66lb., the 
highest pressure to which steam could rise in a boiler with 
a properly proportioned spring valve loaded to 60 lb. 


Now, = = 5.454, the factor of safety, leaving still an 


enormously large murgin of strength before reaching the 
point of explosion. Some of those who were foremost in 
advocating the use of spring-loaded valves went so far as 
to argue that the pressure of accumulation was the same 
for dead-weight as for spring-loaded valves ; but this posi- 
tion cannot for one moment be upheld, when it is considered 
that the downward pressure opposing the rise remains con- 
stant with the dead-weight, no matter what the amount of 
rise of the valve; but, with the spring valve, the slightest 
proportion of rise compresses the spring, and the pressure 
op its rise varies directly with the amount of that 
rise. There can be no doubt, therefore, that the pressure 
of accumulation is greater in the case of the spring than 
the dead-load valve, other circumstances being the same. 
To overcome this increase of pressure as the valve rises, it 
is m to increase the area of the valve with its lift, 
or to arrange that the increased compression of the spring 
may be compensated in some other way. 

As has been seen, the accumulated pressure of well-con- 







































SAFETY VALVES OF THE JAPANESE IRONCLAD “ FOO-SO.” 
CONSTRUCTED BY MESSRS. J. PENN AND SONS, ENGINEERS, GREENWICH. 
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structed spring valves is of small practical importance for 
boilers intended for high pressures; but when the boilers 
become worn and the pressure redu 
comes more serious, and should be carefully taken into 
account in proportioning the springs to those reduced pres- 
sures. It will be seen that the increased resistance as the 
valve rises is much greater when the strain of the spring is 
transmitted through a lever than where it is applied direct, 
because the distance moved by the part of the lever to 
which the spring is attached is greater than the distance 
moved by the valve, and the increase of tension and resis- 


rise of the valve. The usual arrangement of locomotive 
valves which was said to be suitable for steamship use, 
labours under this disadvantage ; but the elegant and well- 
known arrangement of Mr. Ramsbottom, which was first 
fitted for marine purposes on board the White Star steamer 
Adriatic, is quite free from it, indeed when one valve only 
rises the motion of the valve is greater than that of the 
spring. 

It has been objected, upon theoretical grounds, that the 
proportions of safety valves usually adopted by the Ad- 
miralty and the Board of Trade are the same for all work- 
ing pressures, and do not take into account any other con- 
sideration than that of firegrate area. There is no doubt 
that theoretically the size of a safety valve should vary in- 
versely as the pressure, but as the present proportions are 
sufficient when the valve is properly constructed to relieve 
a boiler of all the steam, the corresponding area of fire- 
grate can generate at the usual pressures of 60 1b. or 70 Ib., 
and ind ractically at lower pressures than these, it does 
not seem desirable to substitute, on purely theoretical 
grounds, rules liable to any amount of discussion and 
mistake, in place of the present simple and practically 
correct method of proportion, which is found to be all that 
is necessary in actual work. 

From the many different valves which have been 
—— before the profession I have selected a few 
for illustration and comparison. Adams’ valve is a type 
which has come into neral favour ; the construction 
of this valve is now widely 

will suffice. It is seen that the outer edge of the valve is 
turned down to form an overbanging lip, and the simple 
explanation of its action is that the steam in rushing out 
in the direction of an le of say 45 deg. is deflected 


by the over’ lip, and an upward pressure tendi 
to bart ege mB er from its seatis produced. The 





valve as follows : “‘ In this chamber (C) molecular destruc- 
tion and decomposition of the steam takes place; the 
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broken molecules impinging and reimpinging on the varied 
surfaces with equally varied effect. At the same time escap- 
ing through the orifice O until a uniform force on all sur- 
faces is obtained, and the stricture orifice O having become 
a molecular vortex, the valve having relieved the boiler 
suddenly and without showing any signs of decline falls to 
its seat.’” Mr. Adams further says, ‘‘ When the pressure 
in the boiler has fallen 1 lb. below that at which the valve 
is loaded to blow off, the issuing current of steam between 
the two orifices will create a perfect vacuum in the cham. 
ber surrounding the valve, and this vacuum acting over the 
area of the concentric chamber will bring the valve back to 
its seat instantly.’’ That this valve does rise and fall with 
a de regular and quick action is found to be the case in 
practice. 

Another type is a valve introduced by Mr. Thomas 
Turton of Liverpool. The peculiarity consists of a sin- 
gularly ingenious method of arranging the springs for the 
equalisation of the pressure at different heights of the 
valve’s lift ; the strut pieces are fitted to hold the valve 
to its seat, and as the valve rises their angle is altered and 
their power to hold down the valve mes less, thus 
compensating for the increased tension of the vertical 
springs. The inventor informs me that these valves have 
been fitted to several vessels using high-pressure steam, and 
with very favourable results. The above valves are those 
which, in addition to spring valves of the ordinary type, 
seem to most demand our consideration ; and I would again 
ask your attention to Fig. 1 for comparison of their 
expected action in relation to the ideal valve. 

As an example of the most recent practice in safety 
valves for high pressures I would invite your attention to 
—_ 2to 10. Figs. 2 to 6 represent the ——S 
ety valves being fitted to the boilers of the Imperial 
Japanese ironclad Foo-So, built from Mr. Reed’s designs, 
the engines being by Messrs. John Penn and Sons. Figs. 7 
to 10 represent the spring-loaded safety valves being fitted 
to the boilers of the Japanese corvettes Kon-Go and Hi-Yei, 
also built from Mr. Reed’s designs, the —— being by 

these valves are 
of the same general as those approved by the engineer 
officers of the Admiralty. 

Since writing the above the following notes have been 
kindly forwarded me by Mr. McFarlane Gray, and they are 
so velenbie that the members will be glad to have them re- 
produced here. ee 

Fig. 11 is an ideal safety valve perfectly frictionless, 


patentee describes the action of the steam in working this | loaded with dead weights, the effective area for steam 


lifting pressure unaffected by the amount of opening. 
yn hm A By pressure ac, &c., I mean the 
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SAFETY VALVES FOR THE JAPANESE CORVETTES “KON-GO” AND “HI-TEI” 
CONSTRUCTED BY EARLE’S SHIPBUILDING AND ENGINEERING COMPANY, HULL. 
































pressures denoted by the perpendicular distance or height 
of the respective points from the zeroline O Z. By lift 
a cf eI mean the lift denoted on greatly enlarged scale by 
the distance of a b, &c., horizontally from the vertical 
line OP. When the pressure passes P the valve opens. 
From P to a the lift is not sufficient to permit the steam 
to escape as fast as it is genera Just at a the opening 
permits the escape to balance the evaporation. The vis 
viva due to the area in p a d carries the valve higher, re- 
ceiving farther vis viva until the point e is reached, when 
the velocity of motion of the valve is greatest ; by the time 
it reaches 4 lift, the pressure is reduced to b, and the area 
ofef b=area Pae. The valve then falls while having 
work done upon it=area fb k, and work taken from it= 

hg. This supposes that the steam has been generating 
= o— to permit the portion of the curve a h to lie 
Tee 0! ° 
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This diagram is a sort of rationale of the “‘singing’’ of 
a tea-kettle lid. What is generally called singing 4 the 
first tune the lid plays while it strikes at each fall, that is 
while there is not space for the portion ah of the curve to 
clear OP. The diagram is the lower note of boiling when 
the lid dances without hitting at each vibration. 
Let the valve now have friction, dead weight load, and 
no impairing of the effective area, Fig. 12. 
P the valve opens, pres- 


en the excess pressure is a 

sure still increasing, say, until opening 6 is reached, but 
the friction of motion being not greater but actually some- 
thing less than the friction of rest there is vis viva im- 
parted to the valve, carrying it up toc. The valve stands 
quite stationary there until the pressure has fallen to d, the 
valve then closes, the pressure still falls as faras b,, it then 
rises for the remainder of the instant of drop, and it stands 
closed until the pressure rises to a, when the same figure 
is again described. 

Let the valve now be affected by reduced efficiency of 
area of valve for lifting effort of steam. That reduction of 
a oe will be pulniens to a reduction s the 

of the pounds of pressure on our diagram for in- 
creased lifts. _ For illustration let the reduction be propor- 
tional to the lift, throughout the range of lift under con- 
sideration. We will then have more and more pounds in 
the height O P as the lift increases, thus modifying the last 


diagram, by this we (Fig. 13), where the pressures 
d escape have to be read from the sloping lines, Pf is 
now accumulation. 


A dead weight as before, but now add a provision equi- 
valent to "Adams? supplemental annulus. TThe effective 
py my lines mgr <ns ange down will now — 

¥ » Fig. 14. ve 0} at pressure a, just the 

— abore the normal anes t ay open name should the 
continue the valve o c, the pressure ma; 

wae have fallen tof. But the sn oy to not begun to on 


pressure falls to g; once to fall it bangs 
itself close, although the py Remedy on 
g to anything ‘than Pe 


less e ; the range is therefore a g. This 
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is a bad valve because it has not some more practical 
defects. Suppose we close in the valve so that there will 
be an increasing pressure on the top of the valve, give it 
also a spring instead of weights, and we will now have to 
slope P Q up. 
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This diagram (Fig. 15) shows how Adams’ valve ought 
to work, open slowly ata; accumulate to f during ‘that 
opening, and shut slowly and steadily while pressure falls 
d closing from g toe. This diagram (Fig. 16) shows 
how Adams’ valve should not work; here the annulus is 
too ad: pees or it increases too abruptly, and the valve 


would open and close too suddenly. 





BOILER EXPLOSIONS AND LOSS OF LIFE, 
Tux following letter has been addressed to every member 
of Parliament by Mr. Hugh Mason, President of the 
Manchester Steam Users’ Association, with the view of 
calling attention to the present loss of life from steam 
boiler explosions, and the necessity for some legislative 
enactment to secure greater precaution being taken by 
steam users for the prevention of these catastrophes : 


The Manchester Steam Users’ Association for the Preven- 
tion of Steam Boiler Explosions, and for the Attainment 
of Economy in the Application of Steam. 

S1r,—The Committee of Management of this Association 

is very desirous of drawing your attention to the great 

sacrifice of human life by steam boiler explosions year after 


year. 
Average from the year 1866) 64 persons killed and 
to 1875, both inclusive 101 ae, P 
ns an 
Return for 1876 of OtoS. Resell. 


In the year 1870 a Select Committee cf the House of 
Commons was appointed to inquire into “‘the cause of 
steam boiler explosions, and the best means of preventing 


them,” and although the Committee clearly arrived at the 
conclusion that steam boiler ions were not accidental, 
and were not an unavoidable t on the use of steam, 


but that they were due to the neglect of boiler owners in 























working boilers unfit for use, yet no legislation has taken 
lace on the subject; while, cince the sitting of the 
arliamentary Committee, 391 persons have been killed, 
and 713 others injured. The greater number, if not all, 
of these lives might have been saved by the exercise of dus 
precaution on the part of the boiler owners. 

Such being the case the Committee of the Manchester 
Steam Users’ Association considers that it has become the 
bounden duty of Parliament to pass some judicious measure 
for stimulating boiler owners to a due sense of their re- 
sponsibility, and to this end would recommend that a 
competent court of inquiry should be instituted for in- 
vestigating the cause of every explosion, whether fatal or 
not, so as to bring the blame home to the right party. 
Such investigations are already held, under the Merchant 
Shipping Act, in the event of every boiler explosion that 
occurs on board ship, and all that is urged is that these in- 
vestigations should be extended to every boiler explosion 
that occurs on land. A slight extension, therefore, of the 
Merchant Shipping Act is all that is required. A ve 
similar principle is already carried into practice with se | 
| aa disasters under'the Regulation of Railways Act 
oO 4 

The measure proposed is so simple, and the object to be 
attained so desirable, that I cannot but think it must com- 
mend itself to you. 

Below I give a copy of a resolution passed unanimously 
at a recent meeting of the general body of the members of 
this Association. 

Allow me to request your earnest attention to the subject. 

I have, Sir, the honour to be, your obedient servant, 
Hueu Mason, President. 

Copy of the resolution referred to above and which was 
passed at an annoal meeting of the general body of sub- 
scribers to the Manchester Steam Users’ Association, held 
in the Town Hall, Mr. Hugh Mason in the chair, on 
Tuesday, March 27th, 1877: 7 

Resolved.—That this meeting would draw attention to 

the continued immunity from steam boiler explosions 
enjoyed year after year by the members of this Association. 
Since the adoption, in the year 1865, of the ‘‘ Guarantee” 
system, which acts as a wholesome stimulus to the members 
to afford the officers of the Association an opportunity of 
making internal and flue examinations of their boilers, no 
explosion has arisen from any boiler guaranteed by this 
Association, with the exception of one of an unimportant 
character which occurred in 1869, by which no one was 
either killed or injured nor was the boiler moved from its 
seat, the explosion aching from collapse of the furnace 
crown in consequence of the unwise treatment of the boiler 
by the owner, in opposition to the practice recommended 
to the members by the officers of the Association. With 
this exception, no boiler guaranteed by the Association has 
ever burst, although during the period referred to, viz., 
from 1865 to 1876 inclusive, the Association has issued in 
round numbers 25,000 boiler gerbe: while, outside 
the ranks of the Association, there have occurred during 
that time as many as 609 explosions, killing 772 persons 
and injuring 1196 others, being an average of 64 persons 
killed every year. ; 
This meeting considers that these facts incontestably 
prove that competent inspection is adequate to prevent the 
present loss of life that occurs through steam boiler ex- 
plosions, and therefore that it is incumbent on the Go- 
vernment to introduce some judicious measure to secwre 
the competent inspection of all steam boilers. 





NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

Glasgow Pig-Iron Market.—There was an entire sus- 
pension of business on ’Change last Thursday, that being 
the day set a as the 8 Sacramental Fast Day in 
the Glasgow district. When was resumed on the 
following day there was a marked f of depression in 
consequence of an unfavourable report to the effect that 
the stock of pigiron at Middlesbrough had been increased 
to the extent of 25,000 tons during the month of March ; 
the market, however, soem tease A moderate amount 
of business was done at 53s. 9d. cash, also at 53s. 10d. and 
53s. 10}d. one month fixed, the forenoon market closing 
53s. 9d. cash and 53s. 10d. one 
afternoon market 





with buyers still off 

month, sellers asking a 8 more. The 

was quiet at the forenoon ne 2 pee A 58s. 104d., 
buyers 53s. 9d. cash, On Monday morning the warrant 
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market opened strong at an advance of 3d. per ton, but 
prices steadily declined, and left off at about beg te 
closing quotations. Business commenced at 54s. 24d. one 
month, but 54s. one month and 53s. 10¢d. cash were after- 
wards accepted, and the forenoon marketrclosed sellers 54s. 
one month and buyers 53s. 10jd.cash. In the afternoon, 53s. 
10}d. cash and one month were the only quotations, and the 
market closed, buyers 53s. 10d. cash, and sellers 54s. one 
month. The market opened flat yesterday forenoon, when a 
fair business was done in warrants at 53s. 10}d. to 53s. 9d. 
one month fixed, also at 58s. 9d. cash, closing with sellers 
at 58s. 9d. cash, and 53s. 10}d. one month, buyers 14d. per 
ton less. The market was quiet in the afternoon, buyers 
at the close 53s. 74d., sellers 53s. 9d. cash. A quiet busi- 
ness was done this forenoon at from 53s. 8d. and 53s. 9d. 
fourteen days, to 53s. 9d. cash, closing buyers at the latter, 
sellers asking 538. 10d. In the afternoon 1000 tons were 
done at 53s. 9d. one month fixed, and 53s. 8d. cash, buyers 
at the close offering 53s. 74d. cash, sellers —s 53s. 9d. 
The shipping returns are now keeping ahead of those of 
last year ut the same time, and, as the makers are at 
present inclined to hold for their quotations, it is considered 
not improbable that the worst has now been passed. Some 
makers have recently done a good business in shippin 
iron, but there is still, much room for improvement, as we 
as in the demand for home consumption. Owing to the 
wages dispute between the furnacemen and their employers 
in one or two instances, there are still some blast furnaces 
damped down. On Friday last there were 109 furnaces in 
ration as against 118 at the same time last year; but 

the nuniber may now be increased somewhat as the men 
at Quarter Iron Works have returned to their work on the 
employers’ terms, The deliveries into the warrant stores 
have in the mean time ceased, and lately, indeed, a small 
quantity of iron was ordered out. The total stock with 
Messrs, Connal and Co. up till last Friday —_ was 
128,829 tons, showing a decrease for the week of tons. 
Last week’s shipments amounted to 9071 tons as against 
8556 tons in the corresponding week of last year, and the 
total decrease for the year 1 877, is now very little over 
3000 tons. ; 

Manufactured Iron.—The demand for manufactured 
iron is not quite so brisk as it was. Some works are ex- 
eeedingly busy, while others are unable to run full time. 
Prices have fallen a shade lower. 


The Pipe-Founding Trade.—A large quantity of’ work 
is being turned out from some of the pipe-founding estab- 
lishments. Several orders are in prospect. The 
Glasgow Corporation Water Committee are in the market 
with an order for upwards of 5000 tons of 36-in. pipes, 
which are to be laid im continuation of the existing mains 
from Mugdock Reservoir. Of late there have been some 
large shipments of water pipes from Glasgow. One ship- 
= reported last week was 657 tons, value 33001., for Rio 

le Janeiro. 


Edinburgh and Leith Engineers’ Society —A meeting 
of this society was held last Wednesday night, Mr, Wm. 
Allan Carter, C.E., in the chair. A paper was read by 
Mr. R. C. Reid, C.E., on some recently constructed water 
works. 


Wick Harbour Works.—Of all the harbours around the 
British coasts that of Wick is surely the most unfortunate. 
Rarely does a storm arise on the north-east coast of Scot- 
land without leaving a sad record behind it in the shape of 

t destruction to the harbour works of the capital of the 
tch herring fishing ; but no former storm ever did the 
amount of destruction that was accomplished last Thurs- 
day night. The breakwater works are now utterly hope- 
less, more than one-half being either thrown into the 
basin, or s0 completely shaken as to be beyond repair ; and 
it is said that the state of the works still standing is such 
as to justify the worst fears as to the result of next winter’s 
storms. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Serious Railway Accident near Kiveton Park.—About 
4 o’clock on Saturday afternoon last, a somewhat destructive 
railway accident happened on the Manchester, Sheffield, and 
Lincolnshire line, between the Kiveton Park and Shireoaks 
stations. The axle of a salt van which was in the middle 
of a mineral train broke whilst the train was running at 
fall speed, and threw seven other trucks offtheline. Three 
of them were smashed up, two others had all their under- 
work, axles &c. torn off, and the others were léss seriously 
damaged. Both the main lines were blocked for several 
hours, great delay being thus caused to the traffic. 


Sheffield Water Works Company.—The annual report 
of this company shows that there would be sufficient to 
pay a dividend of 4 cent. and leave a balance, were it 
clear that a sum of 19,9911. could be charged to revenue 
instead of to capital. In order to have the question 
settled the directors have applied to the Chancery Division 
of the High Court of Justice for a decision on the point. 
The directors say they propose to offer for sale a large 

mantity of land at kes Moor not now required. for 


eir works. The company’s eers (Messrs. Thomas 
and Charles Hapxaley) report that they have examined the 
reservoirs of the com situate at Redmires 


8 

Rivdfe, and Loxley, and have found the embankments and 

other works in a and water-tight condition. There are 

now about 2,500,000,000 ms of water in store. During 

an Any ntire aegth ; z ba riper ty mx i 
’ en iles, t 

number of houses nied sabe” . ms ‘ 


Shefield United Gaslight © .— The of 
this company recommends a dividend of Yo per 4 
57241. to be carried forward. The capital invested is 
521,9641., of which 413,398. has been expended on land, 


buildings, machinery, &c. From July 1st next, the price 
of gas will be lowered from 3s. to 2s. 10d. per 1000 ft. 

The Water Supply of Alfreton.—An inquiry has just 
been held at Alfreton by Mr. Morgan, CH, one of the 
inspectors of the Local Government Board, as to the 
water supply of the town. The capella wed to 
intercept a spring at Butterley and to convey it a distance 
by means of a main conduit six miles long, with various 
branches therefrom. The cost would be about 20,0001. 
altogether by providing for Alfreton, Sowercotes, Rid- 

ings, Birchwood, Swanwick, Newlands, Ironville, and Pye 
Bridge. The scheme was opposed by the owner of a corn 
mill at Higham. 

Proposed New Railway Line.—At the monthly meeting 
of the Barnsley town council on Tuesday, a long letter 
from Mr. J. F. Erri mn Barnes, C.E., of Charminster, 
Dorchester, was read, 8 ting a new line of railway 
from Sutton, near Retford, to Barnsley. The letter said : 
‘The line would ran through the townships of Barnb 
Moor, Hodsock, Blyth, Oldcoates, Styrrup, Tickhill, 
Stainton, Braithwell, Conisbro’ Park, and Denaby, and 
terminate by a junction with the South Yorkshire Railway 
at Mexbrongh, with running powers into Barnsley. The 
line will form an important link in the system of through 
communication between London, Mexbrough, Barnsley, 
&c., and present the shortest route from the Barnsley and 
Silkstone collieries to the London and other markets. [t 
will also pass through and open up an entire new district 
under which the great South Yorkshire coal bed is known 
to exist, and along the southern boun of the Don- 
caster coalfields. It is proposed to enter into an - 
ment with the Great Northern Railway Saree to lease 
and work the line. This line is much wan for the dis- 
trict, which only requires a railway to develop its re- 
sources, both mineral and icultural, &c., and the local 
and through traffic combi cannot fail to make this a 
remunerative undertaking. It fa goegened to construct a 
branch from this railway at Tickhill, through Wadsworth 
into Doncaster, passing through the centre of the Don- 
caster coalfields.’’ The writer then pointed out that the 
new route would save about twelve miles in the distance 
between Barnsley and London, and asked for the views of 
the Barnsley corporation on the subject. The council ad- 
journed the subject to its next meeting. 





NOTES FROM THE SOUTH-WEST. 


Newport Alexandra Docks.—We are informed that 
there is at length a prospect of the dock in connexion 
with these docks being speedily completed. The graving 
dock, which is 500 ft. leng by 50 ft. wide, and about 20 ft. 
deep, has been partially excavated for some time, but has 
been allowed to remain in an unfinished state full of water. 
Acting for the dock company, Mr. C. D. Phillips, of New- 
port, been actively engaged since last Saturday in 
pumping the water from the dock. Previous to his being 
pam | by the company some of the water had been re- 
moved by syphons; but this mode not being quick enough, 
Mr. Phillips was requested to take the matter in hand, 
and he immediately set to work with a portable steam 
engine and a patent centrifugal pump, which throws from 
70,000 to 80,000 gallons of water per hour. The dock 
contained about 2,500,000 ions of water, equal to 
some 11,000 tons, and the work was done in an expeditious 
manner. 


Opening of the Avonmouth Docks.—Although the cere- 
mony of opening the above-mentioned docks took place se- 
veral weeks since, the real opening did not take place until 
Sunday, when the steamer Evelyn, Captain Fleet , from 
Ibrail, of 800 tons register, and laden with barley con- 
ay 2 Messrs. Stoate and Hosegood, was docked in the 
new docks. 


Coal in the West.—The coal trade has become so de- 
pressed in the Gloucestershire and Somersetshire district 
that it has been found necessary to reduce the price of the 
best coal 1s. per ton. At the same time, notice has at 
several collieries been posted to end all contracts prepara- 
tory to a 10 per cent. reduction in wages. 


Merthyr.—As regards the coal trade, reports from the 
various parts of the district show that a decrease is taking 
place in the number of colliers employed. Several of the 
iron works are pretty busily in rail making, but 
it appears that the rails are ie at less than they cost for 
production, the sropeistene preferring to suffer a small loss 
= here = would be sustained by shutting up the works 

er. 


The Forest of Dean.—There has been a slight improve- 
ment in the coal trade. Reduced prices are, however, being 
enforced by merchants, few of whom are at the present 
time realising a profit on their ions. i 
like the ma:ntenance of best quotations means to be out 
the question, and hence it happens that underselling pre- 
vails to a extent. The still suffers from 
the dep state of business generally ; and al h 
there are only four furnaces now in blast, stocks are both 
heavy and increasing. 

Swansea.—The shipments of coal and patent fuel during 
the past week have not been very satisfactor , there having 
been a falling off in both departments. Best large house 
coal is now quoted at 10s. per ton f. o. b. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIppLEsBROUGH, Wednesday. 

The Cleveland Market; 





a 
from didberead ponte of they Manpdoen. usual facilitie, 





rterly Meeting.—Yester- | street 
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were afforded to persons desirous of exhibiting articles of 
interest to the trade, but one or two persons availed 
themselves of this means of advertising. Mr. Thomas 
Whitwell, of South Stockton, again showed diagrams and 
models of his patent hot blast firebrick stove; Messrs. 
MeNay and Co., of Middlesbrough, exhibited a number of 
india-rubber and general stores ; and the Middlesbrough 
Galvanising Company showed specimens of articles from 
their works. The market was perhaps the worst which 
has been held this year. Prices are lower, being based 
upon No. 3 Cleveland pig, selling at 41s. 9d. per ton. 


The Make and Disposal of Pig Iron.—The Cleveland 
Ironmasters’ Association returns show that of 158 blast 
furnaces in the North of England only 111 are in operation. 
There are three new furnaces in course of erection. It will 
be seen that nearly one-third of the blast furnaces are 
standing idle, and that notwithstanding that the makers’ 
stocks are increasing very considerably. Had it not been 
that the accumulated iron was in the hands of the few 
makers who could afford to hold it, more blast furnaces 
would ere this have been blown out. 


The Finished Iron Trade.—There is nothing new to re- 
portin this industry. Many of the works are inoperative, 
and it is difficult to say when they are likely to resume the 
activity which characterised them a couple of years ago. 


The Blast Furnacemens’ Wages.—The masters are dis- 
cussing the advisability of introducing a sliding scale to 
regulate the wages of blast furnacemen in Cleveland. 


The Cleveland Miners and their Wages.— Since our 
last notice a deputation from the Cleveland miners waited 
upon the masters and offered to accept a reduction of one 
halfpenny per ton. It will be recollected that the masters 
proposed a reduction of three halfpence per ton. The 
masters explained that they could not entertain the pro- 
posal, but as the men appeared desirous that the matter 
should be dealt with by arbitration, they expressed their 
willingness to —- that course to settle the question. 
The deputation wi a confer with the men and have 
another interview with the masters. 

The Tees Shipyards.—Nothing further has been done 
in the — dispute in the Tees shipyards, beyond the 
fact that the masters have offered to go back to the prices 
paid in 1875. The men who at first claimed an advance of 
10 per cent., but who modified their claim, are now dis- 
cussing this proposal of the masters. 

The Coal and Coke Trades.—The coal and coke trades 
are flat. — are ag wy nn oe miners some time 
ago agreed to a sliding e for the regulation of their 
wages. The application of this scale has resulted in a re- 
duction in s equal to about 7} per cent. The 
Northumberland coalowners contemplate reducing wages. 


Discovery or Coat.—An excellent vein of coal has just 
been struck by Messrs. D. J. Thomas, at Ynishir, on the 
joint property of the Rev. D. W. Williams and his nephew. 


Roya InstrruTion.—James Dewar, F.R.S.E., Jack- 
sonian Professor of Natural Experimental Philosophy in 
the University of Cambridge, was on Tuesday last elected 
Fullerian Professor of Chemistry in the room of Dr. Glad- 
stone, resigned. 











Tue INSTITUTION oF CrviL ENnaInzsrs.—At the 
meeting of this Society on Tuesday, April 10th, 1877, Mr. 
George Robert Stephenson, President, in the chair, it was 
announced that the Council, acting under the provisions of 
the bye-laws, had transferred Messrs. Walter Brock, Dum- 
barton, Frederick Colyer, Holland-street, William Do- 
naldson, M.A., Reading, Henry Allason Fletcher, White- 
haven, and James Stewart, Auckland, N.Z., from 
of associate to that of member ; and had admitted the 
following candidates as students of the Institution, viz. : 
Messrs. William Thomas Anstruther, John Hi Barnes, 
William Charles Batten, Arthur D’Arcy i m2, 
James Hall Brooke, Francis William Chanter, erick 
Bontemps Claudet, Charles John Cole, William Co - 

Montague Foord, 
Francis Burnes Frost, 
ward 


Heaven, Augustus She’ Hooper, i 
Johnson, Jose Urbano de la Pena y Chévarri, 
Charles Schénberg, John Edward Waller, and Edward 
Westgarth. The monthly ballot resulted in the election of 
eight members, viz.: Messrs. Joseph a, 
Locomotive Superintendent of the Great Western Railway ; 
Samuel Barrass, Resident Engineer for Bridges, 
Railway Adminietration ; John Carrick, Superintendent of 
orks, Glasgow ; Peter Denny, Dumbarton ; John 
Dempster Ferguson, Ex. ., Bombay, P.W.D. ; Charles 
Augustus Harrison, North Railway, Hartlepool ; 
Alexander L Holley, New —_ tee ——_ 
ightley Orlebar, W: ; and seven’ associates, 
sage Oo te fea Te Woe 


Brown, Asst. Engr., P.W.D. India ; Edward Michael 
Eaton, Asst. Engr., Sheffield Water Works ; James 
Filler, late Auct’ ‘Hage., Wexford Harbour Works ; Jo 
Lawson, Lower Norwood; Robert William Maxwell-Miiller, 
Glasgow and South-Western Railway ; John Thomas Mid- 
dleton, Ayr Dock Works: William Edward Shaw, Stad. 
Inst. On, Wolverhampton; Isaac Shone, Wrexham ; 
Allan Stewart, . Staff, Northern A 
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THE WEST PHILADELPHIA WORKSHOPS. 


MR. JOSEPH M. WILSON ENGINEER AND ARCHITECT, PHILADELPHIA, 












































(For Description, see Page 279.) 
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NOTICES OF MEETINGS. 
THE INSTITUTION oF OIVIL ENGINEERS.—Tuesday, April 17th, 
at8p.m. 1. Discussion on ‘*The River'Thames.” 2, “‘On a Deep 
Boring, for Coal at Scarle in Lincolnshire,” by Professor Edward 


> SOcreTY or ARTS.—Cantor Lectures. Monday, April 16th, at 
4p.m. ‘The Connexion of Greek and Roman Art with the Teach- 
ing of the Classics,” by Mr. Sidney Colvin, M.A., Slade Professor 
of Fine Art at the University of Cambridge. Lecture I. (Intro- 


ductory). Science Lecture.—Wednesday, April 18th, at 8 p.m. P 


“ The Modification which Ships of War have undergone during the 
last Twenty Years,” by Mr. E. J. Reed, M.P.,0.B., F.B.S8. Chemical 
Section.—Thursday, April 19th, at 8 p.m. “Spontaneous Com- 
bustion in Factories and Ships,” by Mr. C. W Vincent, F.C.8., 
F.B.8.E. Indian Section.—Friday April 20th, at 8 p.m. “The 
Existing and Possible Commercial Communications between 
war _~ by Major-General Sir Frederick John Goldsmid, 
THE METEOROLOGICAL SOCIETY.—Wednesday, the 18th instant, 
at 7 p.m., at the Institution of Civil Engineers, the following 
ewe will be read: “On the Meteorology of Mozufferpore, 
oot, for 1876,” by O. N, Pearson, F.M.S. “On the Di ro- 
Fey 1] an Instrument for measuring Atmospheric Refraction,” 
by fessor J. Luvini, of Turin. “New Form of Thermometer 
for observing Earth Temperature,” by G. J, Symons, F.MLS. 
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REPORT OF THE ROYAL COMMISSION 
ON RAILWAY ACCIDENTS. 

WE have already reviewed at considerable length 
the principal Report of the Royal Commission on 
Railway Accidents, as well as a portion of the sup- 
plementary —— ——— thereto. The last of 
these, those of Mr. ¢ and Lord de la Warr now 

y claim our attention. After referring to 
the nomination in November, 1874, by ths tallway 
authorities of a Committee “to draw up a complete 
and concise system of rules, which should govern 
the working of all the railways in the country,” and 
pointing out that this committee is composed of 

f attached to the ten principal railways of the 
kingdom, whilst none of the 109 lesser companies 
have been consulted with regard to any of the regu- 
serve that he dutie of th toe sie ae sn 
© duties of this committee do not extend 

d endeavouring to have ted unif in 
arrangements, and that it must be obvious 


that unless it were to obtain statutory powers the 
refusal of other companies to acknowledge its au- 
thority would deprive it in a great measure of the 
necessary means to carry out the intended reform in 
management. ‘There is no reason to doubt either 
the good faith of the principal companies in ap- 
pointing this Committee, or the zeal and energy of 
its honorary secretary, Mr. Oakley, in promoting its 
object ;” but if any claim for statutory powers can 
be put forward, Mr. Galt considers it incum- 
bent on the companies by whom the Committee has 
been appointed to show: (1) that the companies 
are generally willing to exercise its authority ; (2) 
that the Committee has since its appointment 
effected such reforms in the working arrangements 
of the companies as under the circumstances might 
be reasonably expected, and concludes his remarks 
under this head in the following terms: ‘* Assum- 
ing, however, for the present that it has done so, 
the duties of this Committee fall very short of the 
requirements necessary for public safety, as they are 
limited to working the traffic, leaving all other causes 
of accidents specified in Captain Tyler’s reports un- 
provided for.” ‘These he enumerates as defective 
construction and maintenance of permanent works 
and rolling stock, insufficient traffic accommodation, 
now adoption of block and interlocking systems, neg- 
lect of improved mechanical appliances in working the 
traffic—under which we presume is to be classed im- 
proved brake power—excessive hours of labour, &c. 
‘* It must be evident, therefore, that in any case if 
the public safety is to be effectually provided for, 
some further means must be adopted than those 
comprised within the duties of this committee, and 
I shall hereafter direct attention to the effect their 
management has had in promoting safety in railway 
travelling.” 

In considering next the powers of the Board of 
Trade Mr. Galt forcibly points to the fact that before 
sanction is given for the opening of a line, anything 
which may be required by the inspecting officers to 
be necessary and requisite for safety must be pro- 
vided ; ‘‘ but when that sanction is once given, the 
powers of the Board cease entirely. Works which the in- 
specting officer required to be completed before permission 
was given to open the line may subsequently be set aside, 
yet the Board of Trade is powerless for any remedy. 
Colonel Yolland has quoted some cases in illustra- 
tion of this statement.” The duties of the Board 
of Trade in 1844 and subsequent changes are then 
reviewed, and the effect of an extension of the exist- 
ing powers entrusted to that de ent considered. 
The conclusion arrived at by Mr. Galt is that to 
adopt such a course without affording the companies 
the protection of a thoroughly competent appellant 
tribunal, would be ing ‘‘ taxation without re- 
resentation” to.an extent never before attempted 
in this country. That railway companies would 
protest against such an extension of power might 
reasonably be expected. That the general managers 
of our principal railway companies are men of great 
ability, and are competent in every respect to per- 
form the duties of their office, is admitted ; and it is 
thought that, ‘‘ No doubt if entrusted with adequate 

wers they would take pride in devising and carry- 
pe Sey every improvement on their respective lines, 
which ae ae consider conducive to public 
safety.” d here it is very justly remarked they 
have not that power, but are subordinate to their 
respective Boards, who from various reasons are 
unable or unwilling to show them the means to effect 
such improvements. This is true, but we do not 
see how a general manager can ever stand in any 
other position. He must always be the executive of 
the Board, who may retain his services or not at 
pleasure. To be effectual, whatever improvements 
are determined must be enforced either by legisla- 
tion applicable to all, which would be manifestly, as 
re many points, unnecessary, or by a discre- 
tionary power en’ to some competent autho- 
ri 


‘assing over Mr. Galt’s observations on the 
‘* Railway and Canal Act of 1854,” and the ‘ Re- 


port of the Joint Committee of Lords and Com-|p 


mons,” in which he seeks to establish a Brey eg 
for the formation of a special tribunal, and in which 
he points out that the failure of the Act in question 
was due to the want of a proper tribunal to deal 
with the cases—naturally of a special character— 
which were brought before it, we come toa con- 
sideration “of the interest of the companies as re- 
— ay in the management of their traffic.” 

stress is laid upon the that it 
is to the interest of the companies to adopt every 





available means for the prevention of accidents, and 





the question Mr. Galt asks himself is this: Does 
the sum paid in compensation by the companies exceed 
the expenditure that would necessarily be incurred for 
the avoidance of preventable accidents ? He considers 
it from two points: (1) the effect of accidents on 
the market value of ee. and (9) an approximate 
estimate of the cost that would be incurred by 
adopting the necessary means for the prevention of 
accidents compared with the sum paid for compen- 
sations, The effect of the Shipton accident was to 
reduce Great Western shares from 1113/. to 110/. 
The Thorpe accident caused Great Eastern shares 
to recede 3/., but within a few weeks of the accident 
they exceeded their previous quotation, The Rad- 
stock accident had no effect whatever on the Mid- 
land or London and South-Western shares. 

In dealing with the second point Mr, Galt looks 
into the expenditure of the companies as returned 
by them to the Board of Trade, which he reduces 
to six, and which he gives as under : 


Per cent. 

1. Locomotive power ... ak rrr} . ~=—80 
2. Traffic expenses... ‘ ine o 28 
8. Maintenance of way and works, &. ... 18 
4. Miscellaneous » general, legal, and 

parliamentary, rates and taxes, &. ... 14 
5. Repairs and renewals of carriages, 

wagons, &c. bb MY bide és 9 
6. Compensation for personal injuries, &c. 1 


100 

It is argued that it will easily be gathered from 
these statistics how far the companies have a direct 

ecuniary interest in keeping their lines safe. 

Under the head of ‘‘ recent management of the 
companies,” Mr. Galt disputes the assertion that 
the companies are now convinced of the necessity of 
a thorough reform of their system of ee 
and are adopting pe Sgr to provide for the 
safety of the public. To this end he reviews the 
facts associated with the Radstock accident, those 
of the Long Ashton accident, and the condition 
of the line as subsequently displayed by the 
report of Captain Tyler, from which he quotes : 
as The state of the line is a subject of much com- 
plaint from the platelayers, who have great difficulty 
in keeping it in tolerable order, and find it impossible 
to maintain it in good condition. They find it im- 
possible to keep the bolts tight, or properly to main- 
tain the line and level of the rails.” Mr. Galt re- 
marks that the Long Ashton was the third accident 
within a short period to the ‘‘ Flying Dutchman,” and 
he again quotes from Captain Tyler’s report, ‘‘ These 
three accidents have all been due to defects in the perma- 
nent way.” An accident reported in the Zimes of the 
2nd November last, between Blandford and Wim- 
borne, on what was formerly the Somerset and Dorset 
line, furnishes the following information as to the 
condition of that line of railway at the time: 
“ When the train was brought to a standstill, the 
front van which had left the rails was found to be 
within a few inches of the embankment, and the 
sleepers were so rotten that in very many cases they 
could be broken to pieces between the finger and thumb.” 
The Brierfield accident on the Lancashire aad York- 
shire Railway affords grounds for reviewing the 
manner in which the signals are worked. ‘That at 
Bletchley | naturally leads to the reproduction 
of Colonel Yolland’s remark : “ The driver of the 
11.5 P.M. down goods train has been dismissed the com- 

y's service, but in my opinion the collision must be 
set down to the company’s faulty arrangements for work- 
Hf excursion traffic, and to the use of hand signals at 
Bletchley south cabin”’ The facts of the Arlsey 
accident, upon which we dwelt at page 31 anie, 
provide a further instance of insufficient regulations, 
the knowledge of which, it might be added, was not 
unknown to the company on whose system the 
accident arose, as is instanced by the fact that im- 
mediately after it the regulations were amended, 
It is remarked that these accidents arose on five 
of the principal railways of the cm my and that 
in the causes which produced them there appears to 
be a curious combination of almost every preventa- 
able‘cause by which accidents are produced—want of 
roper regulations, non-enforcement of discipline, 
overwork and under-pay of eae ny ore werd 
of incompetent persons in ible situations, 
excessive speed, and defective permanent way. 
erty to the appointment of the railway com- 
mittee Mr, Galt argues that there is but one satis- 
factory conclusion to be drawn from it, viz., that 
the companies themselves, by the course they have 
taken, fe erp rp Bove 1 aA some controlli: 
authority ga over railway management, 
“Tt is u of two years since the committes 
was @) ted, and an opinion can now be formed 
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(1) whether it has been successful in carrying out 
the object for which it was constituted, and (2) if 
there is sufficient evidence of the necessity of such 
an authority being appointed independent of the 
companies,” 

{n considering the question of Government inter- 
ference with railway regulation Mr. Galt points out 
that the Legislature interferes in the management 
of factories, workshops, mines, ships, and other 
undertakings, to ‘the extent which it considers 
necessary for the public good as regards health or 
safety, and that although protection has in these 
cases been mainly confined to the workmen and 
servants em eek it would with regard to railways 
take a much more extended range and affect the 
whole population of the United Kingdom, ‘as there 
is no class of the community not deeply interested 
in the adoption of every means available to promote 
safety in travelling by railway.” 

Important as are the remarks of Mr, Galt on 
other points, they are equally worthy of consider- 
ation when dealing with the subjects which it is 

roposed shall be dealt with by the appellate tribunal. 
These will be found at pages 131 and 147 ante, and 
need not be repeated here. ‘‘If the recommenda- 
tion of the Commission be adopted, but nothing 
more, the companies will still be at liberty to leave 
their respective lines in an unsafe state.” We have 
ourselves pointed out the difficulty which would at- 
tend the Government obtaining a knowledge of the 
defective condition of a line, so as to enable the 
Board of Trade to take action under recommenda- 
tion 3 of the report, yet it is necessary if accidents 
are to be anticipated that such a knowledge should 
be obtained. It is hardly to be eupetel the rail- 
way open by own Officers will direct attention to 
it. The public who may travel over it will scarce 
be in a position to judge of its condition until too 
late. We repeat then that we see no way of meet- 
ing this important portion of the subject, except by 
instituting a periodical inspection. That this will 
cast greater responsibility upon the department by 
whom the inspection is carried out there is no doubt, 
but so long as the officer selected for the duty is 
competent to the work, and performs his duty with 
fairness, we do not believe such interference would 
prove objectionable. The value of such an inspec- 
tion is instanced in that to which we have recently 

iven some publicity, viz., the examination of the 

ristol and Exeter portion of the Great Western 
system. The recognised bad condition of the line 
was shown by the efforts made to put it in repair 
when the inquiry was started. How long it might 
have remained in this state it is impossible to say, 
had notthe examination been decided on. We are 
not, of course, in a position to say that the Somerset 
and Dorset line is in an analogous condition, but 
judged from Mr. Galt’s observations there would 
seem good cause to doubt if it is in the least degree 
better. 

The observations of Mr. Galt have an important 
bearing on the subject of the report. His argu- 
ments are well conceived and forcibly told. Sup- 
ported by the facts upon which he builds them they 
cannot fail to have weight with all who care to 
study the question of our railway management, and 
to consider in all their bearings the proposals put 
forward in the report as to the most desirable means 
for preventing that loss of life to which railway 
travellers and those engaged in railway working are 
subject. Mr, Galt’s paper may be regarded as a 
very important supplement to the report itself, and 
as supplying much of the argument upon which 
many of the resolutions arrived at by the Commis- 
sion have been based; and in it Mr. Harrison’s 
observations have met with a most complete re- 
joinder, 

Lord De la Warr’s observations are short and to 
the point. He considers that the present powers of 
the Board of Trade should not be increased ; that 
those powers should be clearly defined, and if 
necessary be further legally sanctioned. That the 
Board of Trade should continue to recommend to 
railway companies the adoption of what they deem 
necessary for the public safety, and in the event of 
non-compliance on their , that the Board 
should be enabled to refer the question to a court 
of appeal for final decision. That this court should 
be opened to appeal from either the Board of Trade 
or the railway service. That where there is an in- 
crease of traffic disproportionate to the accommo- 
dation originally provided, there should be addi- 
tional lines for goods and minerals. That it should 
be made obligatory on railway companies to enlarge 


ments of the traffic; to adopt the telegraph block 
system, exempting lines which are used for goods and 
minerals only, and such passengers lines as are worked 
by one engine in steam at one time (the italics are 
our own), to apply interlocking of points and 
signals, and to extend this locking to gates at level 
crossings of highways, where possible ; to employ 
sufficient brake power upon all passenger trains (the 
italics are our own) with due regard to speed and 
inclines to bring them to a stand in a distance not 
exceeding 500 yards, and that the engine driver, as 
well as the guard, should be able to apply it. That 
it should be obligatory upon all railway companies 
to adopt wheels constructed upon the improved 
method of tyre fastenings for engines and carriages 
of passenger trains. That station platforms should 
be adapted to the carriage footboards, and that 
these should be made continuous. That periodical 
reports should be made to the Board of e by 
railway companies of the state of the permanent 
way, tunnels, and bridges, and that the Board 
should be empowered to make such orders as may 
be deemed necessary for the public safety upon 
these respects. That the attention of railway com- 


we must plead our inability to find a reason why the 
improved brake power, on the prescribed improved 
limitation of 500 yards, should be confined to 
passenger trains only. Has Lord de la Warr 
pictured to himself the result of a passenger train 
| at a station ———— by the block, with 
a heavy fast goods bearing down upon it, controlled 
only by the ordinary brake stenting en a dense fog 
and y metals prevailing? We fear not. 

e should have been glad to have dealt more 
fully with many of the points raised in the report 
and in our remarks, but our consideration of the 
subject has already extended to a considerable 
length. There are, however, still points which will 
bear further discussion, and to them we hope to 
return as occasion offers. 


NEW RAILWAY ROLLING STOCK. 

THE railway companies of Great Britain and 
Ireland spent between them close upon 3,000,000/. 
in the purchase of new and additional rolling stock 
during the past oy The following is an analysig 
of the value of the additional rolling stock acquired 
in 1876 by some of the principal companies : 









































3 s , 
He ; | fe] g 
CoMPANY. a3 ; Be £ . 
5 | as ss; 3 | 3 
ae i) e = nD a 
£ £ £ £ £ £ 
Belfast and Northern Counties Ms - 300 8,155 - ose 8,455 
Caledonian ... ove we +s - on 23,340 5,549} 134,600 ; 2,824 | 165,813 
Cambrian i... Kap dus hai ‘ eve a 656 480 “ 145 1,281 
Dublin, Wicklow, and Wexford ... we a se ae 4} 11,494 11,498 
Furness iin _ eee ‘ies aa 2,729 on 35,124 a aan 37,853 
Glasgow and South-Western (to June, 1876) a 7,500 33,470 aa kas 40,970 
Great Eastern - ae coe na 52,600 | 47,675 44,654 | 12,081 733 157,743 
Great Northern eee oe ese eee eee 187,327 12,536 30,770 3,3 87 366 186,386 
Great Northern of Ireland ... we ose i 239 eee 12,163 ‘ae 1,547 19,949 
Great North of Scotland (year ending June, 1876) 10,567 | 2,403 12,875] a 415 26,260 
Great Southern and Western eco aa ie 6,770 ane »5i ose one 14,293 
Great Western on ‘in ose 54,066 | 43,935 24,915 aid ane 122,916 
Highland (year endi une, 1876) 900 238 5,379 610 san 7,127 
Lancashire and Yorkshire ... ha 11,778 941 ,651 aa 5,214 53,584 
London, Brighton, and South Coast 36,400 | 36,000} 171,459 911 | 244,770 
London, Chatham, and Dover... 20,000 | 3,000 50,159 73,159 
London and North-Western 26,218 | 37,852 433 88,503 
London and South-Western ese 55,000 | 15,000 29,742 99,742 
London, Tilbury, and Southend ... . 10,000 10,168 oe 20,168 
Manchester, Sheffield, and Lincoln 52,240 | 11,300 39,064 <i 102,604 
Maryport and Carlisle me ooo ‘ = 228 228 
Metropolitan .. : ea on me 1,178 1,178 
Metropolitan District 15,800 _ dies a és 15,800 
Midland ne oe $26,690 | 145,345 9,481 | 53,658 it 535,174 
Midland Great Western 16,662 ae 26,386 ‘ie mm 43,048 
North British... on 40,190 2,932} 115,600 2,973 | 161,695 
North-Eastern " 76,701 | 23,196} 215,293 ie 315,190 
North London ee o 8,330 on 6,250 ous 14,580 
North Staffordshire ... ‘ 12,000 5,590 as ae 17,590 
Rhymney ove os : e oe 3,533 2,724 des 6,257 
South-Eastern * a 54,153 | 25,876 1,200 882 82,111 
Taff Vale... ial ° a ; * 4,250 fa pas 303 4, 
Waterford and Limerick ... ee ° pt 11,055 i 11,694 511 28, 
Whitehaven, Cleator, and Egremont oe a 800 72 ee 872 
Total .| 1,062,005 | 442,157 | 1,099,484] 69,740 | 31,224 | 2,704,610 





panies should be directed to the advantages to be 
obtained from punctuality in the running of their 
trains. That attention be directed to the necessity 
for slackening the speed of trains when passing 
through stations where there are numerous points. 
That the adoption of a uniform code of signals shall 
be made obligatory. That the importance of the 
enforcement of strict discipline, and the supervision 
of responsible officers where dangerous work must 
be done, cannot be too a | urged; that fly 
shunting should be discontinued where possible ; 
and that the question of compensation for accidents 
to railway servants claims the serious attention of 
the Legislature, whether there might not be an 
alteration or extension of the existing law which 
would enable railway servants to obtain compensa- 
tion for accidents, which have been caused by want 
of care or precaution on the part of their employers, 
or of any person acting with their authority. ‘This 
concludes the report. 

To Lord dela Warr’s remarks we have simply to 
observe that we cannot see why lines used, as he 
proposes, for goods and mineral trains only, should 
not be protected by the block as well as passenger 
lines, ere would not of course be the same loss 
to life with a goods as with a er train 
collision, because in the former there would not be 
so large a number to share its effects, still it may 
be assumed, we presume, that the lives of the men 





station accommodation in proportion to the require- 





The apportionment of the gross amount to the different classes of stock is in some cases approximate only. 


Compared with the additions made in past years 
the new stock supplied in 1876 shows a larger pro- 
portion of engines and a slight diminution in pas- 
senger train vehicles, while the wagon stock is being 
increased at much the same rate as for some years 
back. The average cost of the new rolling stock 
now being supplied is, however, considerably in 
excess of former averages, Tender engines were 
supplied to the North British last year at a price of 
9871/. each engine, at_2777/. to the Midland Great 
Western, at 2763/. to the Waterford and Limerick, 
and 2729/. each to the Furness Company. As much 
also as 2800/. each appears to have been charged for 
thirteen tank engines added to the Brighton 
Company’s stock, and six tank engines of the District 
Company’sare charged for at the rate of 2633/. each, 
Fifteen composite and coupé carriages for the Great 
Northern are charged at 599/. each, and luggage 
brake carriages 328/. to the Cambrian. ‘Three 
covered carriage trucks cost the North British Com- 

y 153/.each. Open goods wagons cost the Great 
Romh of Scotland 111/., the Furness 99/., and the 
Great Northern 82/. per wagon; while covered 
goods wagons, the demand for which has largely in- 
creased, averaged 117/. yong, Oe thousand mineral 
wagons were supplied to the North British line at 
72/. each, and a number of goods brake vans at 
1702. each. Fifty cattle wagons cost the North 


London Com 195/. each. A sleeping carriage 
was sab at y Sen the North British to the Asso- 





working such trains are worth something! Again, 




















AprIL 13, 1877.] 


ENGINEERING. 





291 





ciated East Coast Joint Stock at a valuation of 
13502. 

Among the sundry amounts disbursed by the com- 
anies in 1876 we notice 53,000/. by the Midland 
or additional machinery for amen and 12,000/. 

by the Great Eastern for the same object. An en- 
gine weighing machine cost the Waterford and 
Limerick Company 484/., the electric system of com- 
munication between passenger and guard cost the 
Brighton 911/., and fitting the vacuum brake to an 
engine and seven carriages cost the Taff Vale Com- 
pany 257/. The North British, South-Eastern, and 
some other companies have likewise charged small 
amounts to capital under the head of brake trials, 
The rolling stock taken over from the Sirhowy line 
by the London and North-Western Company is 
brought into the latter company’s return and valued 
as follows: 

Engines. Carriages. Wagons. 

9 13 27 


Number 
Value eee 18,0007. 20007. 12001. 
Average value 20001. 1541. 451. 


The largest purchasers of new stock were the 
Midland, who spent over half a million in the year, 








TYPE PRINTING TELEGRAPH 
INSTRUMENTS. 

Tue subject brought before the Society of Tele- 
graph Engineers on the 14th ult.—the ‘ Type Print- 
ing Instruments employed by the Exchange Tele- 
graph Company”—was one of interest as illustrating 
a method by which a universal distribution of news 
may be effected in a readable form. As is no doubt 
pretty well known, the Exchange Telegraph Com- 
pany was established mainly for the ready circulation 
of Stock Exchange prices and variations. ‘The ordi- 
nary telegraph, whether of the Morse, needle, or 
other form of instrument, would accomplish this as 
readily and as accurately as does the apparatus 
dealt with by Mr. Higgins in his paper on the 
above subject ; but any one of these systems would 
necessarily entail the services of an experienced 
telegraphist to operate the instrument and to trans- 
late the characters recorded by it. Such a condi- 
tion would naturally prove obstructive from a com- 
mercial point of view, or, at all events, if not ob- 
structive, restrictive in the number of users, as it 
must perforce increase the cost of the supply. The 
instrument used by the Exchange Telegraph Com- 
pany prints its communication in bold Roman 
capitals, or figures, as may be required, It is self- 
starting, and thus claims no attention on the part 
of the receiver or subscriber to whom the news is 
sent, who whether out of his office or in it, has 
merely to pick up at convenience the slip of paper 
on which the communication is printed and read off 
its contents as he would any other printed matter. 

The form of instrument, though not generally 
known in England, is yet extensively used in 
America. Its origin is to be found in a form of 
step-by-step type-printer invented by Mr. E, A. 
Calahan, of New York, in 1867. Three wires were 
first employed to operate it. Modifications and im- 
provements have, from time to time, been effected, 
of which that known as the Phelps and Manhattan 
are instances both as regards its mechanical and 
electrical parts, They are more rapid in working, 
but they are also more delicate and complicated 
than the substantial and simple forms of Calahan 
and Edison. The latter requires two wires, one to 
work the type-revolving, and the other the printing, 
apparatus. When more than one circuit is worked 
from the same transmitter relays are introduced, 
and these tend to reduce the speed at which the 
apparatus can be worked with reliability, owing to 
the disintegration of the relay contacts due to 
what is known as extra currents from the magnets 
in circuit, changes in the duration of the impulses 
due to the mechanical and electrical inertia of the 
relays, and the difficulty of sending more than ten 
pulsations per second, due to the distances at which 
the relay contacts had to be set when the sparks 
discharged from the line are of any great intensity. 
Efforts made to improve the transmitting appa- 
ratus, were attended with but partial success, 
Twenty-two revolutions of the type-wheel per 
minute only could be effected ; and a change in its 
construction was found to be necessary Sefer a 
further increase in speed could be hoped for. Ac- 
cordingly to this Mr. Higgins’s attention was di- 
rected. His first step was to halve the number of 
teeth in the escapement wheel of the receiver, and 
80 arrange that for the attraction of the 
wheel armature the wheels should advance hy 


tance equal to one character, and for its recession 





another. To this purpose it was necessary that 
while one battery supplied both lines, a current 
should be sent on the “printer” line at certain 
times when the current was flowing, through the 
‘‘ type” line, and again at certain times when it was 
not. This differed from the old form in that with 
it no current whatever traversed the ‘ type” wire 
at the time a current was passed through the 
“ printer” wire. 

This done Mr. Higgins next turned his attention 
more particularly to the electrical arrangement of 
the receiving apparatus, It is generally understood 
that whereas the strength of an electro-magnet 
varies as the square of the length of its cores, the 
time required for magnetisation, and consequently 
for demagnetisation also, increases with the length 
of such cores. Hence the number of defined pulsa- 
tions which can be obtained from such a magnet 
varies according to the length of its cores, the 
shorter having the advantage, and this fact was 
turned to account in the present instance. Other 
improvements having for their object the elimi- 
nation of induced currents, were also effected. 
A point of considerable interest is the fact, 
elicited by Mr. Higgins in his investigations for the 
improvement of this form of apparatus, that cores 
of electro-magnets hollowed out in the centre to 
within a short distance of the top, to within one 
third of their diameter, and the closed cylinder thus 
formed split to prevent the formation of induced 
currents, and annealed without coming into contact 
with the air, possess, if anything, greater attractive 
power than do those of the solid form. It is stated 
that electro-magnets so constructed have responded 
correctly to 2700 currents (with reversals) per 
minute. Improvements in the escapement, in the 
relay contact points by the employment of a con- 
denser to receive and return back into the line the 
extra currents induced in the electro-magnets and 
others of an auxiliary character, combined with 
those already indicated, resulted in the attainment 
by the Exchange Company of a much higher [speed 
than was hitherto possible. The instruments thus 
modified are capable of a maximum speed producing 
80 revolutions per minute with from 25 to 45 re- 
ceivers in circuit. By the employment of an auto- 
matic switch arrangement fixed at the receiving 
station one wire only need be employed, and by the 
same means the communication may be confined to 
two classes of subscribers, that sent to the one being 
cut off from the other. 

The paper further entered into an accurate de- 
scription of the automatic transmitter employed, 
the localisation of faults and other points of interest, 
and was well illustrated by diagrams and apparatus 
in work, At its conclusion a short description of 
the auto-kinetic telegraph for fire and police alarms, 
&c,, was read, and the discussion on Mr, Treuenfeld’s 
paper on fire telegraphs referred to in our impres- 
sion of the 23rd ult., at page 223, resumed. 





THE IRON AND STEEL INSTITUTE.* 
IN our third notice, which we published last week, 
of the London meeting of the Iron and Steel In- 
stitute, the limits of our space would allow us only 
to mention in conclusion that on Thursday, the 
22nd ultimo, two papers were read, the first by Mr. 
Kirk ‘“‘ Upon Puddling Furnaces and their Products” 
and the second ‘“‘ Upon Welding,” which appeared 
in extenso in these columns three weeks pent 
Mr. Kirk’s paper, which we published in extenso 
on page 276 of our last number, was a supplementa 
one to that read by the same author on the 20t 
of September last at the meeting of the Insti- 
tute, which was held at Leeds, and which we 
published in extenso at the time ;{ but as it dealt 
almost exclusively with the remarks that were made 
during the _—— of the discussion on his first 
paper, which took place at Leeds six months ago, 
and more especially with the criticisms of Mr, Snelus, 
it is hardly suitable for rendering in abstract. 
It was in fact a defence of the opinions he expressed 
in his first paper, and concluded by saying that, with 





* Errata.—In our last week’s notice of the proceedings 
of the Iron and Steel Institute in reference to the experi- 
ments upon the corrosion of iron and steel conducted by 
the Committee appointed by the Admiralty for the 
investigation of that subject, we erroneously referred to 
Captain Murray Aynsley, C.B., the chairman of that 
Committee, as ‘‘ Captain Ainslie,’’ and, by a printer’s error, 
in connexion with the same experiments, the word “ pul- 
verised’’ was printed for decarburised in reference to 
Cammell’s shed 
237 ante. 





} See ENGINEERING, 
See ENGINEERING, vol. xxii., page 264. 


ct to the science of puddling we are as much 
in the dark as ever, and urging upon the Institute 
the importance of a thorough investigation of the 
subject in order to set all speculation at rest. There 
would, the-author said, be no difficulty in such an 
investigation, but the expense would be too great 
for any: private individual or small firm to under- 
take, though very small indeed if divided among the 
members of the Institute. 

Mr. Richard Howson then read his communica- 
tion ‘‘On Welding,” which we published ix eutenso 
a fortnight ago.* This, too, like the last, was asup- 
plementary paper to one read at the Leeds meeting, 
and which we published at the time.+ 

After referring to his former communication, in 
which he had called attention to the fact that the 
various operations involved in the manufacture of 
wrought iron constituted in principle a process of 
welding, the author in his supplementary paper 

roceeded to reply to the remarks made by Mr. I. 
wthian Bell, M.P., in the course of the Leeds 
discussion.{ Mr. Bell stated on that occasion that 
in the process of welding a flux is not necessary, 
and in support of that opinion he cited the case of 
the metal platinum, which, at a certain temperature 
welds most perfectly by simple metallic contact, To 
this the author replied that nothing could better 
confirm the views he expressed than this example, 
for as platinum is an unoxidisable metal, no film of 
oxide can be formed upon its surface to interfere 
with its union during the process of heating. If 
there be no oxide formed to require a fiux for its 
removal, it would be superfluous to employ one. 
The case of platinum is in no way parallel to that 
of iron, which is on the contrary highly oxidisable, 
and its oxide is of a very refractory nature when 
pure, although a very small addition of silica in 
the form of flux imparts to it comparative fusibility. 

In order to render the welding of iron parallel 
to that of platinum it would be necessary to preserve 
it from oxidation during the process of heating, in 
which case it would be perfectly possible to weld 
two pieces of iron together without the use of a 
flux at all, in much the same way as two pieces of 
perfectly clean lead may be united even without 
the application of heat, In support of this view 
the author mentioned two very conclusive experi- 
ments. ‘Two pieces of cast steel were planed and 
surfaced accurately together. They were then 
placed face to face together, bound round tightly 
with soft iron wire, and luted round the edges with 
fireclay to exclude the air. Having been heated in 
a forge fire to a welding heat they were subjected to 
a few blows from a sledge hammer, and the result 
was so perfect a weld that, when cut through, the 
course of the junction could not be detected. This 
was an instance of welding by unalloyed metallic 
contact, and was perfectly parallel to that of the 
union of platinum. 

To demonstrate, on the other hand, the influence 

which an intervening film of oxide would have upon 
the process, a second pair of pieces of cast steel was 
prepared exactly similar to the last, but before 
putting them together their surfaces were painted 
with a thin film of jeweller’s rouge (sesquioxide of 
iron, Fe, O,). They were then bound together, 
luted, heated, and hammered as the other pair had 
been, but on being cut through it was found that 
no weld had taken place at all, This second expe- 
riment the author quoted as an exact parallel to the 
case of attempting to weld two pieces of cast steel 
by heating them separately, and without the use of 
a flux, ‘lhe oxide formed by the oxygen in the 
blast uniting with the heated metal would be as pure 
as the artificial oxide applied in the form of rouge, 
and besides being quite as unfusible, there would be 
a great deal more of it, but by the use of sand, or 
other silicious flux, this oxide is rendered fusible, 
and so may be eliminated. 
Referring to the subject of machine puddling, the 
author considered that by far the best lining for a 
revolving furnace, in fact in his opinion the only 
admissible one, is the purest oxide of iron that can 
be procured. ‘Thissubstance isvery highly refractory, 
and though that property is of great advantage for 
its own preservation it possesses certain disadvan- 
tages with respect tothe puddling process itself. 

Speaking of chemical mixtures known by the name 
of physic” supposed to be efficacious for the so- 
vg ‘* purification” of iron and steel, the author 
very much questioned whether any of them improve 
the quality of the metal beyond what the fettling 


* See ENGINEERING, page 237 ante. 
+ See ENGINEERING, vol. xxii., page 263. 








t See ENGINEERING, vol, xxii. page 268. 
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can effect alone, and he thought their only utility 
was in assisting to impart fluidity to the cinder, by 
which it becomes more readily expelled from the 
bloom during the process of hammering. . 

From the author's experience in the elimination 
of phosphorus he considered that the best results are 
obtained where sand is present. That experience 
had confirmed the fact that agitation played as im- 
portant a part as heat in the expulsion of that 
substance, and was an essential element in successful 
puddling. 

At the conclusion of Mr. Howson’s paper the 
meeting adjourned for luncheon, and on reassem- 
bling the discussion on the papers of Mr. Kirk and 
Mr. Howson was opened by Mr. Head, of Middles- 
brough, who said, with reference to the influence 
of the presence of phosphorus in iron, that good 
Cleveland forge pig contained sometimes as much 
as 1.75 per cent. of phosphorus, He had had 
several samples analysed of Cleveland iron that 
worked badly, as well as of that which worked well, 
and the average showed that the badly working 
iron contained 2.461 per cent. of silicon, 1.869 per 
cent. of phosphorus, and 2.48 per cent. of sulphur. 
Of the iron that worked well he found that the 
average gave a percentage of 1.48 for silicon, of 
1.668 for phosphorus, and of .227 for sulphur. It 
had always been a matter of surprise to him that 
iron containing so high a percentage of phosphorus 
as 1.75 could, under any circumstances, work well. 
He had compared by analysis bad working pig with 
good, and while each contained the same average 
percentage of silicon, the former contained a larger 
proportion of phosphorus, he therefore attributed 
the bad quality of the iron to the presence of phos- 
phorus. 

Mr. Riley remarking upon the relations of silicon, 
carbon, and sulphur in pig iron, said that if there 
exist a high percentage of carbon in iron there 
cannot be much of either silicon or sulphur. If 
carbon goes up silicon goes down, and if carbon 
goes up sulphur goes down, in fact carbon and 
sulphur cannot possibly exist in any quantity to- 
gether. He considered the colour of pig iron was 
due entirely to temperature, and in support of this 
view he quoted an experiment made by Mr. I. 
Lowthian Bell. Mr. Bell took a sample of white 
iron and by heating it toa considerable temperature 
he converted it into grey iron. The influence of 
manganese in iron was to increase its capability of 
absorbing carbon, a most valuable property, for 
by keeping the carbon in, deleterious substances 
are kept out, and therefore in the manufacture of 
pig iron as much carbon as possible ought to be 
got into the metal. He had found that white 
Swedish iron contains 4 per cent. of carbon. 

Mr. Baker, of Sheffield, said he had made some ex- 
periments upon theinfluence of chlorine in eliminating 
phosphorus from pigiron. Having meltedabout 3 lb, 
of pig iron in a graphite crucible he passed a stream 
of chlorine gas through it, introducing it at the 
bottom through the stem of a tobacco pipe ; by this 

rocess he had eliminated the phosphorus, but he 
ound that when the same experiment was conducted 
in a clay crucible no effect was produced. 

Dr. Percy, F.R.S., said that he need not remind the 


members of the Institute that after working a blast | poss: 


furnace for a long period, a mass of metal collected 
on the hearth bottom which was called a “ bear.” 
This was melted out by the hot blast with the addition 
of lime to the coke fuel, He had brought with him 
a specimen from such a bear, and upon analysis he 
had found it to contain no levs than 15.83 per cent. of 
silicon, which was the largest amount he had ever 
met with in any similar product, but its carbon was 
only .787 per cent. The mass was full of holes, 
notwithstanding the large proportion of silicon. 
The following was its composition : 


Silicon 

Carbon... 

Phosphorus 

Sulphur. 

Manganese... 

Copper 

Calcium 

Aeaeeee 

Aluminum 

Dr. Percy was inclined to believe that arsenic 
is more commonly present in iron ores than 
has been supposed. Some years ago Mr. Mushet 
had snpelied him with a specimen of Cumber- 
land hematite which he had, by heating it in 
charcoal, reduced entirely to the metallic state. 
Being anxious to know how it would work under 
the hammer, he had it forged by an experienced 


smith. During the forging the strong and charac- 
teristic odour of metallic arsenic was given off in 
large quantities. He thought it most desirable 
that iron ores should be examined for arsenic, and 
he therefore brought the matter before the Institute 
as a subject well worthy of the investigation of 
those members who are skilled in chemical analysis. 

Mr. Riley said he had made steel from Cumber- 
land hematite, and the steel, when worked, yielded 
the odour of arsenic as described by Dr. Percy, but 
the presence of arsenic made the steel brittle and 
useless. His own experience did not lead him to 
think that arsenic is often to be found in iron ores— 
although he had examined them very carefully. _ 

Mr. Snelus, in answer to some remarks made in 
Mr, Kirk’s paper in which the author challenged 
the correctness of some of the figures given by the 
commissioners (of whom Mr, Snelus was one) who 
went to America to examine and report upon the 
working of the Danks furnace, said that the analyses, 
owing to the limited time at their disposal, were 
very hurriedly taken, and they did not claim that 
those figures were absolutely correct. He con- 
sidered that a fresh series of experiments bearing 
upon the question should be conducted. 

Mr. J, A. Jones (the otber commissioner), made 
a few remarks in reply to Mr. Kirk’s paper, and 
called attention to the results obtained by Messrs. 
Hopkins, Gilkes, and Co., as proving that rotary 
puddling had been much improved during the last 
few years. 

Mr. Hopkins believed that his firm (Messrs. 
Hopkins, Gilkes, and Co., of Middlesbrough) was 
the only one who made rails by the Danks process, 
which as regards the elimination of phosphorus was 
so eminently successful that the presence of phos- 
phorus never gave them any trouble whatever. He 
believed it was perfectly possible to get rid of phos- 
phorus altogether in the Danks furnace. He at- 
tributed a very large share of their recent success 
to the cordial co-operation of their workmen, who 
although they had at first looked upon mechanical 
puddling with suspicion, had recently taken to 
it entirely, and had done all they could to aid the 
firm in making it a success. 

During the last 36 weeks, with five furnaces they 
had made 7170 tons of iron, which was equal to an 
average of close upon 200 tons per week, and with 
seven furnaces at work they had turned out 290 tons 
per week. One of the difficulties they had had to 
contend against was the claims of persons who 
alleged that the process was an infringement of 
their patent rights ; and, to show the preposterous 
nature of some of these claims, he instanced the case 
of a man who because he held a patent for the em- 
ployment of salt in furnaces, threatened them with 
all sorts of pains and penalties because they used, 
for cooling the lining of their furnaces, Tees water, 
which at the time of flood tide was largely mixed 
with sea water and therefore contained salt. 

With respect to welding he did not pretend to be 
ascientific man, and, therefore, he had no theory on 


the subject, but he would tell the members the/| Pp 


result of some of his practice. Twelve months ago 
his firm supplied to a certain railway company 
1000 tons of rails, in which as many welds as it was 
ible to put into them were made; 250 tons of 
those rails had been laid down on a part of the 
line where the traffic was very heavy, and, though 
they had been in use for twelve months, only two 
of the rails were at present showing any signs of 
wear whatever. 

Mr, Farnworth, in reference to what had been said 
respecting arsenic, said that he once had some iron 
which rolled very well into bars but would not weld. 
When it was put into the forge the powerful odour 
given off proved that it contained arsenic, but he 
could not say whether or not it was due to the in- 
fluence of arsenic that it could not be welded. 

Mr. Maynard, of New York, made some remarks 
relative to the history of fettling, and said that the 
use of ore for fettling purposes was by no means 
new, but had been used extensively in the United 
States for the last twent; years. 

Mr. Price (of Woolwich Arsenal), who-read his 
remarks, said that homogeneity in wrought iron was 
to be looked for only in the bloom, and in its direct 
product, and that the process of piling destroyed its 
continuity of structure and reduced its strength. 
He denied the truth of the theory that iron in the 
puddled ball was not favourable for welding, on the 
contrary, in no subsequent of its manufacture 
was it so good. He considered Mr. Howson in his 
paper had very much over-estimated the value of 





a weld, and of its tensile strength. In his opinion 


the only method of testing the value of welding in 

a bar was to have the line of weld at right angles 
to the direction of the strain, and the sectional area 
of the welded portion the same as that of the bar 
itself. What he wished to point out was (1) that 
piling promoted weakness; (2) that a weld could 
not be depended on for a greater strength than half 
that of the iron of which it was made; (3) that 
iron was most uniform when made direct ; and (4) 
that when properly puddled the larger the bloom 
the stronger would be the product. 

Mr. Crampton said that no bars will stand a 
tensile strain of more than 12 tons on the inch 
across the weld. He exhibited a large number of 
specimens of iron and steel made by his own 
process, among which was an armour bolt that had, 
by stretching, been reduced in sectional area as much 
as 25 per cent. 

M. Deby (of Brussels), who has succeeded the 
late Mr. David Forbes as foreign secretary to the 
Institute, drew attention to M. Hamoir’s process, 
which consists of blowing hot air through the 
melted pig as it issues from the blast furnace. It 
had, he said, three things to recommend it to the 
iron manufacturers of this country. In the first 
place it was not patented, and therefore its adoption 
was subject to no royalties. Secondly, the cost of 
adapting it to any blast furnace did not exceed 30/., 
and lastly the iron produced by it was of a very 
excellent quality. 

Mr. Kirk, in the course of his reply to the dis- 
cussion, remarked that the reason practical men did 
not take kindly to theories was use they so 
seldom worked out in practice.. What was wanted 
was a combination of scientific men and practical 
men to make a thorough investigation of the science 
of puddling, and to induce such an inquiry to be 
made was one of the objects he had in bringing his 
papers before the Institute. In his opinion very great 
credit was due to Messrs, Hopkins, Gilkes, and Co., 
for carrying out, in the face of so many difficulties, 
the Danks process, but he thought they would have 
accomplished it in a much shorter time if a scientific 
investigation had been made first. 

The President, having proposed a vote of thanks 
to both authors for their papers, called upon Mr. 
Simon to read his paper ‘‘ Upon Chaudron’s Method 
of Shaft-sinking through Water-bearing Upper 
Strata.” 

This paper described at considerable length 
M. Chaudron’s system of sinking shafts without 
the use of pumping. The work is done entirely 
from the surface of the ground, no men having to 
enter the shaft until it is finished and dry. During 
the process the water remains in the shaft, and is a 
necessary element in the working of the system. 
As the subject of Mr. Simon’s paper has only an 
indirect bearing upon the general objects of the 
Iron and Steel Institute, and as we have on 
a former occasion described M. Chaudron’s system 
in these columns, we do not think it necessary to 
refer at greater length to Mr. Simon’s paper on the 
resent occasion. ; 

After the reading of this paper the foreign secre- 
tary briefly described a form of chair for railway 
rails which formed the subject of a communication 
from Mons. J. L. Weyers, of Belgium, which was 
taken as read, and the President having proposed a 
vote of thanks to both authors for their papers, 
postponed the discussion upon them till the New- 
castle meeting. 

After the usual vote of thanks had been passed 
to the President and Council of the Institution of 
Civil Engineers for their courtesy in again placing 
their rooms at the disposal of the Institute, 

Mr. Williams (of Middlesbrough) proposed a 
cordial vote of thanks, which was duly seconded and 
passed unanimously, to Dr. Siemens for the able 
manner in which he had presided over the meeting, 
and Dr. Siemens having returned thanks, the Spring 
meeting of the Iron and Steel Institute for 1877 
came to an end, and it is not too much to say that 
for the attendance at its meetings, the value of its 
papers, and the importance of its discussions, the 
meeting that has lately been held in London has 


never been surpassed. 
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first treats of ‘‘ Some of the more common Forms 
‘‘ of Nuisance and their Remedies,” while the second 
is devoted to drainage, and the third to water sup- 
ply, and in each of these sections we find our author 
giving good practical information. 
Under the title of ‘‘Some of the more common 
‘Forms of Nuisance,” the first part deals with 
igstyes, slaughter-houses, privies, and cesspools, 
bad air in houses, dirty houses, dampness of houses, 
the storage of rain water, and the contamination of 
well water, and in each case the information given 
is just that which is so often wanted by those who 
have the management of house property in villages 
and the smaller towns, the author’s remarks being 
illustrated by many sketches of constructive details. 
The second part, under the head of ‘‘ Drainage,” 
treats of house drains and sewers, the arrangement of 
outbuildings of small houses, paving materials, the 
composition of sewage and the disposal of sewage, and 
it is equally worthy of commendation with the first 
part, the chapter on house drains and sewers being 
particularly good. In the third part of the work 
treating of water supply, the quantity, quality, and 
sources of supply are dealt with, while chapters 
are devoted to describing methods of gauging water, 
and to conduits and conduit pipes. On all these 
oints the information given is excellent, while Mr. 
Sage has the power of conveying it clearly and 
tersely. Altogether, Mr. Slage has produced an 
exceedingly useful handbook, which we have plea- 
sure in commending to the notice of those interested 
in the execution of sanitary work, not only in rural 
districts, but in towns also. 





British Manufacturing Industries. Edited by G. PHILLIPS 
Bevan, F.G.S. Shipbuilding. By Captain BEDFoRD 
Pim, R.N., MP. wee gc By Roperr Sa- 
BINE, C.E. Agricultural Machinery. By Professor 
Wericutson. Railways and Tramways. By D. K1n- 
NEAR CLARK, Memb. Inst. C.E, London: Edward 
Stanford. [Price 3s. 6d.] 

This is another of Mr. Stanford’s well got-up series 
of handbooks, to which we have already directed 
attention. As will be seen by the title the present 
volume commences with a section devoted to ship- 
building, this section being contributed by Captain 
Bedford Pim. Captain Pim commences by some 
interesting notes on the historical portion of his 
subject, but when he gets to modern shipbuilding 
he unfortunately gives way to a denunciation of long 
ships, and devotes a most undue amount of space 
to the explanation of his particular views on this 
and other matters, the discussion of which is out of 
place in the present work. 

Mr. Sabine’s section, which comes next, is a 
pleasing contrast to Captain Pim’s, it being a com- 
pact and tersely written account of the present state 
of telegraphic science. Mr. Sabine deals successively 
with the requisite properties of telegraph lines, 
submarine cables, overhead telegraph lines, private 
wires and instruments, and he has managed to 
condense a great anfount of useful information into 
the fifty-eight pages at his disposal. Professor 
Wrightson’s section is also well prepared, but the 
space devoted to it is scarcely sufficient for the 
author to do his subject even moderate justice. 
Professor Wrightson has, however, certainly not in- 
dulged in any unnecessary verbiage, and although 
his section would have been of greater value if it 
had been longer and contained more detailed in- 
formation, yet he is to be congratulated on having 
done the best possible under the circumstances. 
Lastly, we have Mr. Clark’s section on railways and 
tramways, and in these the author has also made the 
most of the space at his disposal, and has managed 
to condense into it a great number of facts and 
data which will be read with interest. 
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FISH-BITES IN SUBMARINE CABLES. 
To tHe EprTor oF ENGINEERING. 
Srr,—As I have been in charge of three fag o 
ditions on the cable laid by Hooper’s Telegraph Works, 
Limited, between Para, Cayenne, and Deusters,T naturally 
felt a great interest in ing the article in your last issue, 
respecting fish-bites in submarine cables. 
was pleased to see that some one besides myself had 
sufficient candour to admit that the unfortunate condition 
of the cable when laid was not wholly due to imperfect 
workmanship, for no fault which was picked up could be 


pronoun by an impartial witness as likely to have 
existed beget =n out. 
I cannot erstand how the writer of the article has 


made the mistakes as to the faults, more particularly 
as to the one figured. None of the pieces of bone 
had the — resemblance in structure, strictly speak- 
ing, to teeth ; and we were the more forcibly puzzled in not 
finding any fault with remnants of bone on opposite sides 
of the cable as if oie 4 the jaws fe a =. = we were 
in consequence obli give up the idea of their being 
produced ' by biting, more waltetesly as the cable from 
which these faults were removed must have been buried 
some considerable distance in the mud. 

I purposely avoid going further into the discussion of 
this matter just now, as I hope at a future time to lay be- 
fore your readers a full account of the incidents connected 
with this unfortunate cable, and which, I have no doubt, 
has done incalculable mischief to the reputation of india- 
rubber cables, and brought about the pse of Hooper’s 


oter fa 

ter laying the cable into Cayenne, the teats being quite 
satisfactory during paying out, and for some days when 
laid, as the shore endstook some time to finish, I felt 
certain when I localised the first fault as being near Para, 
that it must have happened after leaving the ship. 

The remaining cable, as is now well known, was ordered 
home from being found faulty in the ship ; the inference 
being formed that some faults had been paid out. 

I believe it is impossible to find in the whole history of 
submarine telegraphy an expedition so full of incidents, 
which brings to my mind a remark made by Professor 
Fleeming Jenkin after laying the Para-Pernambuco cable, 
that ‘‘ expeditions free from incidents were always to be 
desired.” 

I am yours obediently, 
Hos. T. O. BrucE WARREN, 

Analytical Chemist, India-Rubber, Gutta Percha, and 

Telegraph Works, Limited, Silvertown. 





BOILER EXPLOSIONS. 
To THE EDITOR OF ENGINEERING. 

Srr,—In the last yearly report of Mr. Hiller to the 
National Boiler Insurance Company, amongst other very 
instructive matter, there is the following account of a 
sin case of fracture. 

** Another cylindrical egg-ended boiler was fractured in 
a most peculiar manner. It had been ay for cleaning, 
and cold water had been admitted to the usual worki 
level, when the attendant; to accelerate the getting up o 
the steam, opened the steam valve connecting it and the 
adjacent boilers. The heat of the steam thus admitted 
caused sudden expansion of the upper part of the boiler, 
whilst the sides and lower part were quite cold, the result 
being that two plates on one side and three on the other 
were fractured in the solid, close to and parallel with 
the ring seams, the fractures being 10in. to 16 in. in 
] ’ 


his is the first case of fracture in a boiler shell from 
the cause ascribed that I can recollect having seen, and it 
possesses peculiar interest as ing directly upon the 
wild theory advanced to account for the Blackburn explo- 
sion, and repeated last year at the inquest following the 
disastrous explosion at Pendleton. 

According to this theory a horizontal cylindrical boiler is 
liable to be rent transversely at the bottom of the shell 
(not at the sides), by the upper portion being heated more 
rapidly than, or in excess of, the bottom and side, either by 
the hot gases sing over the crown, or steam being 
raised too quickly above whilst the water is cold below. 

I have previously attempted to expose the absurdity of 
this theory, and my arguments are now happily confirmed 
by the case before us. 

The fractures began at the water line and extended a 
few inches below, as they should naturally be expected to 
do, and the fact that five fractures were in the solid 
plate at the outside lap behind the ring seams, and not in 
any case through the line of rivet holes, appears to indicate 
that it was not by a mere accident that the plates fractured 
through the solid. c 

In trying to account for this, we must lay aside the 
prevailing notion that the strain ss by sudden ex- 
pansion is the exact converse of that produced by sudden 
contraction, and necessarily throws a severe tensile strain 
on the seams of rivets in the ion of the boiler which 
remains cool. For the sake of making this matter clear, 
let us imagine a plain cylindrical horizontal boiler with 
ring seams of rivets expanded by heat uniformly an inch 
beyond its pay at atmospheric temperature. Suppose 
a current of cold air or body of cold water to be brought 
suddenly in contact with a width of plating along the 
bottom, say, one-third the circumference, then the tendency 
will be for the contraction that follows to pull the ends 
closer together, through the contracted strip of plates 
along the bottom. Ifthe upper portion of the shell can 
arch itself sufficiently in a longitudinal direction, or the 
plates at the sides of the contracted strip can buckle or 

eld sufficiently to allow the ends to come ther, then 
he stress due to the cooling will simply result in a | 

the shape of the boiler. But, asa rule, this arching an 
do not take place, consequently the ends cannot 





be brought closer together. The plates, therefore, must 





stretch or break. If they break they will naturally 
do so where the strain is greatest, that-isy throngh the 
transverse lines of rivet holes, and cases of this 
occur daily. Again, imagine a similar boiler i 
filled with cold water so as to leave one-third the circum 
ference above the water line. vite recree Sgt to this 
the tendency will be for the expansion of the heated strip 
of plates above the water-line to push the ends further 
apart, but as this will be resisted by the cold plates: be- 
neath the water-line not being able to stretch sufficiently, 
the crown of the cylinder will arch upwards longitudi 

and there will be a tendency for the plates ju 

water-line to buckle so as to accommodate th 
the restricted length. Now unless the plates are quite or 
nearly red-hot, their curved oy od will prevent any buck- 
ling, and their expansion will tend to stretch the plates 
just below the water-line. Should this stretching be more 
than the plates can bear, they will fracture transversely 
through the solid by tearing and not through the lines 
of rivet holes, because no tearing action between plate 
and plate is P uced at the joints by the expansive action 
we are considering. This action, which is so fatal in the 
body of the plate, is, in fact, strongly resisted through the 
riyets at the joints by the expansion of the plates over or 
under-lapping, and there is act less tendency to fracture 
at the rivet holes than in the of the plate, so long as 
the ends ina line with the cold plates are not forced apart 
by the expansion of the heated portion of the plates them- 
selves, or of the heated tubes sufficiently to throw a_tensile 
strain on the rivetted joints. 

It appears to be inconceivable that there can be any 
tendency to tear the plates throagh the ring lines of rivet 
holes by the greater ex ion of the crown compared with 
the sides, unless the ends of the boiler are forced apart below 
the water-line by an amount sufficient to cause transverse 
fracture, but this the sudden heating of the crown plates 


themselves cannot do. 

The push exerted by the expanded plates against the ends 
does not nce the same tensile strain on the cold plates 
and joints that the pull through a lineof suddenl tracted 





y 
plates produces on their own joints, when this pull on the 
contracted plates is strongly resisted by the expanded 
plates on each side of the line of contraction. 

A little patience and we may yet have other cases to dis- 
prove the other illusory theories and correct the unscientific 
views advanced by scientific witnesses at some of the 

i s boiler explosions of late years. 
Yours truly, 


Rosert WILson. 
116, Queen Victoria-street, E.C. 


CENTRIFUGAL FORCE. 
To THE EprToR oF ENGINEERING. 

S1r,—I think Mr. T. C. Fidler, in his letter, 272 of 
last week’s ENGINEERING, has overlooked the difference 
that exists between a formidable dilemma and one of 
formidable appearance. When a horse is doubtful about 
the character of any object it ually gets its nose close 
to it, and I followed its example in reference to this a; 
rent dilemma. The result was that I found that one of the 
supposed horns was only a myth, the creation of a falsel: 
educated brain, and that the other was an upright post an 
no horn at all. It is very difficult to capsize the hi 
of a lifetime, especially when propositions that hers on 
along been held to be axioms have to be acknowledged to be 
palpable absurdities ; but ‘‘ great is truth,’’ &., 
this case it did prevail. A reply to the paragraph near the 
middle of the first column of page 278 will I think answer 
the rest of the letter, agreeing as I do with Mr. T. C. F.’s 
observation that it is quite ary for us to form 
a conception of force existing without matter on which, or 
by which, it acts. Referring to my illustration of a weight 
sliding on an arm of a revolving wheel with a spring inter- 
Sa peer the weight and the rim of the wheel, Mr. 
T. C. F. says truly enough that the pressure of the weight 
on the spring is not a force acting on the py =< but that 
the pressure of the spring on the weight is a force tendi 
to push it towards the centre. But why does it n 
then go towards the centre unless from the obvious reason 
that t must be an equal force pushing it outwards? 
Take the case of the wheel being vertical and stationary 
with {the loaded arm at the lowest position; the spri 
is then compressed to the same extent as when the hori- 
zontal wheel is making 54 revolutions per minute. The 
spring in the one case as in the other is pressing the weight 
— the a, In a oat case ig know that oH 

‘orce of gravity acting on Ban he © opposite di- 
rection to that of the spring prevents it from tomy the 
centre. If it is necessary in the one case to suppose a 
downward or outward force acting on the weight to ac- 
count for the com —t of the spring, it must be equally 
soin the other. It will itted on all hands, that 
when the wheel is horizontal, the greater the speed the 
more will the spring be com » and the further out 
the body will move from the centre. Now what in the 
world takes the body out against the pressure of the spri 
but a force equal to that of the spring? We don’t see 
that force, neither do we see the force of gravity. If we 
have only humility enough to admit that we know nothing 
whatever about force but from its effects, and intelligence 
enough to understand that though a cause er | be measured 
by its effect, it never can be the effect itself, that in fact 
the two must be as distinct as the man who works the 
organ bellows is from the musician who plays the ag 
we would have less difficulty in unders ing the rela 
ship between force and motion. 





R. D. Naprzr. 





To THe EpiTor or ENGINEERING. 

Str,—In your issue of the 6th instant, Mr. T. Claxton 
Fidler endeavours to demonstrate that the force known as 
centripetal is unbalanced, because the only force which could 
balance it, acts, not upon the revolying body, but upon the 
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isting medium. The resisting media in the cases indi- 
cated would be, first, the spring between the revolving 
weight and the rim of a wheel ; y, the rail between 
the wheels of the train passing a curve, and the sleepers, 


t, de. 

It appears to me unfortunate that your correspondent did 
not any his demonstration somewhat further, as he might 
there have shown, that while centrifugal force is generated 
within the revolving body ; while the mass of the said body 
is a measure of the centrifugal force; while the velocity 
of the said body is also a measure of the centrifugal force ; 
no reference whatever being, necessarily e to the 
resisting medium when considering the intensity of the 
force ; so also in the case of the stationary weight and 
its support, the force of gravity is developed in the weight ; 
the mass of the weight is a measure of the force of gravity, 
and no reference need be made to the support ; therefore, 
if centrif force does not act upon the revolving body, 
but upon the pane medium, the force of gravity does 
not act upon the weight, but upon the support ! 

Corollary.—If centripetal force be an unbalanced force, 
the elastic force of the support tending to thrust the 
weight upward is also un ced, for while it acts upon 
the weight, the force of gravity acts upon the ~~“ 

I trust that the absurdity of this result is sufficiently 
apparent, and that if I have inadvertently misinterpreted 
Mr. T. C. Fidler he will kindly correct me. 

I am, Sir, yours truly, 


Wiggin-street, Birmingham, April 9, 1877. 


PERKINS’ ENGINES AND BOILERS AT THE 
UNITED SERVICE INSTITUTION. 
To THE EpiToR or ENGINEERING. 
© Srr,—Mr. J. F. Spencer, in his letter to you on the above 
subject in last week’s issue, has touched upon what is per- 
haps the most important point in connexion with it, when 
he refers to the questions of the circulation of the water in 
the boilers and to their continued efficiency at sea. 

The more light that can be thrown upon these points the 
better for the chance of arriving at the truth, and therefore 
I think it well (having been present at the reading of Mr. 
Perkins’ interesting paper) to direct attention to the posi- 
tion taken up by Mr. Parker, and to what was advanced by 
him on the occasion referred to. His remarks are entitled 
to the respect due to his very extensive experience of the 
practical working of water-tube boilers of various designs, 
and it is questionable if any other engineer knows as much 
as he does on this subject, his official position having fur- 
nished him with opportunities of observation which others 
cannot enjoy. r. Spencer seems to me to slight what 
Mr. Parker advanced, and certainly as far as I could jud 
the meeting at the United Service Institution on the 
present occasion seemed quite unable to profit by it. 

Speaking from memory—the report of the proceedings 
will correct me—Mr. Parker asked three questions, viz. : 

1. How Mr. Perkins insures perfect circulation in the 
lower rows of tubes directly over the fire ? 

2. In what respect the Perkins boiler differs from those 
fitted in the steamers Fairy Dell, Marc Antony, Montana, 
and Dakota? 

3. What experience Mr. Perkins has had at sea with his 
boilers continuously steaming ? 

Mr. Perkins cenliel that the boiler of the Montana was 
a copy of his plan, but it was worked at a lower pressure, 
and in it they had forgotten to add a particular pipe which 
would have made that boiler a success ; and that his boiler 
had the further difference that it required no circulation 
at all, as it made steam by foaming, and could work as well 
upside down as in its proper position. 

Mr. Parker gave it as his opinion, judging, as he said, 
from the drawing of the Perkins boiler which was exhi- 
bited at the meeting, and from his acquaintance with the 
other plans fitted in steamers during the last ten years, 
that the boilers of the Montana and these other vessels 
were exactly similar in principle of construction to those 
of Mr. Perkins, and that the same conditions of working 
might be expected. Yet they had all failed from imperfect 
circulation in the lower taken, although papers had been 
read about them, trials had been made on a small scale, 
and in the Montana’s case a section of the boilers capable 
of generating sufficient steam for an engine of 100 horse 
power was worked night and day for six weeks and gave 
unqualified satisfaction. When, however, the same boilers 
were sent to sea in the steamer, six out of the eight on 
board were disabled through the lower tubes cracking from 
defective circulation before the vessel got to the fsle of 
Wight, and she lay drifting aout helplessly for thirty-six 
hours. 

The experience gained with these boilers does not of 
course prove that the Perkins boiler cannot succeed at 
sea—nor did Mr. Parker essay to press such a conclusion 
—but it does prove the necessity for free circulation of 
water (and in the case of the Propontis the necessity was 
proved for free circulation of steam) in a steam generator 
the efficiency of which is to be maintained. And it is in 
view of such important knowledge, gained at so much 
cost, that it is at least startling to find it announced that 
a boiler which is admittedly similar in design to these does 
not need circulation, while there is the further effort to 
back this statement up by the extraordinary arguments 
and theories which you have done well to notice in your 
review of the proceedings at the United Service Institu- 
tion. I notice that Mr. rye inaccurately describes 
that review as a criticism of Mr. Perkins’ paper, but this it 
manifestly is not. 


C. G. 








Your obedient servant, 
Lux. 








Strex. Axixs.—The Bethlehem Iron Company (Pennsyl- 
vania) has commenced the manufacture of steel axles. 
Some have been made for the Lehigh Valley Railroad 
Company. 

















We publish above drawings of a fireproof structure 
lately erected at Batley, by Messrs. J. Bagshaw and Son, 
engineers, Victoria Foundry, Batley. It is a woollen 
mill constructed for Messrs. M. Sheard and Sons, and is 
four stories high, the total length being 360 ft. and 
the width 54 ft., the length of the fireproof portion being 
176 ft. The whole of the fireproof portion is constructed 
as shown in the drawings, and consists of main beams 
28 ft. long, and placed 10 ft. apart, and of transverse joists 
10 ft. long and placed 3 ft. apart. The ends of the main 
beams are supported by the walls of the building, and on 
the cast-iron intermediate columns,as shown. The 
spaces between the joists are filled with brick arches 
turned between them, and covered with concrete, which 
is planked over to form the floor. The main girders are 
shown in the details; they are formed of Belgian rolled 
beams 19} in. deep, 74 in. wide, and weighing 102 1b. per 
foot. The joists are 6} in. deep, and weigh 18 Ib. per 
foot. The fastening by which the beams and joists are 
connected is shown in Figs. 2, 3, and 4, and consists of 
short angle-iron brackets, secured to the webs of both by 
bolts. The ends of the joists rest on cast-iron filling 
pieces, resting on the bottom flange of the main girder and 
bolted to it. By this means a better bearing surface is 
secured than would be obtained if the joist rested on the 
flange of the principal beam, and the depth of the floor 
is reduced. The communication between rooms on the 
same floor is made by double sliding doors built of half- 
inch boiler plate, and access from one story to another is 
effected by means of hoists with openings guarded by 
revolving iron shutters. The shafting on the different 
floors is driven by belts direct from the flywheel, and 
passing through a well 14 ft. by 10 ft. and built of 2-in. 
late. 

The building stands on the site of an old one, which 
was destroyed by fire, and has taken 400 tons of iron- 
work, 








InDIAN TgeLEGRAPaY.—The Anglo-Indian Government 
has sanctioned a line of telegraph to Khelat. 











FIRE-PROOF MILL AT HICK-LANE, BATLEY. 
CONSTRUCTED BY MESSRS. J. BAGSHAW AND SON, ENGINEERS, BRADFORD. 
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THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—Your correspondent “‘ Cid”’ is wrong in stating that 
George Stephenson was blackballed by the Institution of 
Civil Engineers, as he appears to have refused to submit 
himself to that ry eyo) wee re True, Stephenson in his 
halcyon days had the hardihood to aspire to become enrolled 
amongst the select members of the Institution, but our 
—— Council were not to be caught napping, and care- 
f kept him out. 

e know that ambition, when duly tempered by modera- 
tion, isa motive power which stimulates man to the execu- 
tion of great deeds and carries him on to prosperity, but 
how sad it is to see ambition overstepping the bounds of 
prudence. Such was this case with Stephenson. He had 
not been an articled pupil, he had not paid his hundreds to 
make himself useful for five years and learn to trace prettily, 
and therefore how were the Council to know that he was fit 
to associate with them and to be elected a member of the 
Institution? At that time the Associate-Member class had 
not been invented, and they ‘‘for weighty and obvious 
reasons’’ did well in excluding him. 

Smiles in his ‘‘ Life of Stephenson,” page 505, gives the 
following account of the incident, which ought to satisfy 
the most sceptical of the debt of gratitude we owe the 
Council for the manner in which they have ever maintained 
the high standard of the Institution of Civil Engineers : 
**As the founder of the school of modern engineers, it 
might have been expected that Mr. Stephenson would have 
been invited to join the Civil Engineers’ Institute ; and, 
indeed, he himself desired to do sv. But there were two 
obstacles to his being admitted to membership. The first 
was, that Mr. Stephenson had served no regular apprentice- 
ship to the profession ; and the second was the composition 
of a probationary essay in proof of his capacity as an 
engineer. Mr. Stephenson could not comply with the 
first condition, and he would not comply with the second. 
The Council of the Institute were willin ing to waive the 
former, but not the latter point. But Mr. Stephenson said, 
if he went in at all, he would go in upright, not stooping 
one inch ; aud he did think it was too much to ask of him, 
that he should undergo the probationary test required from 
comparatively unknown juniors, and with an essay in proof 
of his bnoeledipe of engineering, for the approval or 
criticism of a society, many of whose members had been 
his own pupils or assistants. He, therefore, turned his 
back, though reluctantly, on this Institute of Civil Engi- 
neers, and accepted the office of President of the Institution 
of Mechanical Engin eers at Birmingham, which he held 
until his death.” 

Iam, Sir, &c., 


London, Aprill10. AN ADMIRER OF THE CoUNCIL. 





Omnrpuses IN Paris.—The revenue of the Paris 
General Omnibus Company to March 18 this year, 
amounted to 213,4771., as compared with 191,7501. in the 
gy period of 1876, showing an augmentation of 
21,7271. this year, 
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THE ESTIMATION OF MANGANESE, 

On the Estimation of Manganese in Spiegeleisen, and 
of Manganese and Iron in Manganiferous Iron Ores. * 
By Mr. Epwarp Rixey, F.C.S., London. 

On the introduction and use of spiegeleisen for the 
manufacture of steel, the accurate determination of man- 
ganese, upon which its commercial value — became 
a question of great technical importance. importance 
has very much increased since the manufacture of 
spiegeleisen in this country from the Spanish mangani- 
ferons iron ores commenced. Difficulties arose from the 
very first in fixing the percentage or number of units in 
spiegeleisen, in consequence of the different methods em- 
ployed by chemists to estimate the manganese. My 
attention having been specially directed to this question 
from the original introduction of spiegeleisen, about 
14 years since, I purpose pointing out the causes of 
error, and accounting for the differences made by different 
chemists, and also to show the numerous sources of error 
that may occur, more especially in the determination of 
manganese, or valuation of manganiferous iron ores. 

Manganese in Spiegeleisen.—There are two methods 
usually employed to determine the manganese in spiegel- 
eisen—one known as the direct, the other as the indirect. 

The direct method usually employed is to dissolve the 
pulverised spiegeleisen in dilute nitric acid (1.20 sp. gr.) ; 
when dissolved a little chlorate of potash and hydrochloric 
acid are added to destroy the soluble organic matter from 
the combined carbon ; this may also be effected by evapo- 
rating the nitric acid solution to dryness, and heating, then 
re-dissolvying in hydrochloric acid, the silica may in this 
case be filtered off and estimated if required; usually, 
however, the percentage is so small that it is not necessary 
to separate it. 

The solution diluted to about one quart or one litre is 
then neutralised with carbonate of soda or ammonia until 
the solution is turbid and the acid neutralised, acetate of 
soda or ammonia is then added, the solution boiled, the 
basic precipitate of iron allowed to settle, then filtered. 

This precipitate is next re-dissolved in hydrochloric acid 
and the process repeated, the precipitate being well washed 
to insure the complete separation of the manganese. 

To the solution after evaporation, so as to reduce it to a 
bulk of about 3 pints or 1} litres, 2 to 4 cubic centimetres 
of bromine are added, the solution is well agitated so as to 
saturate the liquid with bromine ; after the bulk of it has 
dissolved, .880 ammonia is added in excess, the flask in 
which the precipitation is made is well shaken, the man- 
ganese begins at once to separate, it is then gently heated 
forabout an hour, up to the boiling point, boiled a few 
minutes, allowed to settle, and then filtered. 

The precautions to be taken are to have the solution 
cool before adding the bromine, and to see that the solution 
is saturated with the bromine, otherwise the manganese is 
precipitated incompletely as alight brown pulverulent oxide 
very difficult to filter. 

The filtration and washing of this precipitate (when 
ammoniacal salts only are used) can be effected easily in ten 
minutes, and the whole operation can be completed in five 
to six hours. Allowing the solution to stand for a night, 
to separate the oxide of manganese, as frequently recom- 
mended, is quite unnecessary. After filtering off the oxide 
of manganese, the filtrate should be evaporated down to 
about one and a half pints, or three-quarters ofa litre, and 
after cooling, bromine and ammonia added, to see that the 
whole of the manganese is separated. If the operation is 
carefully carried out, it is quite the exception to find 
manganese in the filtrate, very rarely it occurs ; if so, it 
must be separated and added to the first precipitate. 

After drying the oxide of manganese, the filter is care- 
fully burnt, the oxide added, and heated strongly for a 
quarter to half an hour, with access of air, either in a muffle, 
or, if over a Bunsen burner, it is advisable to finish it over 
a gas yuo 

The Indirect Method.—This method depends on the 
accurate determination of the iron in the spiegeleisen ; to 
this is added five per cent. for carbon and impurities, and 
the difference is assumed to be manganese. 

The crushed spiegeleisen—it should be in rather fine 
powder for this purpose—is dissolved in dilute sulphuric, 
or in hydrochloric acid. After complete solution of the 
metal, the liquid is diluted with recently boiled, cooled, 
distilled water, and the iron estimated in the ordinary way 
by means of a standard solution of bichromate, or perman- 
ganate of potash. The sulphuric acid should be diluted 
with about three times its bulk of water. Dilute sulphuric 
acid is preferable to hydrochloric acid, as the sulphate of 
iron does not oxidise so quickly as the chloride. 

As a pas the first method, when it is carefully carried 
out, an only ammonia and acetate of ammonia used, and 
no fixed alkaline salts, I believethat it is the most accurate 
method for determining manganese in spiegeleisen. 

The quantity of spiegeleisen operated on for the direct 
method is 15 grains, and I have a table calculated for per- 
cen In the indirect determinations duplicate assays 
are always made, taking different quantities, 15 grains 
and 14 grains, or in some cases 15 grains and 12 grains. 
As to the relative merits of the different standard solutions, 
I shall consider this and other points further on. 

Many chemists seems to be unaware of the fact that one 
precipitation of the iron is insufficient to separate all the 
manganese ; as the results of numerous experiments, I may 
state that, assuming 15 grains or 1 gramme of spiegeleisen 
to be operated on, the average error from only precipitating 
the iron once is about one per cent. 

Take a series of determinations where identically the 
same crushed samples were submitted to me and also 
analysed by another chemist, it will be seen that the 


average error was as nearly as possible one per c2nt. from 
this cause. 





, - po read before the Iron and Steel Institute, March, 


Manganese in Spiegeleisen. 
No. A. B. Difference 
1 12.40 11.44 -96 
2 12.67 11.76 91 
3 14.18 13.26 92 
4 15.67 14.40 1.27 
5 15.48 13.68 1.80 
6 15.64 14.90 -74 
7 15.96 14.80 1.16 


Or, average error, 1.10 per cent. 

I defer some other remarks on the direct determination 
with reference to the oxide of manganese, until the con- 
sideration of the estimation of manganese in manganiferous 
“eeehe indirect determination of 

8 e in rmination of manganese, my 
experience is that the results obtained, when carefully car- 
ried out, are as a rule too low. 

Take the assays of spiegeleisen exported over about nine 
months, the number in all about 150 determinations, the 
average difference of my di assays over the indirect 
assays, made at the ne supplying the spiegeleisen, was 
an excess of about one per cent. 

For some months past, the indirect method has been 
employed on account of the results being obtained more 
quickly ; now there is very little difference, the results 
being sometimes a shade higher, at others a little lower. 

The plan adopted to sample the spiegeleisen is to select 
four to five clean pieces from every wagon of metal; the 
— ¥- when received, —— from 20 to 150 pieces, have 
small fragments broken off each piece, the same weight 
(weighed roughly) from every piece being crushed together 
in a'steel mortar until it all passes through a sieve with 
225 meshes to the square inch ; for indirect assays a portion 
of this is more finely crushed. By practice a man soon be- 
comes expert, and I find no difficulty even when so many 
as 150 pieces are sent. : 

Take last year; the quantity of spiegeleisen represented 
by the above direct, and about as many indirect, assays was 
some 10,000 tons, and, I am happy to say, very few disputes 
arose as to yield; any that did occur were settled 
amicably, without much trouble. I mention this to show 
that spiegeleisen may be fairly sampled, and there is no diffi- 
“—_ in fixing a definite percentage in contracts for sale. 

The cause of the direct assay being higher than the in- 
direct is due to the fact that when pig iron or steel is dis- 
solved in either dilute sulphuric acid or hydrochloric acid, a 
certain amount of oily hy: bon is formed, and soluble or- 
ganic matter that acts more or less on the standard solution, 


The indirect determinations in tho following Table were 


made by dissolving in nitric acid, evaporating to dryness, 
and reducing, as above described. 
No. Direct Determination. Indirect. Difference. 

1 18.56 18.41 —.15 

2 17.46 17.57 +.11 

3 12.29 12.04 —.25 

4 16.13 15.91 — 22 

5 18.50 18.83 —.33 

6 18.46 18.14 —.32 

7 15.69 15.62 —.07 

8 14.18 14.22 + .04 

9 15.67 15.59 —.08 

Mean difference in 9 assays, 0.13. 


All the indirect determinations by dissolving in dilute 
sulphuric acid were made in b+ seamed the results given 
are the mean of the two ; the difference in the two assays, 
as a rule, was below .20 per cent., and never exceeded .30 
per cent. 

_Although this method (dissolving in dilute sulphuric acid) 
gives results, when carefully carried out, too low, in 
practice the error is in some measure compensated for by 
the tendency of the protoxide of iron formed in dissolving 
the spiegeleisen to oxidise ; this is more especially the case 
when hydrochloric acid is used, the chloride oxidising more 
readily than the sulphate. When permanganate is used, 
hydrochloric acid cannot be employed as a solvent. 

The great merit of the indirect process is its rapidity. 
The time required to finish duplicate assays of a sample of 
crushed spiegeleisen with scientific acc , and usi 
every —_—. is less than one hour, and there woul 
be no difficulty in one operator making from 10 to 20 dupli- 
cate assays in a day, whereas the direct method requires 
five to six hours to it out efficiently. 

In the indirect method, as the difference after adding 5 
per cent. to the iron is considered to be manganese, it is 
clear that any impurities over and above the 5 per cent. 
will also be assumed to be manganese, and hence the 
actual injurious ingredients will be returned as metal. It 
will be seen that the consideration of the sufficiency or in- 
sufficiency of this deduction becomes of much importance. 

Practically, I may say, I believe the assumption to be a 
fair one, on examining a series of analyses of spiegeleisen 
given in the accompanying Table No.I. The percentage of 
manganese varying from 7 per cent. to 26 per cent. the 
average amount of impurities is 5.2 or rather over 5 per 
cent., this slightly higher percentage of impurities will, in 





thus making the iron too high, and the manganese too low. | yield of manganese. 


some measure, be compensated for by the rather lower 
he indirect mated gives : 


TasBLE No. I.—ANALYSES OF SPIEGELEISEN BY EDWARD RILEY. 


























— 1. 2. 3. 4. 5. 6. 
En ose .| 88.378] 86.713 | 85.507| 83.777] 81.111 |80.581 
Manganese ,,. 6.984 8.448] 9.856) 11.782| 13,689 14.770 
Carbon ee 4.176} 4.071) 4501! 4.538] 4,443| 4.164 
Silicon 245 .629 248; 041 476; .096 
Sulphur cal -100} 039 041; .010| nél |trace 
Phosphorus ,., me .037 483) .098 .084| .212| .365 
Copper pa 424) .102] trace .015| .080 trace 

100.344} 100.485 |100.251 /100.247/100.011 | 99.976 
Total of elements 
other than iron} 4,982) 5.824] 4.888) 4.688] 5.211) 4.625 
and manganese 
































7. 8. 9, | 10. 11. 12, 13, 14, 15. 
79.358 |76.361 | 74.602| 74.980) 74.745 |78,886 72.775 71.606 69.180 
15.648 |18.215 | 19.406 19.768) 20,818 /20.423 | 22.560 | 22.689) 26.073 
4519| 4.753| 4.358 4.402) 4.603) 4.633| 4,808/ 6.133) 5,032 

426) 875) 1.546 894 -637| .888 476 -539| 159 

O21 |traces| .016 .0387) 017) .022| mil 019) sil 

098; .059 -283 085 -117| .064 .072 066 089 

.042 | traces | trace eco ote -024/ .., | traces 
100,112|99,763 | 100.211 100.166 100.437 99.916 100.715 100.048) 100,533 

5.166 | 5.187 6.208 5.418| 5.874| 5,607} 5.880} 5.757) 5.280 


























Mean of fourteen analyses, omitting No. 9, 5,20. 


TasLe No. II—ANALYsES OF KRANISCHE SPIEGELEISEN BY THE KRANISCHH ComMPANY, APRIL Ist, 1876. 
































— 1. 2, 8, 4. 5. 6. 7. 8, 

Iron pees 78.01 73°50 68.71 63.27 59.00 53.39 48.17 85 
Manganese ans Ba a 15.41 20.47 25.10 30.51 34.90 40.28 45.62 49.98 
Carbon ... eos ooo ove eee 5.20 4.60 4.97 4.96 4.88 4.90 4.80 3.73 
Silicon .., ove ove ove ove 72 -90 80 .79 85 86 91 -98 
Sulphur ... oe oe oes 04 03 .02 .02 03 02 02 
Phosphorus ose o. eee os 33 +23 30 -28 -20 29 25 22 
Copper ... ooo ove ove ove 
Aluminum oe ooo coe eee 02 oon Ol 01 01 01 ico 02 
Calcium .., eee ose ooo eos 10 09 07 05 08 06 06 OL 
Arsenic .., oe ooo 

99.83 99,82 99.98 99.89 99.95 99.81 9.83 99.79 
Carbon (E.R.) ove eee eee eee 4.164 ove ove 4.642 4.780 4,473 5.065 4.297 

ose ove oe oe ove 4.483 ose 4.364 




















This error is obviated when the spiegeleisen is dissolved 
in nitric acid, the solution evaporated to ness, and 
heated to destroy the soluble organic matter. The oxides 
of iron and manganese should then be dissolved in hydro- 
chloric acid, the solution largely diluted and reduced with 
sodium sulphite. When this method of indirect determina- 
tion is employed, the results agree very closely with the 
direct method, as will be seen by the series of determina- 
tions given below ; whereas the difference between the or- 
i indirect and direct will be seen by the Table to 
average about .60 to .80 too low. 


Percentages of a in Spiegeleisen, estimated by 


ifferent Methods. 
Indirect x 
No. Direct Estimation. *n by Solution nittoronce, 
Acid Di 
1 19.43 18.70 73 
2 18.96 18.34 "62 
3 19.91 19.57 ‘34 
4 20.22 19.62 60 
5 20.89 19.98 ‘91 
6 19.09 18.32 "77 
7 20.41 20.08 "38 
8 21.93 19.94 1:29 
9 21.66 20.70 ‘96 
10 21.47 21.18 29 





Mean differ:-1ce in 10 assays, .69. 





I. Il, Mean. 
Carbon per cent. in ferro-manganese, 73 per cent. manganese 6.324 6.253 6.288 





n. 


Occasionally it will be found that the indirect method 
gives higher results than the diréct, this is generally due to 
silicon ; take such a spiegeleisen as No. 9 in the Table, the 
total impurities are 6.2 per cent. 

In dissolving the spiegeleisen, is can easily be observed if 
thereis an excess of silicon, and the fact noted or a de- 
termination made of it. In this country where the ore 
almost universally rp wae is Carthagena ore, I do not 
think any amount of phosphorus may be anticipated, unless 
inferior ores have used as a mixture. 

For all practical purposes I consider the indirect method 
sufficiently accurate, and from the rapidity with which very 

ampere results can be cetaingl it is a process! de- 
edly to be recommended. 

With reference to the above analyses, it will be seen that 
in some sulphur is given, in No. 1 as much as .10; this is 
an analysis made some time ago, and I believe the sulphur 
to be wro’ I hold en and sulphur are incon- 

, and the sulphur given in analyses to be derived 
} ene the reagents used ; certainly it is so with spiegeleisen 
containing over 15 per cent. of manganese. 

The question of carbon in —- and in pig iron 

ly is most interesting most important, and I 
certainly think it has not received the attention from 
chemists, and the consideration from practical men, that it 
merits. It is not my intention to consider the carbon 
question in this paper further than it is as re- 
gards the augelllan of spiegeleisen. I may state, how- 
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ever, it is an element that is very badly used by chemists. 
To determine it accurately requires much time and care, 
and I have no hesitation in saying many determinations 
that are given are wrong. 

The method I employ for the determination of carbon is, 
to dissolve the pig in neutral chloride of copper ; after 
complete solution of iron and precipitated copper, the 

m, &c., is filtered on asbestos, and burnt with oxide 
of copper in a current of oxygen gas. Carbon determina- 
tions by colour test for high percentages of carbon are not 
satisfactory. I hold, and I pu: on a future occasion 
proving, that the percentage of carbon in pig iron is a 
measure of its quality—that is, if you have a high per- 
centage of carbon you cannot have any sulphur, and you 
cannot have much silicon. Phosphorus, I am sorry to say, 
it does not influence, and this, so far as my knowledge 
goes, still remains the béte noire of metallurgists. 

Much difference of opinion exists as to the increase or 
decrease of carbon in spiegeleisen as the percentage of 
manganese increases. Some assert that it increases with the 
manganese, others that it decreases. 

My experience is that the percentage of carbon increases 
with the percentage of manganese generally, and on this 
point my friend M. Gautier, of Terre-Noire, agrees with 
me. 

In a series of analyses sent to me, Table II. made of the 
spiegeleisen manufactured at the Kranische Iron Works, 
at Laibach, in the blast furnace, it will be seen, according 
to their results, that the carbon appears to decrease with 
the percentage of manganese. 

In a series of samples received from the above-named 
works I have very carefully determined the carbon, and m 
analyses do not corroborate their views at all, although 
saat admit that they do not very clearly show any gradual 
increase beyond a certain point. Taking my analyses of 
spiegeleisen, Table I., the increase is fairly uniform up to 
26 per cent., of manganese ; my results in Table II., in the 
Kranische spiegel, for 30 per cent. and 35 per cent., show 
less carbon, but still a considerable increase on the carbon 
in the 15 per cent., in the 40 per cent. and 50 per cent. the 
earbon is less than in the 45 per cent., so that no very 
positive deductions can be made from these results ; in 6 
and 9 the results were so anomalous that the analyses were 
repeated, the same results were obtained on operating on a 
diferent quantity of the spiegeleisen. To determine this 
point definitely, a more extensive series of analyses are 
required. 

t would also be interesting to have a series of careful 
analyses of ferro-manganese with a high percentage of 
carbon. I found in 73 per cent. ferro-manganese carbon 

r cent. 6.324; possibly the carbon may not always be 
influenced by the percentage of manganese, still the 
balance of Seotieneny is, in my opinion, to the effect that 
carbon increases with the manganese. 

(To be continued.) 








THE RIVER THAMES. 

Ar the sixteenth ordinary meeting of the Institution of 
Civil Engineers, held on Tuesday, the 27th March, Mr. 
George bert Stephenson, President, in the chair, the 

per read was on “‘The River Thames,”’ by Mr. J. B. 

man, M. Inst. C.E. 

It was not known whether the Romans or the Saxons 
carried out the earliest engineering works on the Thames. 
These were the embankments of the lower reaches, which 
shut out about 30 square miles of saltings, formerly over- 
flowed, but now from 3ft. to 7 ft. under high-water spring 
tides, representing at the lesser depth 70,000,000 tons of 
tidal water. The tidal column from Teddington to 
Gravesend was equivalent to 107,544,643 tons, so that the 
aay abstracted might be said to be equal to from 
five-eighths to three-quarters of that volume. If the water 
were raised 12in. in the upper reaches, on an average, by 
the embankments, one-eighth of the quantity would be 
returned. The low-water equivalent was even more con- 
jectaral, but no doubt the low-water régime had been 
deepened, and the course of the river had always been the 
low-water channel. 

The removal of Old London Bridge, and subsequently of 
Blackfriars and Westminster Bridges, created a revolution 
in the tidal condition. On the Thames, as on the Tiber 
and on the Clyde, bridge engineering had been antagonistic 
to river conservancy. Waterloo Bridge was a case in point 
at the present time. The systematic removal of the low- 
water shoals, in addition, had developed the flood and 


accelerated the ebb, and about 37 per cent. had been added al 


to the above bridge tidal volume. The result was an 
earlier and a longer flood with increased altitude, and a 
shorter, lower, and greater scourin ent on the ebb. 
Five centuries back high water at leaien ridge was three 
hours after the moon’s transit ; now it was two hours. 
During the last two centuries the period of flood had been 
accelerated one hour and a half; and high water was at 
present half an hour earlier at London Bridge, as com- 
pared with Sheerness, than half a century back. This 
was mainly due to the removal of Old London Bridge, 
which had a waterway of 7300 superficial feet, as com- 
pared with 17,600 ft. that of the pres:nt structure. This 
correspondingly impeded the tide, which now flowed higher 
12 in. and cbbed 4 ft. lower, above bridge than in former 


years. 
The volume of water flowing over Teddington Weir was 
3,223,125 tons daily. The present daily quantity supplied 
to the London water companies was 542,958 tons, or 
about one-sixth of the land water. This was equal to 
198,179,670 tons annually, sometimes estimated at 
250,000,000 tons. The annual outflow of the river was 
1,176,440,625 tons, equivalent to 3} in. of rainfall over the 
age area of 5162 square miles. An annual rainfall 

of 24in. would yield 8,030,597,142 tons ; one-fourth of this 
amount, after allowing for absorption, evaporation, &c., 
was 2,007,649,285 tons of available water. This, however, 
was one and two-thirds the actual result, so that instead 


of 6in. of annual rainfall being available, not much more 
than about one-half, or 3}in. were so, and this was only 
four times the quantity required for the metropolitan water 
supply. The average callow was equal to from one-sixth 
to one-seventh of the annual rainfall. 

High water at Sheerness was fixed by Colonel Lloyd, in 
1830, as being 2 ft. lower, and low water as being 20 in. 
higher than at London Bridge; but the tide now ebbed 
lower at London Bridge than at sea. Great tides had 
flooded London from an early period, varying from 3 ft. to 
4 ft. above Trinity Standard. Pepys mentioned that of the 
7th December, 1663, thus: ‘‘I hear there was the last 
night the greatest tide that ever was remembered in Eng- 
land to have beenin this river; all Whitehall having been 
drowned.”’ The extreme at Gravesend was 27 ft. 
The quantity of tidal water shut out by the Thames em- 
bankments was estimated at 365,000 tons; but they had 
compensated for it by raising the tidal column, and were 
thus recuperative. If the water surface from Blackfriars 
to Teddington had been raised 6 in., that would be equiva- 
lent to 700,000 tons. 

To show the impossibility of providing reservoirs for 
land water, Mr. Symons had estimated that storage for 
714,285,714 tons would be required, equal to from three to 
four times the daily tidal volume from Teddington to 
Gravesend. The winter flood of 1875 at Windsor amounted 
to 33,723,925 tons daily, so that Mr. Symons’ estimate of 
storage would be for twenty-one days of the great flood. 
The average volume of extreme tides from Teddington to 
Gravesend was 322,500,000 tons, so that the land-flood 
water was one-ninth of the tidal water, or rather one- 
eighteenth during the day. The morning and afternoon 
tides of the 8th of April, 1874, both rose 21 in. a at 
Blackwall than at Gravesend, 10in. higher at London 
Bridge than at Blackwall, and at Westminster and at 
Take 4in. higher than at London Bridge. The present 
low-water level was from 5in. to 14in. lower at London 
than at Sheerness ; and at Gravesend low water was lower 
than London by 9in., and than Sheerness by 12in. The 
level of high water for a mean of the three years 1873-74- 
75 was 3 ft. 10. higher at London than at Sheerness. The 
spring and neap high water differences varied from 6ft. to 
2ft. The maximum difference of range in favour of 
London amounted to 6ft. 7in., but usually it was 4ft. to 
5ft. Thirty years back high water was 4}in. to 6in. 
lower at Chelsea, and 12 in. lower at Battersea, than at 
London Bridge, and the low-water level was 15in. higher. 
The tide of the 15th of November, 1875—the result of the 
great westerly gale of Sunday the 14th of November— 
aided by a heavy land flood, was the highest on record, 
viz., 4ft. 9in. above Trinity Standard, and exceeded the 
Admiralty calculated range by 3ft. 3in. Of that great 
tide, from 3in. to 4in. were due to land water. The tide 
of the 20th of March, 1874, rose the same height at Tedding- 
ton as at Westminster, viz., 4ft. 4in. above Trinity 
Standard, rising 18in. above the land water, with 7 ft. 
oscillation at Teddington, and 12in. at Kingston ; and this 
tide was 20in. higher at London Bridge than at Graves- 
end. The estimate of compensation due to the raising of 
the tidal column by the embankments — be largely in- 
creased, as the estimate of 6in. was only taken above a 
plane, nothing being added for the former fall at high 
water above Westminster. There was now an additional 
depth of 12 in. at high water from London up to Richmond, 
where the tide flowed fully as high as in the Pool. Due to 
the increase of tidal volume and the dredging of shoals, 
the low water deep channel had been extended upwards 

ast Woolwich and Blackwall. There were two artificial 
yarriers to its continued extension, or at least to its avail- 
ability for navigation. The first was the Thames Tunnel, 
which had only a depth of water of 8ft. over the crown at low 
water, with a normal depth above and below of 10 ft. to 
11 ft., and a similar condition of things existed at Waterloo 
Bridge. The highest tide of the past year, on the 19th of 
September last, was at Harwich 3 ft. 9 in., and at Sheerness 
3ft. Gin. below Trinity Standard, while at the London 
Docks it was 1 ft. 7 in. above that standard ; the high water 
of that day in London being relatively 5ft. 4 in. and 5 ft. 
lin. higher than at Harwich and at Sheerness. During 
the last two years the high water had been abnormally 
raised, as also the low water, due to the vast quantity of 
land water from the exceptionally large rainfall. 
The public importance of this question was evident, 
when the sanitary character of the river was considered, 
making London (besides being the richest) one of the most 
healthy and beautiful cities in the world. The river was 
so the carrier of a commerce now amounting to nearly 
9,000,000 tons annually, which had been doubled in twenty 
years. The accumulated causes of tidal development, to 
which reference had been made, produced results of com- 
posatively slow and gradual operation, though they were 
ecoming more and more marked every year. During the 
last half century these causes had added about 33 per cent. 
to the above-bridge tidal volume, operating twice every 
twenty-four hours ; thus showing the altered condition of 
the river, and the great improvement thereby effected, 
attended, however, by the lesser evils arising from the 
non-embankment of the low-lying portions of the metro- 
polis, and which, as these tidal improvements were de- 
veloped, would be intensified year by year, and must de- 
mand a comprehensive remedy. 








ROLLING STOCK IN RUSSIA. 
A Moscow correspondent sends to the Times the follow- 
ing translation of the important Russian decree, dated 
January 28, relating to railway rolling stock: ‘‘ On the 
representation of the Minister of Finance at the Committee 
of Ministers, in reference to the measures to be adopted 
for promoting and developing the construction of locomo- 
tives and in general of railway rolling stock in Russia, and 
on the recommendation of this Committee, His Majesty 
the Emperor was pleased to ordain, on the 28th of January 





this year, the following: 1. That no farther Government 





orders for railway rolling stock shall be given for the 
future. 2. The statutes of newly-projected railway com- 
panies shall contain provisions binding them (a) to purchase 
in Russia the whole of their goods wagon rolling stock, 
and also their first, second, and third-class passenger car- 
riages, as well on first establishing the line as during its 
working ; and (b) to purchase in Russia all their locomo- 
tives, also on first establishing the line as well as during 
its working. The locomotives and wagons which have to 
be thus obligatorily purchased in Russia shall be delivered 
to the railway companies partly from orders which have 
already been made up to that time by Government and 
partly by direct order of the railway companies from the 
Russian railway rolling stock works. 3. Premiums at the 
undermentioned rates will be paid by the State Treasury 
for locomotives which have been constructed in Russian 
railway rolling stock works for private railway companies, 
the orders for which shall have been given after the pro- 
mulgation of the present decree : (a) The premium granted 
for each locomotive, together with its tender, is fixed at 
2400 roubles for each four-wheeled locomotive, 2600 roubles 
for each six-wheeled, and 3000 roubles for each eight- 
wheeled locomotive. (5) Premiums shall be granted for 
such locomotives only as shall have been constructed ex- 
clusively of parts made in Russian railway rolling stock 
works. (c) The premiums at the above-mentioned rates 
are fixed for the term of five years, commencing from the 
date of the promulgation of the present regulations, and 
shall be paid to every locomotive builder for not more than 
30 locomotives constructed by him in his works in the 
course of one year. (d) The premiums for the locomotive 
shall be paid to the builders on their presenting a certificate 
from the Government inspectors of the railway company 
to which the locomotive shall have been delivered, certify- 
ing the satisfactory result of the trial trip of not less than 
3000 versts of the locomotive in question, with wagons at- 
tached, the weight of which shall be regulated according 
to the level of the railway line, and given in detail in the 
technical conditions of the private order, the execution of 
which shall have been undertaken by the builder. The 
trial trip must be concluded not later than four months 
after delivery of each locomotive to the railway company. 
4. By way of experiment, for the term of two years until 
further examination in due legislative order, the importa- 
tion of steel-waste shall be allowed free of duty, only, 
however, when: imported from foreign countries for cast 
steel and steel-rail works, in quantities corresponding with 
their manufacture, in conformity with the decision of the 
Imperial Council, confirmed by His Imperial Majesty on 
the 6th of June, 1861, in reference to the importation of 
foreign cast iron, wrought iron, and iron-waste for me- 
chanical works, and in accordance with the special in- 
structions to be issued by the Minister of Finance on this 
subject. 5. The Minister of Finance shall be authorised 
to present in due legislative order — propositions for 
—(a) the increase of the Customs duty on foreign loco- 
motives and tenders; (b) the definitive decision of the 
question relating to the importatioa of steel-waste free of 
duty from foreign countries for cast-steel and steel rail 
works ; and (c), the alterations, which on strict examina- 
tion will be found necessary to be made in the Customs 
duty on steel in every shape, on objects made of cast steel, 
and on certain articles belonging to (railway stock ; and, 
6. The Minister of Public Roads shall be authorised to 
adopt measures, that in estimating the cost of new rail- 
way lines which are to be constructed, or of supplementary 
works and supplies for railway lines already existing, the 
estimates of the cost of the locomotive shall be based on 
the average prices actually charged for them in foreign 
countries, together with the amount of the Customs duty.” 








EXPERIMENTS ON HOWARD BOILERS. 
(Concluded from page 177.) 

Ir will be observed that the temperature of the gas leav- 
ing the boiler is less than the temperature of the steam due 
to the pressure. Under these circumstances, no super- 
heating is possible with any superheater whatever. It will 
also be observed that at one time the temperature of the 
gas leaving the boiler is considerably hotter than the 
temperature due to the pressure of the steam, but the 
temperature indicated by the thermometer on the steam 
drum is less than the equivalent temperature of the steam. 
The following Table exhibits this variation : 
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4.00 | 75 | 312 | 3198 | 310 |— 98 —78 
430 | 84 | 318 326.6 | 315 |+11.6 — 86 
5.00 | 73 | 310.5 3185 | 315 |— 35 — 80 
530 | 79 | 315 | 322.9 | 310 |—12.9—q0) |— 7.97.64) 














An inspection of the above Table shows that when the gas 





was leaving the boiler 57} deg. hotter than the temperature 
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of the saturated steam, the thermometer in the steam Pipe 
indicated 8:5 deg. less than that temperature, and when the 
gas was leaving 10 deg. colder than the temperature of the 
saturated steam, the thermometer on the steam pipe in- 
dicated only 73% deg. less than the temperature of the steam. 
The inference to be drawn from this is that the steam 
was not superheated in either case. 

Your Committee do not expect that it can be considerably 
superheated in any case, use from an inspection of the 
boiler, it will appear that all the steam formed will pass out 
through the back end of the lower tubes, and pass directly 
into the steam drum without entering the superheating 
tubes at all, and that they will probably be filled with a 
stagnant mass of steam. 

his course of reasoning applies to all boilers of this class 
which have the steam drum connected with the high end of 
the inclined tubes. By simply moving the connexions and 
the steam drum to the otber end, the steam could be made 
to pass through the superheating tubes, en route, and they 
would form very efficient superheaters. 

Notwithstanding the considerable amount of superheating 
or steam drying surface, there was a considerable amount 
of water entrained with the steam. 

Your Committee cannot say how much more or less would 
have been so entrained if the fires had been forced by a 
stronger draught, so that the gases would have left the 
boiler hotter, but it appears probable that there would have 
been more if the combustion had been more rapid, for 
during the first part of the first experiment, when the fires 
were new and thin and burning rapidly, and when the 
temperature of the gas leaving the boiler was many degrees 
hotter than the steam, there was nearly 10 per cent. of the 
water entrained, while the average for the whole experi- 
ment was only 2;%; per cent. 

It will be observed that the percentage of priming is less 
during the first experiment when the steam pressure is 
lowest. This is contrary to the generally preconceived 
idea, and your Committee do not regard this experiment 
as a final proof of this fact, but have no doubt that the 
priming was really greater in the case with the higher 
pressure, for it is shown by the increased apparent 
evaporation per pound of combustible, as well as by the 
measurements in the still. 

The diagram of steam pressures, taken by the Edson 
time gauge, a copy of which is annexed to this report, 
shows that the pressure varied from 8} lb. above to 64 Ib. 
below the mean during the first experiment, and from 
7% above to 8:4 below during the second experiment, or a 
mean variation of 7;4;, and an extreme variation of 153 lb. 

It must be remembered that this variation was while 
the feed and volume of steam discharged through the 
safety valve were regulated to keep the steam as nearly 
uniform as possible. 

The same variations show in the boilers of this class 
tested in 1871.* If there had been a constant volume of 
steam drawn from the boiler, as would have been the case 
while doing any useful work in a factory, the variation 
would have been more. 

At the conclusion of the experiment, with the steam 
pressure at 75 lb., the safety valve was closed, and the 
steam allowed to accumulate in the boiler until the pres- 
sure reached 135 lb. 

Durmg this interval the fires were burning at the same 
rate as during the other parts of the experiment. 

The following Table shows the increase of pressure : 











Time Steam. | Time. Steam. 
| 
hrs. min. || hrs. min, 
5 30 79 5 49 115 
5 643 90 5 50 118 
5 44 93 5 651 122 
5 45 100 5 52 125 
5 46 103 5 53 131 
5 47 105 5 54 135 
5 648 110 5 55 blow off 











The boiler had been fed with cold water just before 5.30, 
and it is believed that the temperature of the water in the 
boiler was not uniform until after 5. 43, after which the 
mcrements Of temperature appear to be nearly uniform, 
being 2;5 deg. per minute. 

The weight of water in the boiler was 4400 Ib., and the 
equivalent weight of iron surrounding it was 1200 lb., 
giving the total equivalent weight of water to be elevated 
in temperature to be 5600 lb. The increase of the tem- 
perature of the water was from 5.43 to 5.54, being 11 min., 
(358.45 — 331.18=) 27.25 deg. The units of heat corres- 
ponding to this elevation of the temperature of the whole 
mass would be (27.25 x 5600=) 178300. 

amount of heat was transferred in 11min. The 
amount transferred during one hour, at this rate, would have 
been (17830011 x60=) 861800 units, corresponding to 
ea =) 741 lb. of steam from the temperature of 


But during the interval immediately surrounding the 
elevation of temperature, the boiler was evaporating (183.5 
*8.8=) 1615 Ib. of steam per hour. If this rate of transfer 

continued during the elevation of temperature the in- 
crement would have been (2.1X1615+741=) 4.4 deg. per 
min. So far as this experiment goes, although your Com- 
eyed do not der it conclusive, it wall appear that 
- eat was only transferred about one-half as fast while 
opemonte was rising as while it was uniform.t 

a the heat should be transferred during the whole time 
z . e the pressure was rising to that pressure at which the 
be er would burst, at the same rate as during the elevation 

pressure between the two experiments, the bursting pres- 
sure would be reached in nearly 23 min. for the bursting 





pressure of the tube is 3000 lb., and the temperature cor- 
responding to 3000 lb. in 797 deg., and (797—320+2.1= 
22% min. This is about halfas long a period as wo 
usually be occupied by the ordinary forms of boiler. The 
rapid variation of pressure is the result of the small weight 
of water contained in the boiler. This is an important 
feature of all the boilers of the class to which this belongs. 
It must be remembered that the cast-iron heads will pro- 
bably give out a less pressure than 3000 lb., although your 
Committee have no means of determining at what pressure 
they will give out. 

A failure of one of the heads will probably relieve the 
steam pressure, without causing an explosion in the ordi- 
nary acceptance. 

he usual way in which boilers wear out is by the burn- 
ing of the heating surface, where it is covered by a deposit 
of scale on the water side, or rusting through in places 
where it is ex to the air and moisture, as when the 
iron touches the brick wall, or where any leakage may 
allow the tube to be continually wet. 

In cases where the feed water contains any salts, which 
are deposited by concentration, or by elevation of tempera- 
ture, scale will form in all boilers alike, regardless of form 
or size. The only advan’ which one boiler can have 
over another in this particular, is the facility which it ma: 
offer for breaking off this scale, after it has reached a suffi- 
cient thickness to injure the heat transmitting power of the 
—_ In ordinary tubular boilers, this cleaning can scarcely 

done at all, and in flue boilers can only be done very 
ineffectually, even if the flues are of a large size. 

In the Howard boiler, the whole inside surface of the 
tubes may be exposed to view by simply removing the caps. 
A layer of scale of any thickness can easily be removed 
driving through the tube a tool with a number of longi- 
tudinal grooves, and then breaking down the intermediate 
portions with a bar. The only portions which cannot be 
cleaned are the heads, which are but a small part of the 
heating surface. 


Safety. 
The strength of the tubes of this boiler being 8 in. inside 
diameter, and Ys in. thick, taking the strength of the iron 


at 50,000 lb., and the welded joint at 20 per cent. less, will 
be ~ 3000 Ib. nearly per square inch. 


-80 x 50,000 ,. 5 — 
The cast-iron heads are probably not so strong as the tubes, 
but the Committee have no means of determining how strong 


they are. 

Tit is true, as said by an eminent engineer, that “‘ in nine 
cases out of ten a continously increasing pressure of steam 
without means of escape, is the immediate cause of ex- 
plosion,’’* the liability to explosion would decrease as the 
margin of strength increases, and this must be looked upon 
as a very strong and safe boiler. 

There is another point, however, which the Committee 
do not feel justified in passing without comment. The feed 
water is introduced into all the lower rows of tubes from a 
common pipe, and these tubes are only connected with the 
steam space by the back end. Now, it is evident that if 
there is any steam formed in the lower tubes, it must leave 
them by the back end, and that there would be a constant 
current of steam leaving the tubes, tending to carry the 
water with it. It is no doubt the expectation of the builder 
that there will not be any steam formed in the lower tubes, 
but that they will only serve as a feed water heater, and 
that the cold water pumped in at a lower end will be gra- 
dually forced along the tube by the fresh supply of water 
coming on behind it, becoming warmer and warmer as it 
travels along the tube, but not reaching the temperature of 
the steam until it arrives at the end and mixes with the 
water circulating through the upper tubes. So long as this 
is the case, no harm can come from having these tubes con- 
nected at one end only. The effective surface of the lower 
row of tubes being one-half the total surface, 50 square feet 
is equal to ({#=) 1.85 time the gratesurface. From experi- 
ments with other boilers, at the same rate of combustion, it 
appears that about 6000 units of heat would be or 
this surface for every pound of combustible consumed. 
During the experiment, the feed water had a temperature of 
35 deg., and each pound of combustible elevated 9 lb. of 
water from the temperature of the feed to the steam, and 
evaporated 8.8 lb., the balance, 2Jb., being entrained with 
the steam. Thus the total heat absorbed was : 


Water... és 9x 286 = 2574 
Steam 8.8x 888 = 7814 
10388 


Therefore the units of heat available to form steam 
in the lower tube (6000 — 2574 =) 3426, and the equivalent 
weight of steam (3426+888=) 3.86. That is (3.86--8.8=) 
44 per cent. of the total steam formed in the boiler will be 
formed in the lower tubes. If the water received heat 
uniformly from the time of its entrance during its passage 
along the tube, it would have —- the temperature of 
the steam at (2791+6000 x 12=) 5.6 ft. from the front end 
of the tube, at this point the steam would commence to form 
and the current of water would be reversed. If the com- 
bustion is slow, as in the experiment, these two currents 
may each other without interference, but if the com- 
bustion be sufficiently rapid so that more heat is thrown on 
the lower tube (see Fig. 7), or if the feed water enters the 
tube at a higher temperature than 35 deg., so much steam 
= | be formed that the opposing currents of steam and water 

ill interfere and drive the water from thetube, when the tube 
would soon become red hot, and burst witha very moderate 
pressure. Although it is not probable that there would be 
an explosion in the ordinary acceptation of the term, still 
the steam and water would pour out into the furnace with 
certainly disastrous and perhaps fatal results. Your Com- 
mittee cannot say at what rate of combustion or tempera- 








* Report of Committee on Steam Boilers, 1871 
and Steam Engine. Trowbridge, p. 106. 


+t Heat 





*Sir William Fairbairn—Useful Information for En- 
gineers. 1st Series, p. 58, Ed. 1864, 


ture of feed steam would be formed in the lower tubes with | 5000 


sufficient rapidity to expel the water. That can only be 

determined by experiment, but they refer to the performance 

of a similar boiler, the boilers of the steamship Montana, 

which would seem to corroborate these views.* In the 

form of boiler at present manufactured by the exhibitors, 

ie tees = connected at both ends, which would obviate 
rouble. 








If there were consumed in this boiler } lb. of combustible 
for every square foot of heating surface per hour, the per- 
centage of perfect absorption would be, computed as in the 
other cases, 62.4 per cent. 

In comparing this boiler experiment with those made 
under atmospheric pressure, and the ordinary temperature 
(60 deg.), an allowance should be made for the greater 
proportion of the heat necessarily rejected throngh the 
chimney, for the gas must at best be discharged at the 
————— of the steam, if there is no feed water heater. 

This allowance will be for the Howard boiler under these 
circumstances of the trial [ (8835—35)+ (212—60)= ] nearly 
2; the heat necessarily wasted in the ordinary atmospheric 
test, which is [(212—60)+(2240—60)=] 6.8 per cent., and 
therefore in the Howard boiler (2 x 6.8=) 13.6 per cent. 

That is, if the Howard boiler had been tried under at- 
mospheric pressure, and with an atmospheric temperature 
of 60 deg., the percentage of heat usefully absorbed would 
have increased from 62.4 to (62.44+6.8=) 69.2. 

The same reasoning applies to the boilers tested at the 
Fair in 1871. 

Safety, facility for repairs, and durability, are the three 
most important points of excellence in a type of boiler, for 
with proper proportions of calorimeter and heating surface 
all types become equally economical. 

Your Committee consider that, under ordinary circum- 
stances, this boiler is equal in safety and economy, and is 
superior, under all circumstances, in durability and facility 
for repairs to any boiler of its class with which they are 

uainted, and they therefore recommend you to award it 
a silver medal. 

Your Committee have endeavoured, so far as they were 
able, to anticipate the action of this boiler, and the reasons 
for its peculiar construction, from an examination of the 
few sections exposed at the exhibition, but have received in 
this no assistance from the exhibitors. 

Respectfully submitted by the Committee, 

R. H. THurston, 
Tos. J. SLOAN. 
THERON SKERL. 

To the Board of Managers of the American Institute Fair. 


FOREIGN AND COLONIAL NOTES. 

Steel Rails in the United States.—The North Chicago 
Rolling Mill Company have contracted to supply 4000 tons 
of 8 rails to the Pittsburgh, Fort Wayne, and Chicago 
Railroad Company, to be delivered at the rate of 500 tons 
per month. There are now plenty of orders for steel rails 
at the American mills generally ; a considerable demand 
is also anticipated for railroads in the Southern States. 
A gennen of 50 dols. per ton at the mills is maintai 
with firmness. 


Steel-Headed Rail Failures. — Where failures have 
occurred with steel-headed rails on the Bavarian State Rail- 
ways, it has been generally at those parts of the lines where 
blocks are in use. here sleepers are laid, the renewals 
have been inconsiderable. The steel-headed rails made for 
the Bavarian State Railways weigh 75} lb. to the yard, 
and they are rolled in lengths of 19 ft. 7in. and 20 ft. 4in. 


Belgian State Railways.—Contracts are about to be 
let for the suppl of 800 trucks required for the traffic 
service of the + Bool State Railways. 


Pennsylvanian Coal.—The Pennsylvanian coal trade 
appears to be reviving, at any rate to some slight extent. 
e aggregate production of anthracite and bituminous 
coal effected to February 24 this year was 2,965,978 tons, 
inst 2,465,986 tons in the corresponding period of 1876, 
showing an increase of 499,992 tons this year. 
Austrian Ironstone.—The quantity of ironstone pro- 
duced in Austria in 1875 was 705,000 tons, or 201,000 tons 
less than in 1874. 








Gas at Madrid.—The quantity of gas sold a the 
Madrid Gas-Lighting and Heating Company in 1876 was 
5,831,000 cubic metres, as compared with 5,291,000 cubic 


metres in 1875, and 5,000,000 cubic metres in 1874. The 
net profit realised by the company last year was 62,1201., 
as compared with 56,1501. in 1875, and 53,3231. in 1874. 


Steel Rails in Belgiwm.—The Antwerp and Gand Rail- 
wa, pro po is replacing the iron rails upon its main line 
wi s of the Northern of France type. The ex- 
penditure made with this object by the company in 1876 
amounted to 12201. The work of replacement is to be 
continued this year. 

American Padlocks.—The D. K. Miller Lock Company, 
Pennsylvania, has received an order from Germany for 

locks. The company reports an‘increasing demand 
on both home and foreign account. 











* Nautical Magazine, London, November, 1873. 
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THE PULSOMETER AT THE NORMANTON QUARRY. 
CONSTRUCTED BY MESSRS. HODGKIN, 'NEUHAUS, AND CO., ENGINEERS, LONDON. 
(For Description, see Page 301.) 








LEGRAPHY. 
VARLEY’'s System. ; 
telephone in 1860 by Professor 
3 the transmission of 
musical notes by means of electricity as a probable 


method of telegraphing in the future. The last few 
years have seen the telephone amply 

y an accom’ 
t of this advance is due 
of England, to M, Paul 


TELEPHONIC TE 
mange 


__ ‘THE inventionof the its practical application to 


to Mr, Cromwell 





La Cour, of Denmark, and Mr. Elisha Gray, in 
America. It is not erally known that Varley 
deserves a considerable share of the credit of this 
work; but it will be seen from an examination of 
his 1870 patent that he anticipates several of the 
ideas more recently worked out by Gray and La 
Cour. His patent is rich in designs, but so far as 
we can learn there has been a want of development of 
them and carrying of them into practical use. 
Besides these tone-telegraphs of Gray and La Cour, 
we have also within the last year seen the a ~ 
ance of what must be regarded as the crown of this 
line of invention— the articulating telephone of 
Professor Graham Bell, for a description of which 
see ENGINEERING, vol, xxii., p. 518. 

The principle of the tone telegraph is that a 
certain Laer | note, sounded at one end of a tele- 
graph wire, shall be made, by means of an inter- 
mittent current of electricity, to ap at the other 
end of the wire. It is not that the same note is 
made audible at the other end; but that a like note 
is evoked there by means of the intermittent cur- 
rent. This is effected by causing each vibration of 
the sounding body giving out the note to ae 
the electric current in the wire. In this way the 
current in the wire is made intermittent, and the 
number of interruptions per second is the same as 
the number of vibrations of the sounding body. It 
is easy to see how by electro-magnetism, or other 
means, the current so interrupted cam be made at the 
other end of the wire to yield a similar note to that 
of the sounding body. Varley, Gray, and La Cour 
employ slightly different apparatus to carry out this 
principle. 

To begin with, Varley in his 1870 patent 
(No. 1044) proposes to work his telephonic appa- 
ratus in conjunction with the ordinary current in- 
struments, byjsuperposing rapid electric undulations 
or waves, which do not practically alter the mecha- 
nical or chemical power of the ordinary signal cur- 
rents, but which will produce distinct audible or 
other signals. An electro-magnet, he says, offers at 
the first moment great opposition to the passage of 
a current of electricity, and therefore may be con- 
sidered as partially opaque to the transmission of 
we id alternations or electric waves, 

ig. 1 represents the arrangement or apparatus at 
A 


B Fig. i. 


Lime 








one end of the line for Varley’s method. The 
apparatus at the extreme left marked A we need not 
consider. It is simply the ordinary arrangement 
for sending by Morse signals. That at B is, how- 
ever, the telephonic addition for each station. A 
condenser is attached to the line, and to the con- 
denser a signalling key. The other parts of the 
system are a battery, a vibrating tuning-fork, an 
induction coil with two primary coils and one 
secondary, and a ‘“‘cymaphen.” Cymaphen is the 
name given by Varley to the receiving instrument 
coastal adapted to receive the undulating signals ; 
and since we are first considering how these undu- 
lations are generated and sent we may for the present 
leave it out. The tuning-fork tuned to vibrate a 
certain note has one leg prolonged between two 
fine springs 8,S,. One pole of the battery is con- 
seated to the stem of the fork, the other pole is 
connected to both the first and second primaries of 
the induction 7 The or the first pri- 
mary is connected to a pair of little electro-magnets 
mm, and, through them, to the spring 8, The 
other end of the second primary is connected 
direct to S,. The secondary coil has one end 
connected to earth, and the other to the signalling 


key. 

“Whenever the long leg of the tuning-fork is sprung 
so that it comes into contact with the ees »& 
current flows through the first primary also 

h the electro-magnets mm. These magnets 

ull the legs of the fork slightly apart, and the 

le is pulled from contact with S, into contact wi 
8, when a currént passes in the second primary. 
But the current being broken in the pri circui 
the leg returns to the spring S,, to be again pulled 
back by the electro-magnets. So this goes on, the 
electro-magnet maintaining the fork in vibration, 
and momentary currents being sent into the first 
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and second primaries alternately. ‘These primaries 
are oppositely wound, and consequently the currents 
induced in the secondary are alternately of opposite 
kinds. Thus a series of electric undulations are 
generated in the secondary, of a number equal to 
the number of vibrations of the fork. By depress- 
ing the key these undulations alternately ge 
and discharge the condenser, thus setting up a 
corresponding series of electric undulations in the 
line, which travel to the distant station. 

Instead of the tuning-fork Varley also proposes 
to use a tongue, similar to those used in harmoniums, 
and made to vibrate by air between contact points 
80 as to connect the condenser alternately with the 
battery and the ground, and so produce the alter- 
nations, or made to connect the condenser alternately 
to the positive or negative pole of a battery whose 
opposite poles are connected to the earth. He also 
pro for the wave generator a magneto-electric 
machine rapidly rotating and controlled by a good 
governor. 

For cymaphens to utilise these vibrations he pro- 

a variety of simple and ingenious apparatus. 

é chief consists in a drawn iron or steel wire 
stretched over two bri on a sounding board. 
This wire through a hollow helix of silk- 
covered copper wire. o horse-shoe magnets are 
placed one on each side of the wire. The currents 


etise the steel wire pessing inside the helix, 
80 cause it to be attracted and repelled from one 
magnet to the other. When the wire is properly 
tuned so as to vibrate synchronously with the ap- 
paratus at the distant end making the alternations in 
the current, the sound from. very feeble currents is 
distinctly audible. A small coin may be placed on 
the sounding board so as to dance and‘re-inforce 
the sound. A stethescopée aids the hearing of the 
sound. A drum-head makes an advantageous sound- 
ing board, 
Other cymaphens may be constructed as follows : 

By making a condenser of dry paper and metal 
foil, the rapid charges and discharges producing a 
musical note. 

By employing Page’s discovery that if these cur- 
rents be passed through a helix containing an iron 
rod a musical sound will be produced. In the same 
way, if these currents be made to pass through a 
helix containing a —— harmonium tongue, 
they will cause it to vibrate audibly, especially if a 
feeble current of air be passing the tongue. By 
adding pipes of proper length and sounding boards 
the power of the signal is of course increased. 

By placing the etised tongue of a musical 
onl tween the poles of an electro-magnet with 
only a small iron core, or inside a coil, it is made to 
vibrate by the of the undulations, This 
plan and also the stretched steel wire between the 
magnets will only speak when vibrations in hermony 
with the tongue or wire are ing, conse- 
quently two or more distinct sets of vibrations can 
be to act on two or more sets of a tus 
differently tuned, and so permit. of rote istinct 
communications being transmitted simultaneously 
upon the same section of a single line wire. By the 
introduction of a synchronous current reverser be- 
tween the receiving condenser anda Morse or other 
receiving instrument, the alternating currents can 
be made to work these instruments in the ordinary 
be ma neo ers eae ag eg the first distinct 

or multiple y by the telephone, 
ooo other v agusent plans be utilising 
the vibrations vi y, Varley proposes 
thin steel wire of about No. 40 gauge through a 
helix in, front of a very narrow slit. A flame is 
behind the slit, but the light coming through 
checked by the wire; when the currents 
however, the wire is. put into vibration and the 
A lens in front throws a magnified 
image of the luminous slit upon a white screen so 
long as the wire vibrates. 
o other points set forth in Varley’s system 


deserve mention—namely, its capability of bein 8 
used in conjunction = the duplex system, an 
how, ee inating pairs of el ts in’ ‘the 
ner divides up a line ph mace which allow 

i to pass ut stop wave 
Serie nn then chin tan nioeiorraad as a whole it 
may ‘also be used in parts for the transmission of 
local messages. 


Il. La Cour's System. 
M. Paul La Cour, sub-director of the Meteorolo- 


to stretch a |i 


pass ectro-magnets 
means the soft iron legs of the fork acquire 


first results of his labours were embodied in an 
English patent dated 2nd September, 1874, No. 
2999. His first experiments were successfully made 
on the 5th of June, 1874, on a short line at Copen- 
hagen, but as it was feared that the vibrations might 
cease to be perceptible on lines of considerable 
length, M. La Cour, mes pony | in November of 
the same year, experimented on the line (part cable 
and part land line) between Fredericia, in Jutland, 
and Copenhagen, a distance of 390 kilometres. Even 
with weak currents the result was a success, as the 
tones evoked by the pulsations were easily per- 
ceptible. 

Cour’s sending apparatus is represented in 
Fig. 2. The current interrupter consists of a tuning- 








To Low 


fork F F, with its stem T let into and ‘supported 
horizontally from @ wooden frame B. When this 
fork is put into vibration, at each oscillation it makes 
contact with a sprimg p which cam be adjusted to 
the fork by the screw 3. The support of the spring 
p is yer et the wooden frame by the ebonite 
piece [. 

When the stem of the tuning-fork is connected 
through a ee bea with one pole of the send- 
ing battery, the other pole of which is to earth, 
and the spring p is connected to the line, or when, 
as shown here, these conditions are reversed and 
the battery is connected to the spring and the stem 
through signalling key to line, an intermittent 
current will flow into the line whenever the key is 
depressed, The intermissions of the current will of 
course be equal'to the number of vibrations of the 
fork, and synchronous with'them, The key will be 
worked as in ordinary signalling, but instead of 
continuous currents they will be Satermittent. On 
the fork depends the number of intermissions per 
second, By em an additional contact: with 


the other leg of the’ a succession of ite im- 
— may be made to alternate in the line, as in 
arley’s systent. 
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the local circuit is closed is so small a fraction of a 
second as to be hardly perceptible, even when the 
current is very weak.” 

The chief advantages of this system are that it 
easily admits of multiplex telegraphy or a number 
of distinct signals being simultaneously transmitted 
through one line wire ; and that it allows, by means 
of the local circuit, of the use of certain ordinary 
instruments for recording the messages. The 
intermittent current acts only on a tuning-fork in 
unison with the fork which rendered it intermittent. 
Hence a number of forks of different note may be 
employed, as in Fig. 2, to send by the signalling 
key a number of intermittent currents into the line 
at once; and the same number of forks in unison 
with these may thereby be set in vibration at the 
receiving station, each as shown in Fig. 3. The 
or a osed vibrations will not confuse each 
other. e fork in unison will in each case be 
started by its proper current, but will be still to all 
the rest. 

By this means a combination of elementary 
signals representing a word can be at once tele- 
graphed by depressing two or more signalling keys 
attached to two or more transmitting forks, ‘‘ played 
off” as one plays the keys of a musical instrument, 
Or again, the signals simultaneously sent may each 
be a a of distinct messages. This means will 
also allow of a términal station on a line communi- 
cating with any or several intermediate stations, or 
vice versd, witbout disturbing in any way the ar- 
rangements of the other stations. A-signal can thus 
be sent between any two stations without the other 
stations being aware of it. ‘In all cases where it is 
important, as in times of war, or to give alarm of 
fire, &e,., to transmit signals only to certain points, 
this system is applicable. 
is same power of conveying many signals at 
once is available for ee of an improved 
pantelegraph or fac-simile telegraph. In the exist- 
ing pantelegraphs of Bain, Caselli, and others 
there is only one marking style, and it lias to pass 
over the whole surface of the telegram’in order to 
produce a copy of it; but with the telephone a 
number of styles can be placed side by side, comb- 
like, and this comb may dos be drawn ‘in one direc- 
tion over the surface of the tele . In this way 
a — copy is peodasttas: tess time than 
formerly. 

M. La Cour also points out’im connexion with his 

what Varley takes into account in his, 
namely, that ordinary currents may pass from the 
line srr the receivers without causing any in- 
dication of their presence, unless, of course, when of 
considerable intensity, The advantage which he 
draws from this property is that ordinary atmo- 
spheric and terrestrial currents would not, as a rule, 
interfere with the working of his system of tele- 


8. 
owl have been seen that one defect in La Cour’s 
system above described consists in leaving the trans- 
mitting. fork in unassisted vibration, which owing 
to the resistance of the:air must ultimately cease. 





nts La Gour's . 

tuning-fork, not-of. 
transmitting fork, butvof soft iron, with each of ‘ite 
legs inserted into the hollow of. a:bobbin, © _C,,of 


wire. Two 


Fig. 3. 
It consists ofia 


cir 


- to vibrate, 
e es 
through ¢ the eli 
pct 
polarity, and being>close to the poles N S of the 
electro- et of opposite kind to themselves are 
forcibly pulled out let go in rapi pessio 
the intermittent current. Thus a-vibration is set upin’ 
the fork which is formed to vibrate in unison with 
the transmitting fork. -This ‘vibration ver 
brings one of the legs of the fork» into-contac 
the spring » placed near as shown ; and this. contact 
completes a local circuit ofa battery and receiving 
instrument, or relay, of the ordinary kind. 
In this way the vibratory currents are made to 
work the ordinary Morse or other instruments. ‘I 
cannot as yet,” said M. La Cour to the Royal 
Danish Academy of Sciences in 1875, “I admit, 
state the time required to produce in, the fork of 
the receiving vibrations of a certain 
It isa function of various factors; but ex- 





gical Institution of Copenhagen, is another chief 
worker in the field of telephonic’ telegraphy. The 
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In a subsequent ~ patent, however, dated 
February 29, 1876 (No. 843), he describes an im- 
‘_provemen i to. overcome this — = 
im maintaining the ‘vibratory energy of the 
inated by hereurvest interrupted ‘by the fork i 
uated e’current e fork i 
which. is sprung by -hand on starting. This 


80: closely-resembles ‘the receiving in- 










wibration, and» ‘playing keys @ 
paver Bir currents are into theline 

ood ‘@ continuously: sourrent,” says M 
La Courp “to other purposes 
han:teleg psf y'is so great that 

wy, thousands of « there is not so much 

iver or sdifference'as one current from the 
Seoutvaehibecel ake’ sim question. Ap- 





it is for many pur- 
well compensa 


accuracy to a 

‘Dwor@ther improvements on his first apparatus 
may also’*be mentioned here. He proposes the use 
of an induction coil or coils in connexion with his 
transmitting forks. ‘The primaries would be placed 
in circuit with the forks, and the secondaries in cir- 
cuit with the line, In this way a succession of 
alternately positive and negative currents, causing 
undulations or waves, would traverse the line. By 





perinené: shows thad the time which elapses before 


‘this mode he considers that ote facility and sim- 
plicity of operating would be obtained, and more 















































APRIL 20, 1877.] 


ENGINEERING. 








301 





currents would simultaneously traverse the Wire 
without interfering with each other. 

The other improvement consists in a means for 
rendering the duration of the local current of the 
receiving apparatus always the same as the actuating 
vibratory current which closes the local circuit. For 
this purpose he makes the tuning-fork of the re- 
ceiving apparatus of as small inertia as possible, in 
order that it may come quickly into vibration, and 
as quickly cease to vibrate. This is best carried 
out by so constructing the apparatus that both 
legs of the small tuning-fork are placed in the same 
reel of wire, wherein they are free to vibrate, and 
the stem is continued back through the middle of 
another reel of wire, and bent back again so as to 
terminate in two legs or branches which just enclose 
the two legs of the fork within them. en a cur- 
rent traverses both reels it produces, say, north mag- 
netism in both legs of the fork, and south magnetism 
in the branches. The legs mutually repel each 
other, and are also pulled apart by the attraction of 
the branches. When thereis a break in the current 
they spring together again, and thus the required 
vibration is kept up. 

(To be continued.) 
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The ey and Action of the Steam Engine. (For 
Practical Men.) By W. H. Nortucort, C.E. London : 
Cassell, Petter, ond: Galpin. [Price 7s. 6d.] 

Ir is not a little remarkable that in this country, 
which certainly may claim to be in a special sense 
the country of the steam engine, there has not been 
for years any book which could be recommended as 
a text-book of that machine. Rankine’s work is 
classical so far as it is purely theoretical, but is 
useless so far as any applications of the theory are 
concerned, while its mathematics places it beyond 
the majority of ordinary readers. Cotterill’s 
‘¢ Notes” are excellent, so far as they go, but they 
are adapted rather for students than for practical 
men. Such so-called ‘‘ popular” books as (for ex- 
ample) Evers’ are worse than useless, while Tredgold 
is out of date. It is, therefore, with considerable 
interest that we look to the appearance of any new 
work on the steam engine in the hope that at last 
the much wanted book may be forthcoming. Mr. 
Northcott’s book cannot certainly be said to supply 
the want—indeed it does not pretend to do so—and 
it contains not a few mistakes which will, we hope, 
be rectified in another edition ; but still it is on the 
whole by far the best of the books “ for practical 
men,” which have been recently published, and will 
be of considerable value to many. 

The author states his object as being “‘ to explain 
the most important parts of the theory and action 
of the steam engine with a fair degree of precision, 
and yet so as to be intelligible to the non-mathe- 
matical student.”” He endeavours also to point out 
the applications of the theory of the steam engine to 
its actual design. He seldom gives proofs of his 
statements or results—no doubt these would often 
have involved mathematical investigations forei 
to his purpose, and were therefore unavoidably 
omitted. ut his statements, so far as they are 
theoretical, are in general correct and well arranged, 
and, what is more, so clearly worded that their 
meaning can hardly be misunderstood. 

The first four chapters in Mr. Northcott’s book 
are chiefly upon the theory of combustion and the 
transmission of heat, and their application to the pro- 
portioning of the bar surface and heating surface in 
boilers and to the consumption of fuel under 
different circumstances, Then follows a chapter on 
the generation and properties of steam, another on 
the action of steam in the engine, and a few pages 
on the influence of the mechanism on the distribu- 
tion of energy. The eighth chapter contains a com- 
parison of the efficiency of various engine types, arid 
the last describes the indicator and gives some 
particulars as to testing engines chiefly in re- 
ference to the Farey-Donkin method, which is well 
known to our readers. . 

The author is at his best when stating a theory, 
which he often does tersely and clearly. Actual 
steam engine design or calculation does not seem 
80 much his forte, if we may judge from some of his 
statements, It is only fair, however, to remember 
that the chief object of the book is the statement 
of peg 4 and not of applications based upon it. 

As Mr. Northcott’s Kk will, no doubt, reach 
another edition, it may be well to note some of the 
points in which improvements might be made. 





Some further definitions of ‘ saturated” and “ super- 
heated” steam (pp. 68, 69) are very much required. 
By a pound of wet steam (p. 69) the author means 
a pound of a mixture of steam and water; the 
matter has been so thoroughly treated from this 

int of view by Zeuner, Clausius, and others, that it 
is a pity to speak of “ wet” steam in any way which 
may make it appear as if the steam itself were not 
saturated, asseems to be done here in more places 
than one. The seventh chapter (‘‘ Action and In- 
fluence of the’ Mechanism”) might be considerably 
enlarged with advantage if more were said in it as 
to the effect of the moving masses on the distri- 
bution of effort. Table VIII. can hardly do more 
than mislead, for the ratios of effort to resistance 
there given for velocity=0 bear scarcely any re- 
semblance to the ratios actually existing in ordinary 
quick running engines. The author mentions th 
difference, but can hardly have realised its magni- 
tude. The whole question has been well and prac- 
tically treated by Professor Radinger, of Vienna. 
The statement, by the way, that the velocity of a 
piston is greatest at mid-stroke (p. 111) is one very 
often made, but erroneous. With a finite connect- 
ing rod the piston velocity is equal to the crank-pin 
velocity at mid-stroke and at one other point, but 
is greater than that of the crank-pin between 
these points, and is a maximum when the connecting 
rod and crank are at right angles. The ‘ingenious 
arrangement” of the trunk compound engine is an old 
fallacy which should not have been reproduced. 
Apart altogether from the fact that the use of high 
and low pressure steam in the same cylinder is 
essentially bad, and that the trunk is a splendid re- 
frigerator just where it is not wanted, the proposer 
of this arrangement has forgotten that the trunk 
allows the atmospheric pressure to act on three- 
fourths of the area of the low-pressure piston, and 
that this would probably just about balance the 
steam pressure behind it on the out stroke, All the 
work would have to be done by the high-pressure 
steam and the atmosphere on the in stroke. 

Mr. Northcott has a great deal to say about steam 
jackets, and what he does say as to their theory is 
on the whole well put. We should like, however, 
to see some more distinct numerical statement of 
the saving which can in many instances be effected 
by them. Six per cent. is mentioned in one place as 
realised under particular circumstances, but the 
author must know that under many conditions oc- 
curring in ordinary practice the actual saving is im- 
mensely greater. It should be very distinctly re- 
membered, however, that if the steam during 
admission remained dry and saturated, as is gene- 
rally assumed in the consideration of the ‘‘ perfect 
steam engine,” the jacket would be absolutely dis- 
advantageous. The liquefaction ofa small quantity 
of steam which would occur during adiabatic ex- 
pansion would not be in itself anything to be pre- 
vented, on the contrary it must occur if the engine 
is to attain its maximum efficiency. In practice we 
have not yet got any means, except the use of a 
steam jacket, of insuring that there shall be no 
water mixed with the steam at cut off, and once ex- 
isting it pretty effectually prevents liquefaction in 
the cylinder during expansion, although that has 
not been its primary object. In some passages the 
author seems to speak as if the mere liquefaction 
during adiabatic expansion were in itself an evil to 
obviate when the jacket is used. 

Mr. Northcott has added some capital Tables to 
his book. Table IV., the Properties of Saturated 
Steam, is perhaps the most complete which has yet 
been published in this country. It contains nearly 
everything given by Zeuner, but more conveniently 
arranged, and all quantities are given. both in 
English thermal units and in foot-pounds. We 
have checked a number of the figures and have 
everywhere found them accurate. The Table is 
worth cutting out and mounting on cloth; in the 
book itself it cannot be very conveniently used for 
reference. The want of such a Table in English 
measures has often made itself felt, and Mr, North- 
cott deserves special thanks for the care with which 
he has worked it out. The bookis well printed and 
the engravings are clear and good. 


A Handbook of Architectural Styles. Translated from 
the German of A. RoseNGARTEN, by W. CoLLert- 


Sanpars. With 639 Illustrations. London: Chapman 


and Hall. 
The Handbook of Rosengarten is one which has 
achieved considerable reputation in Germany, and its 
English edition may be said to take up grant not 
— occupied. As Mr. T. Roger Smith, who 
e 





it, justly says in his preface: “ It is suffi- 








‘* ciently minute and exact to be valuable as a hand- 
“‘ book to the professional student ; but it is at the 
‘same time so free from burdensome technicalities 
“* that it will probably interest many cultivated non- 
“* professional readers, to whom architecture is a 
‘ subject with which they would gladly gain a cer- 
‘* tain amount of familiarity.” 
The work is divided into three ‘ books,” dealing 
or with ancient achitecture, Romanesque 
itecture, and modern architecture. In the first 
book we find the author first treating of the early 
architecture of India, Egypt, Western Asia, and 
China, and passing on to the classical periods of Gre- 
cian, Etruscan, and Roman architecture. Book the 
second brings us first to early Christian architec- 
ture, and then to Christian architecture of the 
Middle Ages, the Christian basilicas of Rome, 
Byzantine and Mahomedan architecture being dealt 
with under the former head, and the development 
of the Romanesque, Norman, and Gothic styles in 
Italy, France, England, and Germany under the 
latter. Finally, we have in the third book an ac- 
count of the architecture of the Renaissance, timber 
architecture, and the architecture of the present 
day. We have contented ourselves with merely 
eg. carte, the contents of the book under notice, 
for the work is one which must either be dealt with 
in this way, or reviewed at a length greater than 
our space will permit. We may add, however, that 
it is pleasantly written and most copiously illus- 
trated, the engravings alone constituting a ‘‘ hand- 
book of architectural styles” in themselves. 





THE PULSOMETER, 

WE publish on page 299 an illustration of an extremely 
expeditious mode of raising water out of quarries. 
During the late unprecedentedly heavy floods, Messrs, 
8. Seal and Son, of Wakefield, whose quarries are situated 
in Yorkshire, Derbyshire, and Staffordshire, have had 
several of their works stopped from the extraordinary 
accumulation of water. This was notably the case at 
their Normanton quarry in Yorkshire, where they extract 
large quantities of material for grindstones for the Shef- 
field market, as well as for scythe and other stones for 
South America and India, This quarry is 82 ft. by 60 ft. 
and 72 ft. maximum depth. The shallowest workings 
were covered to a depth of 10 ft., but on a space of 46 ft. 
by 24 ft. it was filled with 45 ft. of water. This ocour- 
rence was quite a new experience in the working of the 
quarry, and no pumping apparatus had been provided for 
clearing the water, consequently the whole of the work- 
men were thrown out of employ. It was first the inten- 
tion of the owners to fix a centrifugal pump, but this 
would have entailed heavy expense and considerable 
delay, moreover the part to be drained was very inac- 
cessible, and there were but small facilities for fixing the 
machinery. They consequently decided upon fixing one 
of the No. 7 pulsometers, manufactured by Messrs. Hodg- 
kin, Neuhaus, and Co., of Queen Victoria-street, London. 
This pump, the construction and mode of working of 
which has already been described in these columns, see 
ENGINEERING, vol. xxii., page 56, was, together with a 5-in. 
cast-iron suction pipe and a 4-in. cast-iron discharge pipe, 
slung to the quarry crane and lowered to the water. As 
the water was pumped out, additional pipes were fixed 
until at length the bottom was reached,adepth of 72 ft. 
from the surface. This body of water, from the com- 
mencement of the pumping, was lifted in about three days, 
the men being then again able to resume work. A wellis 
now being formed at the foot of the suction pipe into 
which the quarry is drained and the place is now easily 
kept dry by turning on steam for about two nights per 
week, The pump is fixed upon two beams about 9 ft, 
from the bottom, and with a steam pressure of from 50 Ib. 
to 55 Ib. to the square inch from boilers about 136 ft. 
away (and which are running the whole of the machinery 
of the works) ; the water is at present raised at the rate of 
15,000 to 20,000 gallons per hour for a height of 72 ft. 

The introduction of the pulsometer into this country has 
been attended with considerable and very marked success. 
The first cost is of small concern, com with the 
promptness with which the apparatus can be installed, and 
the inexpensive nature of the appliances required to fix it. 
When in operation it requires no special attention and is 
not liable to derangement or stoppage. The pulsometer 
was erected and the Normanton quarry drained Ld Mr. 
John Mudd, Normanton, the representative of Messrs. 
Hodgkin and Neuhaus in Yorkshire. 





Gas In Paris.—The revenue of the Parisian 

for Lighting and Heating by Gas amounted in 1876 to 

1,851,3651., or 111,0401. more than in 1875. The sales of 

effected by the company in 1876 amounted, in round 

, to 7,280,000,000 cubic feet, against 7,000,000,000 

cubic feet in 1875. Further capital ne sepeniee by the 

com; last year to the extent of 360, 4 The came 

se onlay of enplial bes thus been carried to 6,480,0001. 
facluding the balance brought forward from 1875, the net “ 

peek) seated i by the company in 1876 amounted to 
? ? e 
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(For Description, see the following Page.) 
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THE WEST PHILADELPHIA SHOPS—(concluded). 

THE locomotive and machine shop, as already 
stated, is rectangular in form, 280 ft. ]}in. long by 
82 ft.8 in. wide, and covering an area of 21,840 square 
feet, Fig. 18 (see page 279 ante) isa plan showing 
the general arangement and disposition of machines, 
Fig. 19 is partly a transverse section and partly an 


Fig.49 


the screwed ends enlarged so as to make the 
section uniform throughout. The cross braces vary 
from 4in. by 12 in. to 6in. by 12 in., and a stretcher 
10 in. by 12 in. extends horizontally between the 
the rafters. The drawing shows the arrangement 
of the ventilators in the upper part of the roof. 
Fig. 20 is an enlarged view of one side of this 
raised portion, filled in with glazed sashes hung upon 
centres, and so arranged that they can be opened 
and closed together in sets. Figs. 21 to 28 show 
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FREIGHT CAR SHOP. 


elevation of one gable end. The roof trusses in this 
building are placed 10 ft. 6 in. apart from centre to 
centre. The rafters are 10 in. by 12in., and the hori- 
zonal tie beam is in three timbers 34 in. by 12in. At 
each end between the tie and the wall plate, which is 
of white oak in two pieces 3 in, by 12 in. each, is placed 
& timber 8 in, by 12 in. The vertical rods are arranged 
in pairs and from 1] in, to 1} in, in diameter, with 


the forms and dimensions of the various cast-iron 
blocks by means of which the connexions between 
the timbers in the roof truss and tie rods are 
made, Each of these blocks is numbered both in 
detail and on the section Fig. 19, so that their re- 
lative positions can be easily identified. The pur- 
lins are 44 in, by 8 in. placed 3 ft. apart from centre to 








centre, and spiked to the principal rafters, These 
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are covered with pine boarding, 1 in. thick, and 
slated. Fig. 29 shows to an enlarged scale one of 
the side walls of the building; the foundation is of 
stone 2 ft. 6 in., with a stone course running around 
at ground level, and the brickwork of the walis is 
22 in. thick through the pilasters which divide the 
walls into panels. In the length of the building 
there are found eleven large doors 11 ft. wide by 
15 ft. 10 in. high, with elliptical arched headways ; 
they are glazed and some of them are provided with 
wickets. . Large doors are also placed in each gable 
end as shown in Fig. 19, and there are four semi- 
circular-headed windows, In the sides of the build- 
ing the windows are rectangular. Fig. 29 shows the 
arrangement of sash, At frequentintervals ventilating 
es are placed around the building, passing 
through the foundation walls, and opening under the 
floor joists. These openings are protected by cast- 
iron gratings as shown in the drawing. The same 
figure also indicates the arrangement of sewer and 
connexions. From the plan, Fig. 18, it will be seen 
that there are eleven pits, and lines of rails for engines, 
one pair passing out through the back of the shop, 
and connecting witha siding as seen in the general 
plan. All eleven tracks pass through the front of 
the building to the transfer table, to which reference 
will be made presently. The construction of the 
pits is similar to that already described and illustrated 
for the engine-house, and the flooring is also similar. 
The space between the front of the house and the 
transfer pit is bricked. Fig. 18 shows the general 
arrangement of tools in that part of the building 
devoted to the machine shops, none of them, how- 
ever, call for any special observation. By reference 
to Fig. 18, the relative positions of this oe the 
blacksmiths’ shops, the chimney stack and the boiler 
and engine-house will be at once understood, Figs. 
30 to 35 show the design and construction of 
chimney stack, It is 12] ft. 8in. high, built of 
brick upon a stone foundation and a cap of cast 
iron. ‘The section has the form of an eight-pointed 


star, and it will be noticed that the points of the\ 








star are built hollow, and bave air openings at the | 


bottom and top of the stack. An inner lining 
44 in, thick runs throughout the stack, but is not 
bonded to the rest of the brickwork ; as far as aa, 
Fig. 30, it is of firebrick. 

Figs. 18, 37, 38, refer to the west blacksmiths’ 
shop, that one in communication with the locomo- 
tive and machine shops. It is 70 ft. wide and 
162 ft. 9 in, long, and a floor area of 10,626 
square feet. The roof trusses resemble closely that 
used in the locomotive shop. They are placed 16 ft. 
apart; all the dimensions are marked upon the 
drawings, and the cast-iron angle blocks are 
numbered to correspond with those shown in 
Figs. 21 to 28. There are twelve double forges in the 
shop; the arrangement and construction of these 
are indicated in Figs. 37 and 38, Each hearth is 
5 ft. 2 in. long and 4 ft. 6 in. wide, and they are 
placed 2 ft. 6 in, apart. The height from floor 
to top of forge is 1 ft, ll in. Around the top 
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edge is an iron plate § in. thick and 4 in. wide, held 
down by bolts through the brickwork, as shown. 
The back of the forge is raised, as shown by the 
dotted lines, and five courses of brickwork are laid 
on each side as shown, to form the base for the 
curved hood protecting the fire. This hood is of 
cast iron } in. thick, with an 8 in. face, and formed 
asshown, At the top the hoods are anchored into 
the brickwork, and each pair is also tied together by 
two tie-rods 1 in. in diameter. The brickwork is 
carried above the hoods, as shown, and the form of 
the flue indicated by dotted lines. After the flues 
meet they are run up together in a trunk 38 ft. 3 in. 
by 2 ft. 2 in., and fora height of about 20 ft. to the 
level of the tie rods of the roof. They then run in 
a sheet-iron flue 2 ft. in diameter, and about 21 ft. 
high, with a ventilator at the top (see Fig. 36). 
Underneath each row of forges runs a line of cast- 
iron pipe for conveying the blast ; the diameter of 
this pipe varies from 10 in. near the fan to 4 in. at 
the furthest forge. At each pair of hearths a 
vertical branch is led off from the main pipe, which 
divides horizontally as shown, and goes to each fire. 
Valves are adapted to the pipes to regulate the 
amount of blast, and each pipe terminates in a copper 
nozzle 24 in. in diameter P aced in a hollow cast-iron 
tuyere, which is kept cool by the circulation of water 
brought from the tanks placed between the hearths 
and above the fire level, and led through the tuyeres 
by pipes, as shown in Fig. 37. 

The boiler-house is built of bricks with a roof 

similar in construction to those already illustrated 
and described. It encloses an area of 3914 square 
feet, and has two lines of rails running through it, 
one for the accommodation of boilers; and the other 
of tankwork. The store-room, which presents no 
special features, is also of brick with a wooden and 
iron roof ; it has an area of 3085 ft. A second floor 
is added to this building supported ona row of cast- 
iron columns, carrying rolled beams that take bear- 
ings in the side walls, These beams carry the floor 
joists. 
; The oil house is indicated in the general plan, 
and its construction is shown in Figs. 39 to 46. It is 
intended to be a fireproof building, and consists of 
one main portion 24 ft. by 30ft., with a boiler-room 
added 13 ft. by 13ft.6in. A platform 6ft. wide 
extends down the front of the structure, the level 
being 4ft. above that of the adjacent siding. As 
shown in the plan, the building consists of a base- 
ment and one story, and up to the level of the 
higher floor the walls are of stone. An entrance to 
the lower portion is provided under the platform. 
The floor of this portion is of brick laid in cement, 
and as will be seen in the sections, Figs. 39 and 41, 
brick platforms supported on arches are laid on 
each side, with a passage in the centre 7 ft. wide, 
for carrying oil tanks, The upper floor is partly 
supported by two cast-iron columns 3in. in dia- 
meter at the top and 4 in. at the bottom, resting 
upon stone foundations. Upon these columns are 
placed J beams 9 in. deep. The ends of these rest 
on anyle irons laid on the walls of the building, and 
the thrust of the floor arches is resisted by 1] in. 
diameter tie rods, The spaces between the walls 
and columns are spanned with brick arches of the 
form and construction shown in Fig. 42, and they 
are levelled with concrete, and paved with brick. 
The upper floor is also used for storing oil, and the 
tanks are carried by brick pedestals, surmounted by 
stone caps. The sizes and positions of these are 
shown in the drawings. The upper floor is lighted 
with seven windows, and the basement by glazed 
y mer in the upper floor, and marked a in Fig. 
40. Glazed openings are also made in the end of 
the building (see 4), behind which gas burners are 
lighted at night to illuminate the interior, and avoid 
the risk of taking lights into the building. The 
roof is a simple structure, shown in Fig. 41, and in 
the details Figs. 43 to 46. 

The tanks are all made of boileriron. The rect- 
angular ones in the basewent are formed with a 
sloping bottom, to allow sediment t» be more easily 
run off. There are three of these on one side of 
the house, and four on the other, ard the capacity 
varies from 1130 gallons to 1739 gallons each. On 
the upper floor the smaller tanks contain 361 gal- 
lons and the larger 642 gallons each. The total 
capacity of the building is 3854 barrels. It should 
be mentioned that over each basement tank, open- 
ings are made in the upper floor, and lengths of 4-in. 
pipe introduced, for the double p of filling 
the lower from the upper vessels, or for pumping 
supplies into the latter. 

he passenger car shop is 82 ft. 1} in. long by 


82 ft. 8 in. wide, divided into three spans, arranged 
as shown in Figs. 47 and 48. The outer: walls of 
the building are of brick, and two rows of co- 
lumns run down the length of the building, di- 
viding it into two outer bays of 26 ft. 6 in. and 
one centre one of 26 ft. Onthe tops of the co- 
lumns vertical trusses are framed as shown, and 
upon them the centre raised roof is placed, ventila- 
tors being arranged as shown. The height of the 
tie beams in the side roofs above the floor is 18 ft., 
and the principal raftérs are framed at their upper 
ends against the top of the trusses placed on the 
columns. The tie beam of each truss is bolted to 
brackets on the columns as shown. The principals 
are placed 16 ft, 4 in. apart from centre to centre. 
The building contains 14 tracks, and foundations 
for pits in each of these are made, so that if desired 
the building can be converted into a locomotive 
and machine shop. The floor is at present entirely 
boarded. 

The blacksmiths’ shop connected with this build- 
ing is exactly the same as the other one already de- 
scribed, but it contains only 34 fires. 

The freight car repair shop is 227 ft. by 108 ft. 
Qin. Fig. 49 is partly an elevation and partly a 
section of this building, and Fig. 50 is a plan. e 
roof is nearly flat, and is supported by four rows 
of timber columns 8 in. and 10 in. square. Raking 
struts 5 in. by 6 in. from the top of the posts help to 
carry the principal rafters, which are 6 in. by 8 in. 
The centre part of the roof is raised, as shown, for 
the whole length of the building, forming a venti- 
lator 33 ft. span. The roof of the building, which is 
carried on purlins, 3 in. by 7 in., is covered with 
tarred felt and gravel. There are six tracks in this 
building, which contains accommodation for 42 
freight cars. At each end there are 6 doors, 1] ft. 
wide, 

The water used at these works is obtained from 
wells belonging to the company, the supply being 
pumped into a reservoir 60 ft. diameter, and 16 ft. 
deep. The amount consumed at the works and sta- 
tion exceeds 132,000 gallons per day. 








A NEW INDUCTION COIL. 

A giant inductorium has recently been constructed 
for W. Spottiswoode, F.R.S., by Mr. A. Apps. 
The first instrument of comparable calibre was 
made for the Polytechnic Institution in 1869. Its 
construction caused much stir and awakened great 
hopes at the time. These, however, it has not 
realised, and the failure is perhaps less attributable 
to the inconvenience of the instrument than to the 
removal from the Institution of the man (Professor 
Pepper) who best knew how to utilise its vast power 
and display its marvellous effects. This coil has 
now been for several years ‘‘on view” in the hall 
of the Polytechnic, where it is sure to produce effect, 
if not by its magnitude, at least by the contrast it 
makes with its immediate unscientific and puerile 
surroundings, 

The new mammoth coil will not in all probability 
be consigned to such premature obscurity, for it is 
beyond the hampering solicitude of a committee of 
management, being in the laboratory of a savant 
who is as diligent in his researches as munificent in 
his outlays, and who, moreover, has just declared 
the new instrument to be the common property of 
men of science. Mr. Spottiswoode made this generous 
statement in the lecture which he delivered at the 
Royal Institution, on Friday, 13th inst., and the 
applause, however spontaneous and prolonged with 
which it was received, was but a prelude to the 
appreciation with which it will be hailed by the 
scientific public. The instrument is now fitted up 
in the laboratory at Sevenoaks, where investigators, 
desirous of extending their researches, will be 
welcome to the use of this new and vast source of 
energy. 

An idea of the appearance of the coil may be 
gathered from the illustration on the previous page. 
It is supported by two massive pillars rising from a 
mahogany stand which rests on castors. The 
central strain is supported by a pillar, which may 
be raised or lowered by means of a differential 
screw. 

The coil is provided with two primaries, one being 
used for long thin sparks, and the other when short 
thick ones are required. The removal of one 
primary and the introduction of the other are easily 
and promptly effected. The same kind of copper 
wire is used for both, the different effects being ob- 
tained from a modification of the soft iron core. In 








the first primary (that used for long sparks) the 


core consists of a bundle of wires weighing 67 Ib., 
and forming one asolid cylinder 44 in. in length 
and 3} in. in diameter. The copper wire is of 93 
per cent. conductivity and has a total resistance of 
2.3 ohms. It is 660 yards long and .096 in. in 
diameter. It is wound in six layers and contains 1344 
convolutions. Its weight is 55 lb. 

The other primary has a core similar in construc- 
tion. It weighs 92 lb. and forms a cylindrical mass 
of soft iron 44 in. longand 3.8 in. in diameter. The 
copper wire is 504 yards long and weighs 841b. It 
is wound in three layers, forming three distinct 
circuits, which may be connected in series or coupled 
together in threes. This novel arrangement admits 
of the employment of different battery power on the 
separate circuits; currents of different degrees of 
strength may be made to follow in regular succes. 
sion as to time and duration. It is expected that 
careful sets of experiments, made in this manner, 
will lead to important results in the phenomena of 
the stratified discharge in vacuum tubes. 

The secondary consists of 280 miles of wire, thus 
exceeding by 130 miles that of the Polytechnic. 
This wire has a conductivity of 94 per cent. and a 
total resistance of 110,200 ohms. It is wound in 
four sections, each consisting of about 200 layers. 
The diameter of the wire forming the two outer 
sections is slightly greater than that of the inner 
ones. This increase is intended to obviate any in- 
jurious effects that might arise from the accumulated 
charge which those extreme portions of the con- 
ductor have to carry. The total number of turns in 
the secondary is 341,850, the length of each 
gradually increases from 2} ft. to 5 ft. It has been 
thought desirable to increase the coil in diameter 
rather than in length, as experiments seem to in- 
dicate that the spark is due more to the number of 
convolutions than to the length of the wire, pro- 
vided proper insulation be maintained. 

The maintenance of this insulation in the suc- 
cessive stages of the coil is precisely one of the 
most vexed problems with which the constructor 
has to grapple; and the high degree to which it has 
been carried out in this powerful instrument, is a 
monument ere perennius of the gkill and ability of 
Mr. Apps. 

It may be interesting, as affording an idea of the 
labour entailed, to know that each of the 800 layers 
was tested separately and then in sets, the results 
being carefully noted down for the purpose of com- 
parison. Numerous experiments were made with 
varying current strength, and finally an extreme 
test wasapplied, This consisted in sending through 
the primary the current from a battery of 70 Grove 
cells; and when we add that no damage was done 
to the great induction coil, we have virtually said 
that its insulation is well-nigh perfect. 

It might be supposed that the sympathetic 
impulse set up in the primary by the self-induction 
of the battery current, and technically known as 
the ‘‘extra current,” would bear a direct propor- 
tion ceteris paribus to the magnitude of the coil; 
but this does not appear to be the case. The extra 
current on breaking—which is more mischievous in 
its effects than that on making —is certainly 
powerful; yet in the present case it does not 
require for its diffusion a larger condenser than 
that employed by Mr. Apps for his 10-in. spark 
coil. The present condenser, the result of several 
experimental trials, consists of 126 sheets of tinfoil, 
18in. by 8} in, separated by varnished paper .011 of 
an inch in thickness. 

The power of a coil is usually estimated by the 
extreme distance between the two terminals of the 
secondary at which a spark may be obtained. It is 
obvious that this will in part depend upon the 
strength of the battery used. It may be pertinent to 
remark that the longest spark obtained from the 
Polytechnic coil was 29 in., and to produce this a 
battery of 40 Bunsen cells was necessary. With 
5 quart cells of Grove, the new coil gave a spark of 
28 in,; with 10 similar cells one of 35 in., and with 
30 cells a spark of 42 in. As this last veritable 
flash of lightning was readily obtained, it is presumed 
that the full spark-giving limit of the coil has not 
yet been reached. ‘ F 

A variety of curious and interesting experiments 
has already been made. At the Friday evening 
lecture referred to above, Leyden jars, globular in 
form and about 2 ft. in diameter, were charged to 
their utmost capacity by one single —_. Upon 
connecting three of these together and allowing as 





many sparks to pass, it was found that the middle 
jar—although made of thick glass—was orated. 
A block of flint glass was shown, which had been 
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pierced by a 28 in. spark, produced by the current 
from 5 quart cells. In some cases it was observed 
that the glass was not only pierced but also 
fractured. It is estimated that the 42 in. spark 
would perforate a block 6in. in thickness, The 
yolatilisation of metals by the induction spark was 
readily shown, and by the introduction of the 
electric lamp and bisulphide prism, beautiful spectra 
were thrown upon a screen and with such vividness 
as to render the coloured bands and dark lines 
distinctly visible at considerable distances. It was 
noticed in the case of vacuum tubes, that the illu- 
mination was very brilliant and of long duration, 
so that the backward and forward motion of the 
strie could be easily detected by the unassisted 
eye. By introducing several Leyden jars into the 
secondary circuit, the non-striated character of the 
discharge through vacuum tubes was beautifully 
contrasted with the perfectly regular stratifications 
of the induced current. 

The various phenomena of the striated discharge 
engaged, at an early hour, the attention of Sir 
W. Grove, and more recently was made the subject 
of an elaborate series of experiments by Mr. J. P. 
Gassiot. It has now, for some time, received much 
attention from Mr. Spottiswoode, and we believe that 
the new coil has been constructed mainly to enable 
him to clear up a few doubtful points, and bring his 
investigations to a successful issue. 

It was certainly a happy idea of Mr. Spottiswoode 
to exhibit for the first time to the public, the un- 
precedented power of his new coil in the theatre of 
the Royal Institution. No fitter place could have 
been selected than that in which the prince of ex- 
perimenters discovered the phenomena of induction 
and penetrated their meaning with keen investiga- 
tion. 








HYDRAULIC GUN CARRIAGES, 
On Gun Carriages for the Circular Ship “ Vice-Admiral 
Popoff.’’* 
By LrzuTenant Razxazorr, Imperial Russian Navy. 
THE gun carriages for the popoffka Vice-Admiral Popoff 
—on which I have had the honour to receive an invitation 
to read a i not a novelty as far as the principle of 


raising and lowering guns on a pair of rocking levers is 
concerned. That is an old arrangement, proposed by several 
, the most eminent 


persons, and notably by Major Moncri 
labourer in the field of the Gesgpenstinn gun carriages. 

The adoption of hydraulic power for working guns dates 
from still earlier times; forin an English patent, taken 
out fifteen years ago, the inventor says that “‘ steam ma 
be applied or used in raising and lowering the cannon throug 
a system of hydraulic cylinders and pistons.” 

n these two respects, therefore, the gun i form- 
ing the subject of this paper are not new, but there are 
several original arrangements and improvements, which 
the author trusts may be interesting to the members of 
the Institution of Naval Architects. 

The general simplicity of design arising from these im- 
provements, together with compactness and strength of 
structure, induced Hjs Imperial Highness.the head of the 
Russian Imperial Navy té adopt the gun carriages for the 
two 40-ton guns forming the armament of the circular 
ironclad Vice-Admiral Popoff. 

The design is the joint production of the author and Mr. 
Anderson, member of the firm of Messrs. Eastons and 
Anderson, by whom the construction of these gun carriages 
has just been completed. .It will be for the Institution to 
judge if there are good grounds for expecting full success 
for the system. 

The drawings (see next and following page) and the model 
illustrate the arrangement of a double-revolving gun car- 
riage for two 40-ton 12 in. guns. 

The base of the system consists of two pairs of parallel 
armonr plates (6in. thick) corresponding to theordinary sides 
of acommonguncarriage. These sides are connected to each 
other—in front by steel castings of triangular section and 
iron plates ; in the rear by iron plates and angle brackets, 
and in the middle by two cast-steel buffer boxes and by a 
central socket piece which fits on to a pivot fixed to the deck 
= turret, and about which the platform so formed re- 
volves. 

The members of the Institution will perceive that the 
carriage sides in this design form the main frame of the 
revolving platform, which has no rollers, but is simply 
carried by and slides on a turned wrought-iron ring or path, 
which arrangement gives better support and sufficient 
freedom of motion. 

In order to further strengthen the platform, as well as 
to provide the means of turning it, a heavy cast-steel ring 
forming a bevel wheel is fixed underneath, and is turned by 
a steel pinion, the shaft of which is actuated by a 40-horse 
double-cylinder engine placed {on the main deck nearly 
sare nt prt ncn i 

rough the front part of the carriage sides two rocki 
shafts are threaded, and carry on their extremities pairs o 
rocking arms, on the outer ends of which the Ss are 
supported be Baer trunnions. To the rear ends of the 
sides hydraulic cylinders are fixed, two for each gun. They 
are connected in pairs by pipes, so as to act simultaneously. 
The plangers or rams of the cylinders are connected to 


* Read at the eighteen i i 
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rocking arms by meansof heavy connecting rods, so that 
when these plungers are driven out they turn the arms 
raising the guns to the firing position, at which point the 
arms rest against buffers fixed on the front part of the 
platform. 

In this position the arms supporting the guns never come 
within a few degrees of the vertical, so that whenthe water 
is allowed to escape from the.cylinders the plangers will be 
driven in by the weight of the gun, which will thus descend 
to its loading position where it rests on the central buffers. 

It will be perceived that the simple arrangement described 
is only possible with hollow-trunk cylinders, the connecting 
rods of which abut against the bottoms of plungers at their 
lower ends forming a ball-and-socket joint, by which means 
all guides are avoided, and with them the complicated 
ae of the turntable. This disposition forms 
one of the most novel points in the design. 

The breech end of the gun is supported by a [pair of 
radius bars which steady them and determine the path of 
the gun in moving from the loading to the firing position, 
and vice versa. 

The elevation or depression is also given by means of 
these bars, the lower ends of which are jointed to the 
studs of two sets of elevating gear which are fixed symme- 
trically on the outer faces of the carriage sides, and are 
worked by one handle common to each pair. 

Each elevating arrangement consists of a screw working 
cow a nut, having a stud on it for receiving the lower 
end of the radius bar, so that when the screw is turn 
- nut travels up and down and moves the lower end of 

e us bar. ; 

The elevating screws are so fixed on the carriage sides 

+ when a is up the motion of the nuts connected to 
the lower ends of the radius bars produces nearly the same 
amount of motion to the breech of the gun, thus varying 
its elevation ; but when the is in the loading position 
the motion of the lower ends of the bars does not cause 
any sensible motion to the breech, so that when the gun is 
down the elevation or depression can be changed without 
moving it. The gun will assume its proper elevation as it 
rises into the firing position; and again, if the gun is fixed 
with any angle of elevation, it will always come to the same 
loading position. : 

Here it may be remarked that this ingenious arrange- 
ment of elevating bars is not new, and it is believed was 
first proposed by Mr. Eads in 1867 for his carriage for dis- 
appearing game: but in the present design the respective 

sitions of arms and elevating bars is so selected that it 

enabled the two 40-ton guns, each 20 ft. in length and 
5 ft. in diameter, to be accommodated in the rownd fixed 
turret 26 ft. in diameter and 6 ft. 10 in. in depth, allowing 
sufficient room for working the guns. 

For raising the guns, water is used under a pressure of 
about 600 Ib. per square inch, es by a small Anderson’s 
patent duplex pump, and sto up in an accumulator, to 
which the author will again refer. 

The water from the pump _— through the central 
pivot of the platform, and is then distributed to the four 
cylinders as shown in the drawings. 

This ent for transmitting the water through the 
centre of the a is a common one, but has 
been considerably simplified. It consists of a pipe which 
does not revolve and is fixed in the centre of the pivot 
which is made hollow for the purpose, and is surro 
by a massive gun-metal chamber which is fixed to the plat- 
form and revolves with it. 

The water under pressnre flows through the centre pipe, 
and the waste water escapes by the hollow pivot. 

A branch from the pivot pipe leads to a pair of Luthy’s 
balanced valves, which distribute the water to the cylinders, 
so that each gun can be raised and lowered by the motion 
of one hand lever. 
working these guns on account of its simplicity. 

It is obvious that the guns can be stopped in any posi- 
tion and lowered gently at pleasure. Each hand lever is 
connected to the ram of a cylinder by means of a rod, so 
that the water is automatically shut off when the gun 
reaches its topmost position. 

It will be plainly seen from the drawings that the weight 
of the gun when in the loading position is acting on the 
arms when they are at an angle of about 75 deg. with the 
vertical. This angle diminishes as the rises, and 
therefore the greatest pressure is required in the cylinders 
when the gun is started after loading, but as the gun 
ascends, its weight gradually comes in the rocking shaft as 
the arms become more nearly vertical, and therefore the 
pressure required on the cylinders will be constantly di- 
minishing. This variation of pressure in the cylinders 
during the raising of the gun is wn by a curv 
on the di (see 307), in which the abscisse X Y 
represent the stroke of the plungers, and the ordinates the 
CO! mding pressure in pounds per square inch required 
in the cylinders to support the gun during the time it is 
being raised from the loading to the firing position. 

It is plain that the total work roqmmed to raise the gun 
will be represented on the di fre area bounded by 
the curved line A B, and s . .This work is about 
160 foot-tons, as the lift of the gun is 4ft. and its weight 
nearly 40 tons. 

To start the gun a pressure of over 600lb. per square 
inch is required, and as the accumulator produces an 
constant pressure of that amount, tere will be a large 
excess of power towards the end of the stroke, which 
will enable the gun to be raised with any required y 
aa The intention is to bring the gun up in about, 
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Besides the above-mentioned arrangement to prevent a 
heavy shock t the front buffers, there is another 
saf | which shall be explained hereafter. 

The chief novelty, however, and the most important 
detail introduced in the carriage, is the means of absorbing 
the recoil of the guns. : 

The reaction due to firing the gun brings it down to its 
loading position, just in the same manner as in loweri 
by hand, but the difference between the two cases is tha 
in_ lowering the gun without firing the resistance in the 
cylinders has only to oppose the weight of the gun, while 
in firing, in addition to that work, there is the force of 
recoil. The resistance required to oppose the weight only, 
is the same as that necessary to raise the gun (friction 
being ,for the moment Senet, and therefore it is 
represented by the same curve. his work, as before 
mentioned, is about 160 foot-tons. The force of recoil 
itself is about 90 foot-tons. So that in firing we have to 
deal with about 250 foot-tons instead of 160. 

_ These 250 foot-tons must be absorbed by the resistance 
in the cylinders, and water must be let out of them just the 
same as in low the gun. But as the action of the 
recoil force is sudden, water cannot be let out through 
the hand valve as in the lovers, but must have another 
much la outlet through which it can escape en masse, 
and which must act automatically at the right moment, 
because the gun is supported in the firing position till the 
precise instant of firing. A loaded valve might indeed be 
: safety valve, which would open 
by the excessive pressure in the cylinders, but the di 

shows that such a valve could not be loaded with less than 
500 Ib fa ag inch, otherwise the water under pressure 
admi' into the cylinders for raising the gun would 
escape through it, instead of aga | out the plungers. 
Moreover, the resistances in the cylinders produced by the 
loaded valve would be constant during the recoil, and 
would be represented in the di by the horizontal line 
C D, while the area below that line would include the work 
of absorbing the fall of the and of the recoil. The 
distance A C therefore on the diagram would represent there- 
sistance to the first shock of recoil], but this is 80 tons out of 
the 90 foot-tons of the force of recoil. Such enormous re- 
sistance at the first moment of firing would rously 
strain the whole system. It is, therefore, indispensable that 
a valve should be contrived which would give the smallest 
resistance at the first moment of recoil, and the greatest 
at the last, increasing that resistance automatically during 
the recoil. On the existence of such a valve depends the 
fature of fall disappearing guns controlled by hydraulic 


power. 
Major Moncrieff was fortunate enough to Propose, in 


many of his able designs, such a recoil valve loaded by air 
pressure. In his h pneumatic system the load on the 
‘* clack valve,’’ as he terms it, is increased as the gun 


recoils by the increase of the pressure in his air vessel. 

_The same object has been aimed at by others in a 
circuitous manner by using a mes system of valves and 
cocks, and notably in the case of the Dutch gunboat Hydra, 
which at one time attracted a good deal of public attention, 
but the fate of which is not so generally . The 
author had the honour of being invited by the Dutch Ad- 
miralty to witness the last (as it turned out) of the experi- 
ments with the gun carriage of that boat. Being present 
during the firing in the gun-pit, he had an opportunity of 
witnessing the action of the arrangement adopted there. 
But the apparatus pages to be a dangerous one to be close 
to, for the hydraulic cylinder near which he was we ig | 
burst after the eighth shot, and the gun, unsupported, fe 
— _ a _ ht of pt so ce 

e limits of this paper will not it an investigation 

into the cause of failure of a system which had mes 
very well in the maker’s . As no one was hurt 
the accident was perhaps a fortunate one, as it proved that 
complicated arrangements, however ingenious, are not 
adapted to warlike purposes. The arrangements for con- 
trolling the guns were as follows : 

There was a very ingenious system of four loaded valves, 
one throttle cock, and four very small hydraulic cylinders, 
one placed on the end of the lever of each loaded valve, 
and intended to supplement its load. The whole appa- 
ratus occupied an area of about 12 square feet behind the 
breech of the gun and was cov by a network of small 
hydraulic pipes, by which the water was conveyed to the 
small hy raulic cylinders and to the small loaded valves 
by which they were worked. 

This intricate arrangement was for the purpose, firstly, 
of supporting the gun in its firing position by a valve per- 
manently loaded, so as not to oppose too much resistance 
in the first moment of recoil; secondly, of absorbing re- 
coil and c ing the fall of the by means of a throttle 
cock ; irdly, to increase the pressure on. the loaded 
valves and keep them closed during the raising of the 


gun. 

All these valves and cylinders were brought into play by 
the motion of only one handle, by means of which water 
under pressure was admitted simultaneously into the 
large hydraulic cylinders for raising the gun, and into the 
small hydraulic cylinders on the end of the valve levers, 
i the valves closed whilst the gun was 


As soon as the was in the firing position, the handle 
had to be rev in order to remove the supplemental 
ressure from the loaded valve, leaving only the permanent 
ing which was sufficient to su the gun in the firi 

position. The cause of the accident was, however, ¢ 
the valve controlling one of the small hydraulic cylinders 
pean justed, in consequence of w: sup- 
plemen‘ load on the recoil had to be removed, so that 
the gun hardly recoiled at all 


4 








ENGINEERING. 


[Aprit 20, 1877, 








RAZKAZOFF’S HYDRAULIC GUN CARRIAGE. 





‘ 
‘“ 














of the numerous slender copper pipes and at once disable 
the gun; while if, instead of the above arrangement, the 
simple recoil valve loaded by air pressure as proposed by 
Major Moncrieff had been adopted, no accident such as 
occurred could have happened. 

Being thus by actual experience made fully alive to the 
importance of a the oa contrivance was 
adopted for combining the advantages of Major Moncrieff’s 
**clack’’ and the power of allowing the water from the 
cylinders to go to waste : 

It consists of a valve box, which is place! in the middle 
of the pipe, co ing a pair of cylinders. Through this 
valve box is passed a long valve spindle, having at one end 
an ordinary conical valve, by which the outlet of the valve 
box is closed. The other end is supported by a guide in 
which it is free to slide to the extent to which the valve is 
to open. On the valve spindle are threaded a number of 
dished springs which are confined between a disc held in 
place on the spindle by an adjusting nut, and a crosshead 
which slides freely on the spindle, and is connected by its 
ends through a pair of chains to the rocking shaft carrying 

. ‘The springs have initial pressure given them by 
the adjusting nut on the spindle and close the valve just 
sufficiently to support the gun in its firing position, but as 
soon as the gun to fall the ing shaft on which 
the arms are k turns and winds up the chains, which 





draw up the crosshead, and thus further compress the 
springs as the gun descends, thus adding automaticall. 
any required increase of load on the discharge valve, an 
therefore any required increase of resistance in the cy- 
linders to take up the force of recoil. 

With this arrangement to every ae of the gun there 
will be the corresponding load on the valve, which will be 
at its minimum at the first moment of recoil and its maxi- 
mum at the last moment. 

The resistances in the cylinders at the first shock of re- 
coil will be small, but as the gun comes down it np | be 
increased, so that the gun can be safely brought down 
within 2in. or 3 in. of the buffer without any fear of 
striking it, in case the cha 5B tery are not quite 
equal, or when the gun is at different angles of eleva- 
tion or depression. ; 

This can be plainly seen from a consideration of the dia- 
gram. If on this diagram the work of uniform resistance 
in the cylinders in absorbing the force of recoil and fall is 
represented by the square area below the line D, then 
with the above-described arrangements of the discharger, 
provided the springs possess a uniform rate of compression, 
the work may be a by the equivalent area GF 
X Y, and the line g F will represent a continually-increas- 
ing resistance in the cylinders to the recoil at every posi- 
tion of the plungers, or the increase of load on the recoil 





valve as the gun descends. Therefore the small distance 
AG onthe di m is the resistance to the first shock of 
recoil, and the distance B F will be the resistance in the 
cylinders at the last moment. : 

To meet any want of uniformity in compression of the 
springs, or to produce any variations in the curve of re- 
sistance to the recoil, there are cam-pieces on the shaft 
over which the chains are laid. These can be shaped so as 
to produce a changeable rate of winding up the chains, and 
therefore a corresponding change in the increase of load on 
the valve, and the successive resistances in the cylinders 
may be made such as is shown on the dis by the 
curve A H. In this case there will be no initial resistance 
in the — to the recoil, —- the gun will be only 
just su in its firing position. 

' As t > ostin of this locharger depends only on the 
motion of the itself, it is plain that when the is 
down, the ve is necessarily hea closed, an the 
water admitted into the cylinders for raising the gun, can- 
not escape through it. But as the gun rises and the pres- 
sure in t adios diminishes—the load on the valve is 
also ly diminished, so that, when the gun almost 
touches the front buffers—the load on the valve may be so 
small that the water ins to escape, wee. a 
allowing the to fall, use in that event the on 
She vale eeall iumediately increase. This is the other 
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means of preventing a heavy shock against the front buffers 
to which allusion \ ty 
You can see that the action of the mechanism described 
—a combination of springs, chains, and cam-pieces—is 
entirely self-acting and depends only on the motion of the 
gun. It is not likely to pet out of order unless the gun 
carriage is broken, and the simplicity of its construction 
can be favourably compared with the friction compressors 
of an ordinary gun carriage. It has fewer parts. Once 
adjusted it does not require any further care. It is well 
protected, being under the body of the gun, and easily ad- 
justable to suit different charges by the nuts on the valve 
spindle and those on the ends of the chains. Even any 
attempt to derange the adjustment would fail, for sup- 
posing the nuts compressing the springs were unscrewed 
the gur would not work because it could not be raised into 
the 1 position, as the water would escape instead of 
raising the gun; on the other hand, if the nuts were 
screwed up as far as they will go, sufficient range is not 
allowed in the screws to permit a dangerous pressure on 
the valve.* 
With respect to the strength of the parts of that ar- 
ment it is plain that the chains and their attachment 
to the shaft and to the crosshead may be of any required 
ee. Chains of the ey yn ey are used in 
ce gun carriages for running the gun in and 
out. Exception may perhaps be taken to the use of 


It is plain that the stress on them depends upon the area 
of the valve exposed to the action of the water. That area 
should be to permit the free escape of the water, 
and so reduce the first shock of recoil. On that account 
the author introduced the springs, the strength of which 


* This combination of the chains winding up on the 
Bane shaft, and the cam-pieces, as well as the use of 
Belleville discs, was proposed by the author on account of 
its extreme simplicity, which —s oe the above-mentioned 
advantages in comparison wi ordinary compressor 
and the regularity of action. But the idea of the recoil 
is principally due 
’s co-operators in 





valve operated by the motion of the 
to the ingenuity of one of the au 
these gun carriages. 
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allows of any convenient area to the valve. These are the 
dise springs of Belleville. They are round dished steel 
= having a hole in the middle through which is 


the valve spi 


le. These discs are slightl Baeg oo 
they resist 





Fig. 3 











Through the kindness of Messrs. Belleville and Co., all 
the necessary data were obtained for ae eprings 
for the purpose just described. Their durability and por- 
as have rar em i ar in _& carriage — 

isappearing guns desi, i Jbrouse in 1867, 
and constructed for 19-c.m. rifled cannon, In that gun 


these springs were adopted for the purpose not 

LS eae te ant as eal 
ers, raise the gun ou’ ‘orce 
p some in them. More than 500 shote were from that 
gun at the siege of Paris, and the author has in his posses- 
sion a couple of which, notwithstanding the 
work they have done, are as good now as they were eight 
y 


recoil, just as by means of h draulic 


It thus appears that there is every reason for placing 
confidence in these springs and feeling no anxiety as to their 
certain and efficient action ; but, moreover, a long range 
of compression uced by the chains and the ad n 
of cam-pieces will allow a great if the action of the 
discs is not quite uniform, which thus will not have any 
sensible influence on the efficiency 


as during the lowering of the gun without is dis- 

charged into a long tank, by which both the 

valve and the hand valve of two guns are F 

Tbis tank is of sufficient capacity to receive the water after 
ing both guns, the wa 





* With this system of absorbing recoil 
area of the disc valve is, the less 
i i more resistance 





in the cy 
more they will help the in 
cumne tee conteclling the dinciange of weber. 
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rendered long and exhaust pipes, which 
would greatly pon, Sew te the system. But ides, the 
inertia of the water in these —_ would offer a consider- 
able prejudicial resistance to the recoil, and this resistance 
is thus entirely avoided. From the tank the waste water 
is allowed to flow by a small pipe to the central pivot 
through which it passes down to the pump or overboard. 

To complete the description, a few words remain to be 
said about the ment for revolving the platform 
— ae the accumulator. o sate ‘he 

ere being two guns on the same platform, the firing 
of one of them wil peetass a deudinn weed. In modern 
turrets, the weight of which reaches 750 tons, the firing of 
one oon has scarcely any influence on its motion. But it 
is different in the present case ; the recoil of the gun will 
turn the platform round its centre, and would transmit a 
considerable shock to the turning engine with which the 
platform is connected were it not for a friction clutch, the 
arrangement of which is shown on the drawings. The 
wormwheel which is actuated by a screw on the crank- 
shaft of the engine is not fixed directly to its shaft, but it 
is confined between two discs keyed on to the shaft, and 
made by a handwheel and screw to grip the wormwheel 
and drive it by friction. 

The handle for giving motion to the platform, the con- 
necting rod of which to the engine passes through the pivot, 
is situated close to the handle for raising and been the 
guns, so that the captain of the guns has at d all the 
means for working them, being able to keep them constantly 
in the direction of the enemy even while loading, and to 
raise them at the proper moment to deliver their fire. 

The accumulator, which is provided to facilitate the 
working of the guns, has some considerable peculiarities. 

It is ed by permanent air pressure as is the case in an 
ordinary air vessel, but the difference is, that the com- 
pressed air is kept apart from the water in special tubes, 
which are placed below in any convenient part of the ship. 
These tubes are connected with a closed receiver or the ac- 
cumulator placed immediately under the turret and con- 
taining water, by a 1 in. pipe, so that when a cock on this 
pipe is opened, the water will be under pressure of com- 
pressed air stored in the tubes. The accumulator contains 
water sufficient for two lifts, and when that is expended it 
has to be pumped up again, in doing which the compressed 
air will be driven back into the tu so that its jon 
will be restored. When the guns are not in use the cock 
on the pipe from the air tubes may be closed and the com- 
pressed air left ready for subsequent use, and therefore the 
great advan is thereby obtained of having the guns 
sone pe action as soon as steam is up, as there is no 
need of compressing the air, by, which much time would be 
lost. But besides, the compressed air stored in the tubes 
will allow of several shots being fired before the steam is 
up; and as these tubes are light, and can be placed at an 
convenient part of the ship, their number can be inevenned 
so as to allow continuous firing when steam power is not 
available. Another important advantage of this accumu- 
lator is that the initial pressure of air may be obtained 
without the use of an air pump, by letting the water out of 
the water vessel of the accumulator, allowing it to fill with 
air, and forcing the latter into the air tubes by again pump- 

up the a. P ‘ 
repeating this operation any degree of pressure ma 

be obtained in the tubes, and n—{ by the pool » means om 
leakage of air can be replaced from time to time. Water 
is supplied by one of Anderson’s pumps, capable of dis- 
charging 16 cubic feet per minute at 800 Ib. pressure per 
square inch. The peculiarity of this pump is that it 
delivers a steady stream of water at any required rate, 
which can be regulated by a valve in the discharge pipe ; 
the pump having no flywheel or heavy moving parts, can 
never pene higher ressure than that due to the pres- 

steam working them. It will start from a state of 
rest and work at any speed. On this account it can be 
used for rai the guns without the intervention of the 
accumulator. But without such an accumulator as de- 
scribed there would be no advantage to have the guns 
ready before steam is up. This accumulator gives to the 
guns a certain independence of steam. If ing is 
wrong with the boilers or with the pumps there is com- 
pressed air stored in the tabes, and in addition to it the 
water expended may be pumped into the accumulator by a 
hand pump in the intervals between firing. Moreover, 
to obtain the same rapidity of actioa, without the accumu- 
lator, it would be necessary to have very large, heavy, 

therefore expensive pumps. 

There is much to be said on the convenience of working 
and aiming these guns in comparison with those shut up in 
turrets, or the parts of the gun carriages being scarcely 

i splinters, &c.; but the limits of the 

) is, and the author leaves it to the 

members of the Institution to judge whether these gun 
carriages are suitable for x 

The final design of this gun i has, grown to its 
present state under the joint efforts of t..e author and the 
contractors; and the author tenders his best acknowledg- 

pecially to Mr. Anderson, Messrs. Eastons and 
Anderson's chief engineer, Mr. Rich, and their manager 
of the works, Mr. Moberly, for their valaable assistance 
and high engineering skill in carrying out the design. 

These two carriages are constructed,’ as been 

men » for the fixed turret of the popoffka 
Vice-Admiral Popoff, in which they will be protected by 
— of.armour. 
» Ibis unnecessary to give any description of that circular 
ironclad, because the most able and letters from 
Russia relating to them by the distinguished naval architect 
Mr.-E. J. Reed, and the paper by Lieut. Goulaeff, member 
of this Iustitation, read here, have made the subject familiar 


From the artillery point of view, however, it may be 
Temarked, that if ships of war are built on purpose to 
carry the big gunsaudto drethem with acouracy, there 





is no other floating tform in existence which is so 
suitable as the po ice-Admiral Popoff. The author 
has had opportunities of observing its behaviour in a heavy 
sea, and noticed that when other ships were pitching and 
rolling to the extent of 20 deg., the circular ironclad was 
gently rolling within 5 deg. or 6 deg., always in the direc- 
tion of the waves, so that there scarcely can be better con- 
ditions for accuracy of fire. The distinguished designer of 
these ships, being an old sailor well acquainted with the 
requirements of heavy ordnance, kept the importance of a 
steady platform prominently before him when he designed 
the vessels that go by his name. Such platforms pro- 
tected by 18 in. of armour leave nothing to be desired 
gaa the heaviest guns on the system above de- 
scribed. 





FIREPROOF FLOORING, 

Ix our issue for the 9th of March last we described and 
illustrated a novel system of fireproof construction, now 
being introduced in England by the inventors, Messrs. 
Evans and Swain, of No. 6, Southampton-street, Strand. 
Since that date some experiments have been carried out 
with the view of testing the invention and which gave very 
satisfactory results. The principle of the invention con- 
sists in constructing floors and staircases of timber 
battens placed side by side and bolted or spiked through 
so as to form a solid mass. For the purpose of the ex- 
periments a test building was erected on the site of the 
old City Gas Works, near Blackfriars Bridge. The struc- 
ture consisted of a room built in 14in. brickwork, and 
measuring 14 ft. square inside, with a height of 7 ft. 
from ground to ceiling. Over this room was laid the 
flooring, which consisted of deal battens 7 in. deep by 
2}in. thick placed side by side edgeways, and spiked 
together. One third of the ceiling thus formed to the 
room was plastered, the key for the plaster being nails 
partially driven in. A second third was also plastered, 
the key for the plastering in this case being dovetails cut 
on the wood; the remaining third was left unprotected. 
The cracks between the battens were grouted with fine 
plaster. On one side of the room was a doorway 4 ft. 
wide, whilst two of the walls were pierced each with 
two holes 9 in. by 6in., fitted with iron air gratings for 
draught. In this building about four loads of timber 
were placed on Monday morning last, the fuel reaching 
nearly to the roof. Just above the fuel and with its ends 
resting on ledges cut in the walls was an ordinary rolled 
iron joist 7 in. deep, which was placed there in order to 
test and compare the action of the fire on the iron and 
the wood. A weight of about 3cwt. was placed on the 
centre of the joist. 

At 10 o’clock the fire was started, and in a very short 
time a roaring furnace was going within the building, 
for tay-barrels and other combustibles were used in mak- 
ing the fire. In about an hour the iron joist bent and 
twisted, and toppled over into the fire, the floor, how- 
ever, remained cool on the top. At 12.80 the fire showed 
itself through a defective joint in the unprotected portion 
of the flooring, and some loose earth was thrown on the 
leakage. Aboutone o’clock slight escapes of smoke took 
place through some of the joints in those portions of the 
floor which were protected by plaster, the leakages being 
attributed to the defective grouting of the joints. About 
this time, too, the wall adjoining the unprotected portion 
of the floor showed signs of giving way. At two o’clock, 
after four hours’ exposure to intense heat, the unprotected 
portion of the floor began to show signs of yielding, but 
it did not give way for another hour, when a portion fell 
in. The flames then readily laid hold of the battens on 
their exposed sides, burning them off one after the other. 
It was then determined to extinguish the fire so as to 
save a portion of the floor to ascertain what weight it 
would carry after its exposure to the flames. A fire- 
engine was, therefore, called into requisition, and in 
about an hour the fire was subdued. About 6 ft. of the 
flooring was thus saved, the greater portion of which 
was that to which the plaster was held up by means of 
nails. Although the underside of the flooring was 
charred to a depth of about 4 in., it sustained a weight 
of about 3} tons before giving away. The weight con- 
sisted of a pile of granite pitching stones, which were 
gradually loaded on to the remnant of the floor until it 
broke down. 

These restlts show that timber flooring thus con- 
structed presents an extraordinary amount of resistance 
to fire, and the experiments may be pronounced as most 
satisfactory. “The brickwork was still green at starting, 
and the giving out of one of the walls readily admitted 
the fire to the first series of battens, otherwise it is a ques- 
tion if they would have yielded to the flames so soon. The 
experiments demonstrated that after 44 hours’ exposure 
to an intense ‘fire—and about three hours after the rolled 
joist had been crippled—the plaster protected portion 
of the floor was {still sufficiently safe for firemen to walk 
upon. In no case, in the event of a fire, would a floor 
be subjected to such a crucial test as was this, for efforts 
would quickly be made for the extinction of the fire. 
But should such a remote contingency happen with one 
of Messrs. Evans and Swain’s floors, it will be scen that, 
other things béing equal, a remarkable margin of safety 
will be left,, We may observe that the floor was. the 
lightest form ppenmunenden by the patentees for ordinary 


greater security and embody additional strength. On 
the whole Messrs. Evans and Swain have made out an 
excellent case for their flooring, not by their own show- 
ing, but by the practical results of a most searching test 


THE GERMAN IMPERIAL YACHT 
‘“‘ HOHENZOLLERN.” 

WE give this week a two-page engraving showing the 
arrangement of the engines and boilers of the German 
Imperial yacht Hohenzollern, now being built at the 
yard of the Norddentell Schiffbau Gesellschaft, at Kiel, 
from the designs of the constructor to the German 
Admiralty. The machinery is being supplied by the 
Markische Schlesische Maschinenbau und Hiitten Actien 
Gesellschaft (formerly F. A. Egells), of Berlin, and as 
we shall shortly publish further engravings of the engines 
we shall for the present postpone our description of it. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Market.—Yesterday there was a 
smaller attendance on ’Change at Middlesbrough than there 
has been for several weeks past, and the market was the 
flattest which has been held this year. Prices of pig iron 
are nominally the same as last week, but the war-cry puts 
a stop to the iron trade in this district, and people gene- 
rally believe that for some time yet business will be worse 
than it has been. Stocks are still increasing, and there are 
rumours that some of the blast furnaces in Cleveland will 
certainly be blown out. 


The Finished Iron Trade.—There is no change in this 
industry. Many of the works are idle, and have no pro- 
spect of resuming operations. No person has the courage 
to risk an opinion as to the probable time when trade will 
revive. Amongst the men in the North of England emi- 
gration is being resorted to, and it is feared that before the 
works now laid off are again started, most of the hands 
usually engaged in this district will be busily occupied in 
—* our colonies, far away from the workshop of the 
world. 


The North-Eastern fg — This railway, which 
intersects so large a part of the North of England, and has 
a monopoly of such valuable carrying power, is often the 
theme of comment, and the directors of the company are 
frequently appealed to for concessions. It is matter for 
pomnerme A in the iron and coal trade that the company 
will, it is said, shortly reduce their rates for the carriage 
of goods. 

The Cleveland Ironstone Miners and their Wages.— 
Arbitration has been agreed upon as the best means of 
settling the wages question of the Cleveland miners. Sir 
James Fitzjames Stephen, Q.C., has consented to fill the 
office of umpire, Mr. Isaac Lowthian Bell; M.P., will 
represent the mineowners as arbitrator, and Mr. 
McDonald, M.P., will act for the men. Although trade 
has been ~ | so long, the quantity of ironstone raised 
in Cleveland has been enormous. In 1876 no fewer than 
6,564,000 tons were taken out of the hills—about half a 
million tons more than was raised the previous year. 


The Blast Furnacemens’ Wages.—It is now understood 
that the proposed reduction of 10 per cent. in the wages of 
blast furnacemen in the North of land will take effect 
without resistance after Saturday. The Cleveland Iron- 
masters’ Association have been endeavouring to introduce 
a sliding scale for the regulation of wages paid at blast 
furnaces, but the men have not entertained the proposal 
favourably. The masters have asked the men to further 
consider the matter. 

The Coal and Coke Trades.—Owing to the depression in 
the iron trade there is a poor demand for all kinds of fuel, 
and prices continue low. It is somewhat surprising that 
in 1876 no less than 184,125,000 tons of coal were raised in 
the United Kingdom, about two and a quarter millions 
more than was produced the previous year. 


Tux InstTrTuTION or CrviL ENarneers.—The annual 
dinner of this Institution was held last evening af Willis’s 
Rooms, St. James’s—Mr. George Robert Stephenson, 
Président of the Institution, occupying the chair. The 
company, which numbered 208, nded—His Royal 
Highness the Duke of Cambridge, K.G., his Serene High- 
ness the Duke of Teck, G.C.B., the Right Hon. Sir 
Charles B. Adderley, M.P., Sir Rutherford Alcock, K.0.B., 
Viscount Halifax, Sir J. Hawkshaw, Lord Justice Bag- 
galla , Mr. Charles Barry, F.S.A., Dr. J. Risdon Bennett, 

‘RS, Mr. Birley, MP, the Right Hon. the Earl of 
Carnarvon, Sir Andrew Fairbairn, Dr. Frankland, F.B.S., 
Mr. J. A. Froude, Sir Hardinge Giffard, M.P., the Right 
Hon. Gathorne Hardy, M.P., Mr. Robert G. . 
» . W. Holms, M.P., Lord Houghton, F.B.S., 
Mr. E. Hull, F.R.S., Professor Huxley, F.R.S., the 
Right Hon. Sir G. Jessel, Mr. S. S. Lloyd, M.P., 
the Right Hon. Robert Lowe, M.P., the Lord Provost of 
Glasgow, Mr. Hick, M.P., Captain Mildmay, Adwiral Sir 
Alexander Milne, Bart., G.C.B., Sir Joseph or. 

orley, M.P. 
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NOTICES OF MEETINGS. 

THE INSTITUTION or OIVIL ENGINEERS.—Tuesday, April 24th, 
at 8 p.m. 1. ‘On a Deep Boring for Coal at Scarle, Lincoln- 
shire,” by Professor Edward Hall, F.R.S. 2. “On Street Tram- 
ways,” by Mr. Robinson Souttar, . 

THE Society Or TELEGRAPH ENGINEERS.—Wednésday, April 
25th, at 8 p.m. On ‘The Chemism of Batteries,” by Mr. Martin 
Roberts, F.C.S. 

SOCIETY Or ARTS.—Cantor Lectures. Monday, April 23rd, at 
4pm, “The Connexion of Greek and Roman Art with the Teach- 
ing of the Classics,” by Mr. Sidney Colvin, M.A., Slade Professor 
of Fine Art at the University of Cambridge. Lecture II. Range 
of the Study.—African Section. Tuesday, April 24th, at 8 p.m. 
“The Trade and Resources of Morocco,” by Dr. Arthur Leared. 
Vicé-Admiral Erasmus Ommaney, C.B., F.R.S., will preside.—Or- 

,, Meeting, Wednesday, April 25th, at 8 p.m. “Deaf not 
Mt y= B. St. John Ackers, Major-General F. O. Cotton, 
R.E,, O.S.L, will preside.—Chemical Section. Thursday, April 26th, 
yo ax. “ Phosphor-Bronze and its Applications,” by Mr. Alexan- 
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THE INSTITUTION DIFFICULTY. 

By a majority the members of the Institution of 
Civil Engineers have declared themselves in favour 
of the creation of a new class among their ranks 
—the Associate -Member Class. at is to say 
& majority of the members have returned the 
circulars issued by the Secretary, approving of the 
title of Associate-Member, But because this re- 
sult has been arrived at, it does not by any means 
follow that the title is a good one, or the creation 
of the new Class necessary or even e ient. It 
is simply an illustration of the well-known fact 
that out of any large number of persons, a 
majority will always be found to fall into official 
suggestions, when those suggestions bear upon 
their surface no striking evidence of their im- 
portance. So far, then, as the number of votes 
is concerned, the title proposed by the Council 
for this new Class is confirmed. But because 
this is so, it must not be assumed that the matter 
is settled, and that the suggestions which have 
nay — form during the past few years 
Come into actual life within the next few weeks, 








On the contrary, we doubt not that the measure 
will yet meet with strong opposition, not only 
among a large number of members, but also in 
the Council itself, and we believe even that the 
ruling body would not,.on the whole, regret to see 
the scheme they have developed with such care 
entirely vanish out of sight che forgotten, 

For no ns better the Council understand 
the real copra the situation, A majority of the 
members of the Institution have put before them an 
official circular pointing out the advantages attend- 
ing the creation of the new Class, they have their pen 
guided by the Secretary to the endorsement of the 
title most favoured by the Council; they return the 
circular. and forget the transaction. A large 
number of members, on the other hand—<Associates, 
these, of course—rightly or wrongly feeling that 
they occupy a false position in the Institution are 
inclined to judge the Council harshly by their acts, 
to accuse that body of creating the new Class as a 
convenient means of trapping off the professional 
members among the Associates, weakening the 
strength of the latter, and at the same time pre- 
venting a large influx into the Member class. 

It is needless to say that both these types, which 
between them comprise nearly the whole strength of 
the body corporate, are unfit to judge of the merits, 
or to appreciate the exact difficulties of the present 
situation, . Fortunately, there is a third class, who, 
desirous to fully discuss the bearings of the case, to 
know, if possible, in what direction the path indi- 
cated by the Council really tends, and to aid or to 
oppose the project, as their judgment shall ultimately 
dictate, have taken the very proper course of askin 
for a special General Meeting, which is to be hel 
during the ensuing week. For our part we consider 
it would have been more satisfactory, rhs oy: 8 
wiser; had such a meeting been called before the 
circulars of the 17th March were issued. 

The chief, if not the only points to be discussed 
at this meeting, will probably 1. Is the creation 
of the pro new Class necessary or expedient, 
and if so, is the title proposed and approved really 
the most suitable? 2. Do not the bye-laws, inter- 
preted in.a strictly literal sense, render the creation 
of such a Class agree and inexpedient? Upon 
these questions the whole matter turns, but the 
solution of them does not dispose of the real Institu- 
tion difficulty. 

In the minds of the Council there appears no 
doubt whatever as to the e iency and necessity 
for the new Class, or they would scarcely have taken 
so much pains to call it into existence. But it appears 
to us that the arguments they advance to prove its 
necessity are inadequate. their last General 
Report they point out that it is not advisable to 
continue swelling the number of the Associate class 
with young men who, having passed the age of 
studentship, are yet unqualified to enter the Institu- 
tion as Members, and who should therefore according 
to the bye-laws remain outside its doors till they are 
so. qualified, It is to supply this omission that the 
new class is suggested. As regards the Students, 
this argument is sound enough, but it should be first 
remembered that the change would affect vitally the 
powerful class of Associates, as well as all that 
numerous body of engineers not yet attached to the 
Institution, but who wish to belong to it in an 
honourable position. It is rather, then, the interests 
of this majority of actual engineers than those of the 
minority just entering the profession, which ought 
to be first consulted, and we believe that the engineer 
Associates have just ground for complaint against 
the Council for seeking to force them en masse into 
@ new position in the Institution, a position vague, 
uncertain, undesirable, and the n qualifica- 
tions for which are those exactl apted for 
Students who have just completed their education, 
but entirely unsuited for those engineers who have 
been long earning their living in the pursuit of their 
profession. The Associate-Member ‘shall be more 
than twenty-five years of age; shall (either by 


pupilage with a civil engineer or otherwise) have’ 


acquired the requisite knowledge for following and 
shall be actually engaged in some of the branches 
defined by the Charter as constituting the profession 
of a civil engineer.” It will be noticed that according 
to the bye-laws, no Student can remain in the 
attached class after the age of twenty-six, so that 
this pervened qualification for Associate-Member 
exactly supplies the. omission regretted by the 
Council in their last General Report so far as 
the Student is concerned. But, as we have above 
remarked, this class is of comparatively small 
importance, and we can scarcely feel much sure 





rise that Associates as a rule feel that the 

ouncil, while professing solicitude for the 
welfare of their ‘‘younger brethren,” reall 
desired to arrive at an easy solution of a great diffi- 
culty—a convenient means of dealing with the 
by no means satisfied and very important class of 
Associates. If this new Class of Associate-Member 
be created, and the present Associate class be di- 
vided, its power will be reduced, the exieuns pores 
for readjustment of position will be removed, and— 
more important than all—the qualification for mem- 
bership. will be strung to a higher pitch, and transfer 
from the intermediate to the highest class will be 
rendered far more difficult, Rightly or wrongly, this 
is the way in which the majority of those Associates 
who have considered the question, interpret the action 
of the Council, The last General Report, as wellas 
the circular letter of the Secretary, states that the 
Associate-Members would not enjoy all the privi- 
leges of Members. What privileges those are which 
it was the intention of the Council to withhold we 
do not know. But we think that any such reserva- 
tion of privilege would be entirely untenable, and 
we venture the suggestion that the Council upon 
reconsideration of this point, will withdraw from 
somewhat dangerous ground, and admit the new Class 
(if it be created) to the enjoyment of the full privi- 
leges of the Institution. It will be remembered by 
those who read our previous article on this subject 
(see page 231 ante) that we considered at some length 
the status which the Associate-Member would occupy, 
and we arrived at the conclusion that he would be in 
all respects of privilege a full Member branded with 
an obnoxious and meaningless prefix, We see no- 
thing to cause us to modify this conclusion ; on the 
contrary, we are convinced that it is a correct one. 
And if it be so, there appears to us much reason to 
fear that the creation of the new Class, apart from 
the fact that it would produce much discontent, and 
much harsh criticism of the motives of the Council, 
would eventually be the source of true danger to 
the interests of the Institution. For a Class so 
easy of entrance would gradually become very 
numerous, and possessing full powers, might before 


long grow unmanageable, 

if, therefore, there could be found any means for 
dealing with the large body of engineers (we leave 
the Students out of consideration for the present) 
other than that of forcing them into an interme- 
diate Class, we think it requires little reflection to 
show that such an alternative should be adopted, 
apart from the consideration which we will come to 
later on, whether many present Associates and can- 
didates for Membership do not possess rights under 
the existing bye-laws, which they might, with per- 
fect justice, employ. And this leads us to the second 
consideration mentioned at the beginning of this 
article. Do not the bye-laws, in in astrictly 
literal sense, render the creation of the interme- 
diate Class unnecessary and in ient? We 
think upon examination it will found that 
the existing bye-law on the subject porary con- 
strued meets all requirements: ‘‘ A Member must 
be more than twenty-five years of age, have been 
regularly educated as a civil engineer, according to 
the usual routine of pur , and have had sub- 
sequent employment for at least five years in re- 
sponsible situations as Resident Engineer, or other- 
wise, in some of the branches defined by the Charter 
as constituting the profession of a civil engineer ; or : 
he must have practised on his own account in the 
profession of a civil engineer for at least five years, 
and have acquired a considerable degree of eminence 
in the same. This alternative clause was rightly 
introduced to provide for those cases, somewhat ex- 
ceptional ones, in which a person, possessing special 
ability for the profession, has been able in spite of an 
absence of regular training to attain prominence as 
an engineer, ‘The first clause stands, therefore, 
alone, and refers to the ordinary members of the 
profession. It is most clear that in framing this 
qualification no question of eminence, or ‘6 ade- 
quately important” professional position was con- 
templated. The limit of age required alone demon- 
strates that, The Institution, incorporated by Royal 
Charter for the general welfare of the profession, 
was to be open to all who having been properly 
educated had had sufficient subsequent experience in 
any capacity to qualify himself as an engineer. 
Nothing could be more moderate or more reasonable 
than this qualification, nothing better adapted to 
exclude those obviously unfit, nothing wider in its 
scope to admit all those labouring in their respective 
positions in the profession. To carry out this object 
is the avowed wish of the Council, and it appears to 
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us that a more admirable instrument for the purpose 
than this cannot be devised. Unfortunately it is 
too clearly evident that they have in effect laid aside 
this clause, and substituted one of their own, de- 
_— g thereby from the spirit and intention of the 
Yharter, exceeding, it appears to us, the powers 
with which they are invested, and—with the best 
motives doubtless — bringing difficulties upon the 
Institution. Facts, and the words of the Council 
prove this. Look at the list and qualifications 
of professional candidates, and you will find many 
of those ‘‘ recommended” for the Associate class, 
who are qualified according to the bye-law, as 
Members. Why, then, this recommendation to 
an inferior grade, in the face of the rules of 
the Association? Because, as we just said, the 
Council have made a rule to themselves un- 
written till it appeared in their last General 
Report, According to them the necessary qualifi- 
cation is that the candidate shall have had “at 
least five years’ responsible professional charge 
of adequately important engineering works.” And 
this explains the relegation of so many able men to 
the rank of Associate, We say that the Council in 
acting upon this private rule made public for the 
first time last December, act against the true in- 
terests of the Institution, as well as against the 
established law. If the existing qualifications be 
insufficient, their modification is a subject for the 
members to debate upon, not for the governing 
body to decide without reference to the incorporated 
body. And this touches one of the most important 
points of the subject. It is evidently useless to 
create a new Class (unless for the benefit of the 
Students) when the existing law especially indicates 
the proper position of the majority of those who 
would be forced into it. And it is impossible to con- 
tinue consigning engineers to the Associate class for 
the reasons pointed out in the last General Report, 
and for ete reason of still more importance. 
We remarked in our previous article that we 
thought it would be difficult to define clearly the 
status of the present Associate class. It is not 
what was contemplated originally. It is mixed, in- 
cluding probably a greater number of engineers, 
and a lesser number of those whose occupation is 
allied to engineering. It was intended, and rightly 
so, that the Associate should virtually be an at- 
tached class. But now it is nothing of the kind. 
The efforts of the Council through many years to 
preserve ‘‘ tone” has changed its nature, the neces- 
sity of giving a position to the Associates thus me- 
tamorphosed, has changed its status. The Charter 
extends only to members, that is to engineers, 
and its spirit is well defined in the clause of 
the bye-law we have quoted. But the engineer 
Associates come strictly within the meaning of 
the Charter. They are absolutely and certainly 
members, and are called so year after year in the 
General Reports, The Charter left the ruling body 
and the Institution at any time free to divide the 
members into any number of classes, but it did not 
refer at all to Associates paey so-called. Now 
the action of the Council has, after many years, 
resulted in this, In its efforts after “ tone,” it has 
obliterated the boun between Members and 
Associates, with one hand by ‘“‘recommending” many 
engineers qualified as Members into Associates ; and 
with the other, by placing Associates on the 
Council, by calling them members, and so on. 
sy distinguish the Member class with a capital 
.) And from this continued action arises this 
anomalous result. Associates qualified as Members 
have a clear case against the Council for the non- 
fulfilment of the bye-law. They may also fairly 
argue that as engineer members of the body cor- 
porate they are members in the spirit of the Charter, 
and they may point to the recognition of their rank 
by the Council as strengthening their position. In 
our own minds we have but little doubt, that were 
the present status of the Associates made a legal 
question, it would be decided in a manner unde- 
sirable for the welfare of the Institution, and all the 
resent non-professional Associates would be estab- 
ished in a position unlooked for and never intended, 
Such a result would be a serious misfortune and a 
blot upon the management of the Council, and it 
would be wise for them, we think, to avoid any 
such contingency by adopting the easy and just 
means at their — 
It is true that if the unwritten bye-law by which 
the “ recommendations” for election are governed, 


be set aside for the actual rules (and there can be 
no doubt whatever that it ought to be so set aside 


Institution) the ranks of the Member Class would be 
very muchincreased, the Institution stock, sotospeak, 
would be largely ‘‘ watered,” and the effects to main- 
tain the high standard would be useless, In many 
ways such a result is to be regretted, but it appears 
to us one of the inevitable consequences of changing 
circumstances. There were giants in those days 
when the Institution was founded, and they stood 
alone in the power and profit of their positions. 
And until recent days the leaders of the profession 
were great men too, not monopolists by any means, 
but towards whom all good and great (professional) 
things gravitated, and upon whom the rank and file 
depended. But two great financial crises have 
shaken rudely the basis of the profession, and 
have scattered far and wide the humbler workers 
in it, who were obliged forthwith to depend upon 
themselves for existence and a name. So it has 
come about that the profession does not to-day 
possess those eminences which were once conspicuous, 
but has sunk and risen to a more uniform level, in 
which, if fewer great reputations and great fortunes 
are to be made, far more numerous though moderate 
positions are attainable. And this being so, the 
Council of the Institution will, we think, struggle 
in vain to preserve the high standard they naturally 
desire. If by the inrush of a large number of 
Members from the Associate class, the bloom be 
brushed off the higher and more honuured title, the 
force of circumstance and the march of events must 
be blamed, but the Council, we think, would have 
shown more wisdom had they never dammed up the 
entrance to Membership with an unwritten code, 
for then the existing pressure would not have accu- 
mulated. What then remains to be done, in order 
to cancel the mistake of the past, and clear the way 
from difficulties in the future. Starting with the 
admission that the Institution must submit to the 
levelling tendency of the time, all that, in our 
mind, is required is to revert to the true meaning 
of the clauses as regards the admission of Members 
and Associates. To carry out the law in fact. 
That done, no further cause of complaint could 
exist, and the necessity of a new class disappears. 

The small minority of unqualified ex-students re- 
mains to be considered. The number of those who are 
not qualified at the age of twenty-six must be asmall 
one, and these, unless special means be provided, 
must submit to the hardship of remaining unattached 
to the Institution tili they are fitted for admission. 
But such means might very easily be provided. Either 
the limit of age for remaining a Student may be ex- 
tended, or provision may be made by which within 
given limits pending his admission he may enjoy 
certain privileges of the Institution. But the 
creation of any special Class for this small minority 
would be objectionable, as it might in the course of 
time be made a receptacle for qualified Members, by 
future advocates of ‘‘ tone.”’ 

And if the conservative leaders of the profession 
view with dismay the threatened flood of incomers, 
it is for themselves to decide whether they shall 
erect a tower of refuge, upon the summit of which, 
as Fellows, they may look down with serenity 
mingled with regret upon the changed aspect of the 
Institution, far removed, however, above the damag- 
ing and levelling influences of the day. 








THE RESISTANCE OF VESSELS. 

OF all the abstruse subjects connected with naval 
architecture, that which has hitherto been most 
involved in mystery, and has most successfully 
defied all en to unravel its subtle intricacies, 
is unquestionably the subject of resistances. Marine 
propulsion in most of its branches has indeed, until 
within the last few years, been almost a sealed book 
even to the most able investigators; and the ab- 
sence of definite knowledge and of exact reasoning 
based upon sound principles and correct data, has 
naturally favoured the growth of erroneous doc- 
trines and given a fictitious importance to formule 
equally erroneous in principle, although offering at 
least some assistance to the naval architect. The 
old Admiralty formula 
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the more modern formula of Professor Rankine, 
the various theories on resistance put forward by 
Mr. Scott Russell, and many others advanced from 
time to time, are all doomed to vanish before the 
light that Mr. Froude is gradually throwing on the 
subject. He conquers the subject a bit at a time, 
but his p is sure, and each fresh step, while it 
shows how far abroad everybody has been up to 





until sanctioned and made into law by the vote of the 


the present, shows also more clearly than ever that 








Mr. Froude is on the right track, and encourages us 
to hope that he will soon reach a complete and satis- 
factory solution of the puzzling phenomena which 
surround the movements of a ship through the water. 

An enormous stride was made when Mr. Froude 
discovered the relation which exists between the 
resistance of ships and their models. Having found 
the ‘‘ corresponding speeds” at which the resistance 
of ships and their models would be proportional to 
their displacements, a new era was commenced, 
because for the first time it became possible to argue 
safely from the results of experiments with models 
to the performances of ships, Following this up 
hé has shown that the area of midship section, as 
such, plays but a very unimportant part in the re- 
sistance of ships instead of occupying as it has 
hitherto done the most prominent position. The 
idea that as the area of midship section measures the 
area of the canal that the ship digs as it were for 
herself through the water, it must be the chief 
measure of her resistance, is certainly a most 
— and taking one, and although Mr. Froude 

as shown it to be utterly fallacious, yet we doubt 
not it will be clung to by many for some time to 
come. ‘The point to which Mr. Froude has devoted 
himself this year at the meetings of the Institution 
of Naval Architects is the effect on the resistance of 
adding to the length of straight middle-body in 
ships. And the results are most valuable and in- 
structive, for they throw an entirely new light on 
the subject of resistances, and account for many 
strange results that have appeared anomalous and 
perplexing, whether looked at from a practical or 
scientific point of view. It was for a long timethought 
that adding to the length of the straight middle- 
body could not affect the resistance. Since the im- 
portant part played by skin friction in the resistance 
of ships became recognised, however, it has been 
conceded that the effect of adding to the length of 
the straight middle-body would be to materially in- 
crease the resistance, owing to the increased resist- 
ances due to skin friction, and it has been shown 
very conclusively that better results might be ob- 
tained under some circumstances by a somewhat 
broader ship with finer ends of the same displace- 
ment, and having no straight middle-body. ‘There 
can be little doubt that a great bar to the acceptance 
of these ideas by shipowners and shipbuilders has 
existed, owing to the very favourable results found 
to arise, within the last few years, in not one ship 
or two ships, or a dozen ships, but in scores of 
steamers, by cutting them amidships and lengthen- 
ing them by the addition of a piece of straight middle 
body. We have heard instance after instance quoted 
where the vessel has carried more cargo, steamed 
faster, and burnt less coal after being lengthened, 
and in fact vessels have been converted from unpro- 
fitable to profitable ships by the simple process of 
lengthening. Where great improvements have been 
made in the engines and boilers at the time of length- 
ening the ship, such as when they have been ‘ com- 
pounded,” it would be only natural to expect better 
results than formerly, and to combine less coal con- 
sumption with greater cargo capacity. Where little 
or no change had been made in the machinery, and 
yet coal consumption and speed were said to have 
remained as well as before, or even better, with a 
greater skin resistance and greater weight of cargo 
—and we have often heard such facts asserted firmly 
by people in a position to know the truth—the 
question became not a little perplexing, especially 
in view of other somewhat similar cases of 
lengthening in which a loss of speed of nearly half a 
knot had been the result. 

Mr. Froude’s paper supplies a curious and valuable 
explanation of such apparent anomalies. His ex- 
periments were made with models of ships varying 1n 
length from 180 ft. to500 ft. long, all having the same 
beam 38.4 ft., the same draught 14.4 ft., the same 
form of midship section, and the same length of fore- 
body and after-body, or entrance and run, viz., 50 ft. 
each. The shortest ship had no middle-body, and 
the longest had 340 ft. length of straight middle- 
body. The intermediate vessels went in steps of 
about 20ft. of middle-body, everything else remaining 
the same; in fact the shorter models were made 
from the longer, by cutting out successive lengths 
of middle-body and rejoining, soas to keep the same 
surface friction. The displacements of the ships 
represented by the models ranged from 1245 tous 
to about 6000 tons by intervals of about 142 tons. 

The resistance of each model at different speeds 
was ascertained, and the corresponding resistances 
of the series of ships were set up in the usual form 
of ‘curves of resistances.” These curves proved to 
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be by no means fair curves, such as one would 
expect on the supposition that the resistance varied 
as the square or any other power of the speed, but 
resented undulations—‘ humps or contra 
exures.” And instead of the resistance in eac 
case going up regularly as the middle-body was 
lengthened, a curious alternation of excesses and 
diminutions of resistance was observable. 

«‘ Comparing together the curves of resistance of 
these ships, we find that at the lower speeds every 
added 40 ft. of length (and 142 tons of displacement) 
increases the resistance by about the same amount ; 
but at the higher speeds this harmony disappears. 
At 13 knots, for example, the 200-ft. ship makes 
considerably more resistance than the 240-ft. ship, 
which has 568 tons more displacement ; and though 
at 14} knots the longer ship again makes the greater 
resistance,: yet even at 14 knots the 280-ft. ship 
makes less resistance both than the 200-ft. ship of 
1137 tons less displacement, and than the 240-ton 
ship of 568 tons less displacement ; and at 14} knots 
the 200-ft. ship makes almost as much resistance as 
the 360 ft. ship of 2275 tons more displacement. 
Similar anomalies appear in the comparison between 
other ships. The tendency to alternate excesses and 
defects of resistance in the shorter ship as com- 
pared with the longer appears throughout the dia- 

am.” 

Mr. Froude then proceeds to analyse these results, 
regarding the resistance of a ship as made up of 
three items, viz., skin friction, eddy - making re- 
sistance, and wave-makivg resistance. The former 
is approximately proportional to the area of 
skin, so that addition of successive equal incre- 
ments of parallel side can only affect it to the 
extent of producing corresponding equal incre- 
ments for every additional length. ‘+ The ano- 
malies we have noticed,” says Mr. Froude, “ can 
only be the result of some unexpected effect which 
the distance between the two ends produces upon 
the other two items which make up what may be 
conveniently termed the ‘residuary resistance.’” 
Mr. Froude then eliminates the known frictional re- 
sistances from the total resistances given on the 
curves, and makes a fresh series of curves, the ab- 
scisse being the lengths of straight middle-body for 
the respective ship and the ordinates being the “‘ re- 
siduary resistances” for the corresponding ship at 
the several rates of speed. A series of curves are 
thus formed, one above the other, for different speeds, 
each curve representing the gradual change in “ re- 
siduary resistance” corresponding to the gradual 
elongation of the middle-body at a particular speed. 
From these curves it is seen *‘ that_up to a speed of 
about 11 knots they are straight and level, showing 
that the residuary resistance is practically un- 
changed by insertion of parallel side; but that at 
higher speeds they present a series of regular un- 
dulations, showing that the gradual insertion of 
parallel side produces an alternate increase and dimi- 
nution in the residuary resistance.” 

These undulations in the curves of residuary re- 
sistance explain and harmonise with the apparent 
anomalies in the comparison of the curves of resis- 
tance before referred to, but how are they to be ac- 
counted for? This question has fortunately not been 
left unanswered by Mr. Froude. By carefully ob- 
serving the waves formed along the side of the 
model corresponding to the 500 ft. ship, when 
running at a speed corresponding to 14.43 knots, 
the positions of the crests and hollows were ascer- 
tained, and it was found that a close connexion ex- 
isted between the positions of those crests and 
hollows, and the positions of maxima and minima 
formed by the undulations on the curves of residuary 
resistance, It became, in fact, clear ‘that the re- 
siduary resistance is smallest when the middle-body 
is of such a length as to place the middle point of 
the after-body where a wave crest would be if the 
middle-body were continued, and largest when of 
such length as to place it where a trough would be.” 
The inference is that according as a wave crest or a 
wave hollow comes about the middle of the after- 
body so will the forward pressures of the water on 
the after-body be greater or less, and the total re- 
sistance of the ship be less or greater. In the very 
long parallel.sided form, 500 ft, the sternmost of 
the train of waves left by the bow had become so 
small that its effect on the stern was almost in- 
sensible, and the united resistance was due to the 
generation of a separate wave system by each end 
of the ship. ‘‘ As we gradually reduce the length 
of middle-body the stern is brought within reach of 
waves large enough to produce a sensible effect, and 
according as it is brought into conjunction with a 


crest or a hollow, the total wave-making resistance 
becomes alternately less or ter than that due to 
the sum of the actions of the two ends of the ship 
when acting independently ; the wave-making re- 
sistance becoming least of all (except at the very 
highest speed) when the middle-body is reduced to 
nothing.” 

Mr. Froude points out that the length spacing of 
the wave system, and consequently the positions of 
the troughs and crests, depends on the speed, and 
therefore the position of the after-body, which is 
specially favourable at some given speed, may be 
specially unfavourable at a higher speed, and at a 
higher speed still may be favourable again. 

The models experimented upon by Mr. Froude 
had fine entrances and runs, and this may account 
for the fact that the undulations in the curves of 
residuary resistances did not become important until 
comparatively high speeds were reached. Probably 
in ships having ends as full as an ordinary cargo- 
carrying merchant steamer, they arise at much lower 
speeds, and these phenomena must always exert a 
very considerable influence upon the behaviour of 
such vessels before and after being lengthened. 

No part of the question of resistances possesses a 
more direct interest for shipowners than this, and 
we most heartily congratulate them and Mr. Froude 
upon the progress that has been made in our know- 
ledge of the subject. 


UNDERGROUND TELEGRAPHS. 

THE two papers—one on “ Underground Tele- 
graphs,” by Mr. Willoughby Smith, and the other 
on‘ Underground Telegraphs in France,” by Mr. 
John Aylmer, C.E., of Paris—which were read 
before the Society of Telegraph Engineers on the 
28th ult., will have done good in directing attention 
not only to the question of underground telegraphs, 
but also to the means by which that deterioration 
in the insulating properties of wires laid under- 
ground may best be combated. Probably no 
person has a better knowledge of the properties of 
gutta-percha as applied to telegraphic purposes 
than Mr. Willoughby Smith, who has been associated 
with its manufacture and application in this direc- 
tion almost from its earliest employment. Hence 
anything which may come from him upon the sub- 
ject will always claim attention and be listened to 
with that respect which is due to a large and well- 
earned experience. 

Contesting a statement which appeared in the 
a the Telegraph, an American publication, 
to the effect that ‘‘ the most experienced telegraph 
engineers and electricians of all countries in which 
underground wires have been used are united in the 
opinion that thus far, at least, their use has been 
attended with very unsatisfactory results, and that 
no method of construction yet devised has main- 
tained underground wires in working order for any 
length of time,” Mr. Willoughby Smith remarks: 
There can be no doubt that the failures of many of 
the wires laid in the years 1852, 1853, gave a blow 
to the underground system, from the effects of 
which it has not yet recovered. But at the present 
time, if it is desirable to have a system of under- 
ground wires, there are no insurmountable diffi- 
culties in the way of establishing such a system on 
a firm and lasting basis. ‘Those who are well 
acquainted with the way in which the work was 
carried out in the years mentioned, feel no surprise 
at its early failure. In 1853 there were four of the 
then largest telegraph companies laying wires 
covered with gutta-percha from London to most of 
the largest towns. At this time the method of 
covering wires with gutta-percha was very imperfect 
as compared with that employed at the present day, 
and the means of production totally inadequate to 
the demand. Matters were, moreover, not mended 
by the destruction by fire of the company’s factory, 
from which nearly the whole of the wire was being 
supplied, A laxity of supervision on the part of the 
telegraph companies, the employment of coal-tar, 
naphtha, or other powerful solvents, with a view to 
insure adhesion between the separate coatings of 
the wire, all tended to reduce the durability of the 
gutta-percha in the sense in which it was employed. 

It was to remedy this that Mr. Willoughby Smith 
introduced in 1857 his adhesive insulating com- 
pound employed on the wire and alternately with 
each covering of gutta-percha—a compound still 
used for the purpose. In those days the wires were 
covered in short lengths. A great number of joints 
was the result, and both electrically and mechanically 
these joints were far inferior to those of the present 











day. ‘The joints were not tested separately but in 








whole lengths of wire wound into coils, immersed in 
water of no specified temperature, a sand battery of 
360 cells, with what would now be considered a very 
dull vertical galvanometer being used for the pur- 

The conductor was usually a solid copper 
wire, 63 lb. to the statute mile, and of the gauge 
known as No. 16 B.W.G. The copper was not 
selected for its electrical qualities; want of con- 
tinuity caused by the presence of foreign matter, 
rottenness from being burnt while annealing, and 
numerous other causes all contributed towards dis- 
satisfaction and failure in this direction, One tele- 
graph company laid some of its wires wholly without 
Seger sea in a trench dug in the six-foot of a railway. 
n other places creosoted wood was employed, Nume- 
rous faults arose, presenting themselves even before 
the lines were completed. Another company laid 
its wires in a thin wooden trough in a trench by 
the roadside, while another company taped each 
wire, passing it through a bath of hot coal tar, lime 
and sand, exposing the coils on bars of wood to 
dry without protection from the sun. Such are a 
few of the early experiences of underground tele- 


graphs. 

In 1861 Mr. Smith introduced what is known as 
the ‘‘ wet serving,” that is to say, he advocated that 
the hemp covering, or serving as it is termed, of an 
insulated wire should be saturated with a conducting 
instead of an insulating fluid. Hitherto coal, or 
Stockholm tar, and in some instances a mixture of 
the two combined with tallow had been used. Since 
that date tar has been abandoned and the serving of 
submarine cables has been tanned and applied wet, 
and the results have been highly satisfactory. Hence 
Mr. Willoughby Smith argues that the employment 
of tar not only conceals temporarily any injury the 
gutta-percha may have received, but that it has a 
very prejudicial effect on the durability of the gutta- 
pone especially when exposed to the atmosphere. 

n support of this he gives the following results of 
experiments made with that object : 

Three separate samples of pure Stockholm tar 
were procured, and immersed in it he. placed 1000 
yards of gutta-percha core—that is, 1000 yards in 
each sample of tar. Each coil was numbered. With 
No. 1 the tar was maintained at a uniform tempe- 
rature of 90 deg. Fahr. The fall in the insulation 
of the wire decreased daily. From June 8th to 
November 21st, it had fallen from 62 to 1.125 me- 
gohms per knot. ‘Che coil was then cleansed from 
tar and immersed in water kept at a similar tem- 
perature to that of the tar. From November 27th 
until March 5th, the insulation increased from 1.257 
to 26.96 megohms per knot, when it began to fall, 
and on the 25th of May its insulation stood at 2.237 
megohms per knot. For three years this core re- 
mained immersed in water at no regular tempe- 
rature. The water was then kept at 75 deg. Fahr. 
for twenty-four hours, and the insulation found to 
be nil. The coil on being divided into four parts, 
each part gave a similar result, showing the depre- 
ciation to be general, 

With coil No. 2 the conditions were the same, 
except that the tar was not kept at a uniform tem- 
perature, but varied during the experiment from 
60 deg. to 68 deg. Fahr. During four years the in- 
sulation gradually decreased from 139.8 to 4.76 
meghoms per knot, On being cleansed from the 
tar and immersed in water its insulation increased 
to 11.43 megohms, and on being divided into four 
parts it also showed that the depreciation was general 
throughout the 1000 yards. 

The experiment on coil No. 3 was similar to that 
in all its details on No.1. The wire, however, lost 
its insulation more rapidly, a result attributed to 
the inferior quality of the Stockholm tar used under 
this experiment. Like the others the depreciation 
was general. Mr. Willoughby Smith remarks that 
the higher the temperature the quicker the effects 
on the gutta-percha, Coal-tar is quicker in its de- 
structive effects than Stockholm, and coal-tar naphtha 
still more so, causing the gutta-percha to crumble 
away like *‘ old putty.” He is therefore of opinion 
that to apply tar or any solvent of gutta-percha to 
wires insulated with that material is sanbionn to 
surrounding iron wires with nitric acid before sus- 
pending them in the atmosphere. 

Towards the conclusion of his paper Mr. Smith 
gives some useful information as to the requisite 
conditions of gutta-percha wires. In 1853 some of 
the wires laid down contained 63 lb, of copper and 
131 1b. of gutta-percha, others 63 lb. of copper aud 
103lb. of percha per statute mile, their external 
diameters being relatively .276 and .247 in. The wire 
used at the present time is much smaller and gene- 
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rally contains only 39 1b. of copper and 46 1b, of 
gutta-percha per mile, the external diameter being 
only .171. Even under these conditions the electrical 
requirements are more than obtainable—that is, the 
insulation and conductivity tests are more than 
complied with, but the question of strength is one 
which if we may judge from Mr. Smith’s remarks, he 
searcely thinks is sufliciently considered. A wire 
of so small a gauge leaves but little margin for 


rough usage or flaws in manufacture. He considers 
that the conditions should never be less that 63 1b. 
of copper and 81 1b. of gutta-percha per mile, the 
exterval diameter being .221in. The wire should 
be supplied in lengths as required without joints. 
Each length should be wound on a reel and placed 
in water kept at a uniform temperature of at least 
24 deg. C, for twenty-four hours before testing. To 
obtain the resistance of the gutta-percha a battery 
of sufficient tension should be employed, so that 


with a sensitive reflecting galvanometer the reading 
should be about 100 divisions after one minute's 
electrification. Both currents should be applied 
for several minutes and the deflections at the end 
of each minute carefully noted. The electrostatic 
capacity of each length and copper resistance should 
also be recorded, the capacity test being applied 
previous to that for insulation. 

Coming to the all-important question of preserva- 
tion, Mr. Willoughby Smith has known gutta- 
percha covered with lead to answer well, but this 
requires care and a certain thickness of the insu- 
lating material to insure against loss by way of the 
lead coating. Cores possessing good proportions of 
gutta-percha, and copper taped and drawn into iron 
pipes laid on the ground, answer well. Another 
proposal is that the number of wires to be laid 
down should be served with wet tanned tape or 
other suitable material, and then surrounded by 
iron wires, the whole being covered with Clark’s 
compound, or with the prepared canvas as supplied 
by Messrs. Johnson and Phillips. Something 
similar to this has long, it is said, been a ag 
on the Continent with good results, In conclusion, 
Mr. Smith is of opinion that if the use of small 
wires and tar were abandoned, and the same 
amount of care taken with underground work which 
is applied to submarine cables, there need be no 
fear in the future of the durability of underground 
telegraphs. 

We are very much in accord with Mr. Smith in 
his observations on this question. The extract upon 
which he bases his paper, and about which he very 
properly takes up the cudgels, must have been 
written under a misapprehension, for it could only 
apply to the early efforts alluded to by the author as 
attempted in 1852 and 1853. The manufacture of 
gutta-percha was then in its infancy; it was an 
almost unknown material, and not only was its 
manufacture for, and application to, telegraph pur- 
poses crude, but the means adopted for laying the 
wires, and protecting them when laid, were of an 
equally primitive character ; more the result of con- 
venience of circumstance than of careful reasoning. 
Under such circumstances, the chances of failure 
were, in comparison to those of success, as a hun- 
dred to one; and viewed from our present stand- 
point, the knowledge which the experience of to-day 
gives us, we can only express surprise that the 
collapse was not even more conspicuous, With that 
indefatigable energy which characterises the Eng- 
lish race, however, these failures only served the 
purpose— which every failure should—of establishing 
a system in not only the manufacture, but also in 
the laying and general treatment of gutta-percha 


wires. ‘lhe manufacture of this material was never 
so well understood as it is at the present day, and 
successful as have been the results already obtained 
from it, there is reason to look forward to something 
yet in advange of even this, provided an unwise 
economy in curtailing the price, and in restricting 
the amount of covering to the wire, does not step 
in to bar the way. We see cables, the conducting 
wires of which are sheathed in gutta-percha, lasting 


almost any length of time. It is no doubt true that 
greater care has been displayed in the making and 
laying of such than is afforded to ordinary sub. 
terranean wires, probably because the latter is more 
accessible in case of failure, but it would hardly 
seem a wise policy, Improvement is to be effected, 
and care in manufacture, care in laying, and a 
liberal consideration of the manufacturer’s charges 
in thus preparing a really good article are the stepping 
stones towards it, In the meanwhile we think there 
is great room for scientific investigation of the 


degeneration of gutta-percha and other insulating 
materials when exposed to the atmosphere. Atten- 
tion was directed towards this subject amongst 
others in the admirable address of the Society's 
President for the year, Professor Abel, F.R.S., and 
it is to be hoped that the session will not be closed 
without some one having taken it up. It isa subject 
of the highest interest to the science, and any one 
who may take it up and deal with it in an efficient 
manner will deserve the thanks of the entire com- 
munity ; for there is now scarcely an individual to 
whom the telegraph of the day is not in one way 
or another, directly or indirectly, a matter of far 
higher import than the casual observer may con- 
sider. Mr. Willoughby Smith has produced strong 
evidence against the employment of tar with gutta- 
percha, and we know that its application instantly 
lowers the insulation properties of gutta-percha ; 
but there is also this to be said, that gutta-percha 
wires taped and tarred with Stockholm tar, where 
exposed to atmospheric influences, last much longer 
than plain gutta-percha wires similarly placed. This 
would seem to indicate that under certain conditions 
Stockholm tar is a preservative, and prevents the 
evaporation of that oil which apparently constitutes 
the insulating property of the gutta-percha, the eva- 
poration of which leaves nothing but a hard, cracked, 
crumbling substance—such as Mr, WilloughbySmith 
describes as ‘‘ old putty.” 

We shall return to the subject of Mr. Aylmer’s 
paper on another occasion The discussion on Mr. 
Willoughby Smith’s paper was interesting, chiefly 
in an historical sense. It was taken Fe. in by 

reuenfeld, 


Sir Charles Bright, Mr. Truman, Mr, 
and others. 
NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig Iron Market.—There was rather a firmer 
feeling in the pig iron market last Thursday, and business 
was done in warrants in the forenoon at 53s. 9d. cash, at 
which buyers remained at the close, sellers asking 53s. 10$d. 
The afternoon market was idle, prices remaining as at the 
forenoon’s close. On Friday morning the market opened 
strong, and a little excited, and an advance of 3d. per ton 
took place, but which was afterwards lost, and the market 
clo at its lowest for the week at a decline of about 3d. 
from the price of the close on the preceding Friday. 
Business commenced in the forenoon at 53s. 10}d., im- 
proved to 54s., and thence receded to 53s. 10}d. and 53s. 9d. 
cash, closing in the forenoon sellers at the lowest figure, 
buyers at 53s. 8d. cash and fourteen days. In the after- 
noon business was done at 53s. 9d. one month, and the 
market closed sellers at that figure, and buyers at 53s. 8d. 
one month. Monday’s market was steady in the forenoon, 
but only a small amount of business was done in warrants 
at 53s. 7id. cash, at which buyers remained, sellers 
asking 53s. 8d. Business to the extent of 1000 tons 
was done in the afternoon at 53s. 7d. one month fixed, 
buyers over, sellers 53s. 8d. cash. There was a steady 
market yesterday morning, and the quotation for warrants 
was 53s. 74d. cash buyers, sellers asking 53s. 9d. Holders 
became very firm in the afternoon, and commenced at 
58s. 9d., increasing prices to 53s. 10}$d. cash, at both of 
which rates business was done. The market closed sellers 
at 53s. 10}d. and buyers at 53s. 9d. cash. This day’s 
market was idle in the forenoon, and no business was re- 
ported, buyers 53s. 9d. cash, sellers 53s. 10d. There was 
again an entire absence of business in the afternoon, and 
the prices asked and offered remained the same as in the 
forenoon. Notwithstanding the warlike nature of the 
Eastern advices during the past week, holders have re- 
frained from pressing their iron upon the market, and 
warrants being scarce, prices have remained somewhat 
steady. The American and Continental demand is still 








Provost, to decline the offer of the Land Association and 
to throw upon that body the responsibility of erecting the 
bridge, was carried by a majority of 12 votes to 9. A design 
has been made ont for the construction of the proposed 
bridge—the lattice girder type being adopted with three 
spans of 130 ft. each. 

Royal Scottish Society of Arts.—At a meeting of this 
Society held last week, Dr. R. M. Ferguson, vice-president 
in the chair, a communication was read by Mr. John 
Laing, Leith, on ‘‘ Ventilation and Ventilators,” with 
special reference to Boyle’s patent self-acting air pump 
ventilators. 


Fairfield Association.—An ordinary meeting of this 
Association was held last Friday night, Mr. W. M. Ogilvie, 
President, in the chair. Mr. Louis Marshall read a paper 
on ‘‘Spring Loaded Safety Valves,” in the course of which, 
with the aid of diagrams, he described the more common 
forms of safety valves now in use, and then entered at 
length into the methods and principles of spring loading, 
giving the chief calculations necessary, A somewhat lively 

iscussion followed, the members generally concurring in 
the ideas expressed in the paper. At the close, Mr. 
Marshall was awarded a cordial vote of thanks. 


Contract for the Dundee Tramways.—On Friday after- 
noon the Dundee Corporation Tramway Committee met for 
the purpose of considering the tenders lodged for the con- 
struction of the proposed tramways. There were six offers, 
all of which closely approximated with the estimate of 
11,0007. made out by Mr. Mackinson, the borough sur- 
veyor. Ultimately, after full consideration, the offer of 
Messrs. Charles Brand and Son, Glasgow, was accepted, 

heir tender amounting to 11,0921. 10s. 10d. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Coke-Making in South Yorkshire.—For some years past 
the production of coke for steel melting and other purposes 
has been very largely increased within the South Yorkshire 
district, and few of the many new collieries have been 
0} up withoat this useful adjunct to their plant. At 
the present time additional coking ovens are being erected 
at the East Gawber colliery, and at the New Oaks, Wharn- 
cliffe Silkstone, and other pits, the slack coal is now being 
washed before being baked. 

The Shireoaks Colliery Strike.—The dispute at this 
colliery has now been settled by mutual concessions, the 
wages to be on the basis of 6 cent. higher than the 1871 
prices, the output per ton to be 21 cwt. instead of 22} cwt. 
as heretofore, house coals to be supplied to the men at a 
reduction of 1s. per ton, and certain special rates to be paid 
for getting coal ‘‘on the end.”” The men have now resumed 
work. 


The Leeds New Eccup Reservoir.—In ane before a 
Parliamentary Committee as to the new Eccup reservoir, 
Mr. Pender, Q.C., read some comparisons between it and the 
Dale Dyke reservior at Sheffield, which burst in 1864. He 
said the height of the Sheffield embankment was 95 ft., 
that at Eccup would only be 75 ft. In the former case the 
slopes were at the inclination of 2} to 1 only, whereas in 
the latter they would be 3}. The length of the Sheffield 
reservoir was 1250 ft., that at Eccup 700 ft. The top 
width of the Sheffield embankment was only 12 ft., whilst 
the Eccup one would be 25 ft. The width of the Sheffield 
embankment at the base was 500 ft., and the Eccup one 550. 
The thickness of the puddle trench at the top would be 8 it. 
i at Sheffield, and at the bottom 26 ft. as 
compared with 16 ft. The gathering ground would be 
1500 acres at Eccup, and was at Sheffield. The con- 
tents of the Sheffield reservoir was 710,000,000 gallons, 
whilst the Eccup would hold 1,230,000,000 gallons. 


Chesterfield and Derbyshire Institute of Engineers.—A 
general meeting of the members of this Institute was held 
on Saturday, at Chesterfield, the President, Lord Edward 
Cavendish, in the chair. The following new members were 
announced : Eckley B. Coxe, mining engineer, Drifton, 
Luzerne County, Pa.. U.S. ; Godfrey Baker, Brinsley 
Colliery, Eastwood, Notts ; Charles Tomlinson, C.E., Ro- 
therham, and Philip Wade, New Station Road, Sheffield. 





very limited. Special brands remain unaltered, and a 
fair amount of business continues to be done for home con- | 
sumption. There is little iron on sale, and the market at } 
present is largely oversold in anticipation of lower prices 
when peace is actually broken. Trade does not improve | 
rapidly, but there is a steady improvement noticeable in | 
the home trade, which would doubtless soon reach the | 
foreign export trade if the present political suspense were 
made certain, either one way or the other. Shipping iron 
continues to be in moderate demand, last week’s returns 
showing a total of 11,366 tons as against 10,721 tons in the 
corresponding week of last year. There has been a de- 
crease during the past week in the extent of the stock of 
pig iron in the warrant stores, the amount with Messrs. 
Connal and Co. last Friday night being 128,714 tons. 

The Scotch Blast Furnaces.—The blast furnacemen are 
again settling down to their work at the reduced rate of 
wages, and four additional furnaces have been put in blast 
—three at Langloan and one at Quarter Iron Works. 
There are in blast. at present 113 furnaces as against 118 
at the same time last year. 

The Proposed New Bridge over the Dee.—On Friday 
last, the town council of Aberdeen held a special meeting 
at which the offer of the Land Association to contribute 
55001. towards the erection of a new bridge across the Dee 
was taken into consideration. It is estimated that the cost 
of the bridge will be 11,5001., and the sum of money at 


command for its erection, a contribution of 
55001. by the town, is 12,2500. a considerable 








causes which lead to the decomposition or electrical 


amount of discussion, a motion proposed by the Lord 


| R. A. Marshall ; 


Mr. Henry Osborne, Park Hall, Walton, Chesterfield, was 
elected an honorary member. After a somewhat long dis- 
cussion as to the Stephenson Memorial Hall, in the course 
of which it was stated by the President that the contracts 
would soon be let, the following papers were made the 
subjects of conversation and debate: ‘* The Advantages of 
a Sectional Boiler over any other Class of Boilers,’’ by Mr. 
‘The Liernur System of Drainage and 
Treatment of Sewage,’ by Mr. A. F. Painter; and “A 
Short Description of a new Paraffin Safety Lamp,”’ by 
Mr. S. C. Wardell. The papers, ‘‘ Spontaneous Combustion 
in Coal Mines and its Treatment,” by Walfred Eley, and 
‘* Translations from the French of the Work of the Belgian 
Royal Commission on Safety Lamps, and of the Royal 
Decree of June, 1876,’ by Mr. A. H. Stokes, were taken 
as read, and ordered to be published in the Institute's 


proceedings. 


NOTES FROM THE SOUTH-WEST. 

Another Welsh Coal Discovery.—The Voilart Company, 
which have for some time been sinking a pit midway be- 
tween Killay and Dunvant, close to the London and North- 
Western Railway, have succeeded in striking the Frog-lane 
vein 

South Wales Coal and Iron E .—The exports of 
coal to foreign ports last month’ from Cardiff reached 
316,635 tons ; the foreign coal exports for March, 1876, 
were 199,504 tons. From Newport the quantity of coal 
shipped to foreign ports amounted to 58,712 tons; for 
March, 1876, the quantity was 54,873 tons. From Swansea 





























































































F 
: 
























AprIL 20, 1877.] 


ENGINEERING. 


333 





the quantity of coal exported to foreign last month 
ere tons; the quantity for March, 1876, was 
54,907 tons. The quantity of railway iron sent from Cardiff 
last month was 4097 tons ; the quantity sent from Newport 
was 10,093 tons. Kurrachee, Men and Madras absorbed 
nearly all the iron rails exported from South Wales last 
month. The exportation of steel rails is rapidly increasing, 
Russia taking scarcely any other kind of rails. 

Aberdare.—The coal trade of the valley during the past 
week has been fairly good. The Powell Duffryn: collieries 
have been kept going pretty regularly, none of the pits 
having worked less than four days, while in some instances 
they have worked every a e Aberdare and Plymouth 
Company’s pits, too, have been kept steadily going, as also 
the Aberdare Coal Osnipear® colliery. At the Gadlys 
pits there has been a slight improvement. 


Launch of H.M.S. Iris.—The Iris is the first ship of war 
which has ever been built for the British navy wholly of 
steel. She has good accommodation for her crew, being lofty 
between decks, and she is thoroughly ventilated. She is 
propelled by twin screws, the shafting tubes running a 
length of 60 ft. on each side on the exterior of the ship on 
account of her fine lines. Her principal dimensions are as 
follows: Extreme length, 330 ft.; breadth, 46 ft. 1 in. ; 
depth of hold, 16 ft. 3in.; draught of water forward, 
17 ft. 6 in. ; aft, 22 ft. ; displacement in tons, 3751; en- 
gines, indicated horse power, 7000; estimated speed at 
full power, 174 knots ; and at half power, 14 knots; stow- 
age of coals, tons. Her armament comprises eight 64- 
pounders, broadside guns, and two guns of the same size 
revolving. 

The Forest of Dean.—There is but little alteration in 
the state of the coal trade, and the pits are, on the aver- 
age, only working four days per week. Wages are now 
reduced to the old standard, and in some instances a 
lower wage is paid for certain classes of work than in 
1870- The iron trade is gloomy, and prices are equally 
unfavourable. 


Ebbw Vale.—The steel works are active, and the men 
are working full time. The coal trade remains in the slug- 
gish condition in which it has been for some weeks past. 
The colliers work from four to five days per week. 


Swansea.—Coal exports show little alteration, and 
prices remain as last quoted, with a downward tendency. 
The tin-plate trade gives daily indications of returning 
activity, and prices remain firm. The patent fuel exports 
during the past week contrast favourably with previous 
corresponding periods. Messrs. Cory, Yeo, and Co. 
have yr are 4222 tons, and the Aberdare Merthyr Patent 
Fuel Company 350 tons. Some large orders are also on 
hand. 








THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EDITOR OF ENGINEERING. 

Srr,—Now that the 25th inst. has mn chosen as the 
day on which the proposed new class in the Institute is to 
be discussed at a meeting of Members and Associates, it is 
well that the Associates should wn | consider their 
position at present and in the future. Those gentlemen 
not professional engineers will, we believe, not bestir 
themselves whatever in the matter, considering rightly 
that they are in their proper position and have nothing to 
grumble about. 

Therefore it is to the professional Associate that I offer 
these warning lines, and especially to those who havi 
the qualifications for membership have been so far rejec 
at the caprice of the Council. 

I use the word “‘ caprice’’ because it is notorious that 
a portion of the Associates have seen more actual work 
than many of the Members, and are in all respects better 
men. Should this unfair course continue the Council must 
be prepared to be considered as a trade’s union ; and a means 
must be found, on behalf of such Associates, of making 
this known to the public, who may well wonder why these 
matters are not managed in the open and English Jashion 
pursued in qualifying barristers and physicians. 

There is no need whatever for forming class into which 
able men will be placed and remain at he pleasure of the 
Council. Let those who are qualified for membership 
be made Members, and then if the Council wish to make 
Graduates or Senior Members let them do, but let the 
qualification be fairly open and attainable by all, and not 
given as a gift. It would be very fair to the public if the 
qualification for a Graduate was the fact of the applicant 
having as chief engineer constructed a railway, canal, 
water works, or marine work on the one hand, or havin 
invented some mechanical improvement which has bond- 
fide been of use. Or the qualification for a Senior Member 
might be one of age and experience, say any Member who 
is upwards of fifty years of age, and who has practised his 
profession to that date. 

According to this scale, a man should first be a Student 
untiltwenty-five, then an Associate until he has been in 
charge for five years of works, &c. (see statutes of the 
Institute), then a Member until he is made a Graduate or 
Senior Member. 

At any rate, whatever is done, the Associates should 
demand justice, and fair uniform qualification tests, and 
to obtain these it is neces: that they should muster in 
full force at the meeting. "No intermediate class i 
men who should be Members, as not worthy to be what 
poo are iad entitled to, according to Telford, should be 


Your obedient servant, 


April 16, 1877. An ASSOCIATE. 





To tHe Eprror or ENGINEERING. 
Ste,—Referring to your number of the 30th ult., and 
the letters therein respecting the proposed creation of an 
intermediate class between Members and Associates of the 


Inst. C.E., I have waited to see if any one would be at the 
trouble of noticing—to put it mildly—the many fallacies 
and erroneous statements some of those letters contained. 
Perhaps many have thought it quite unnecessary to do 
so, because the letters do confute themselves to a very 

at extent, and because Mr. John Dixon’s excellent 
etter also answers them satisfactorily. As to ‘‘ Roche- 
foucauld’’ it seems to me that his maxims apply equally 
well to solving the mystery ‘‘ how the milk got into the 
cocoa-nut,’’ for there I have no doubt it was “ upwards of 
two centuries ago,’’ as they do the question now under 
consideration. 

But, there is one assertion at least, which, in my humble 
opinion demands a = and unqualified contradiction. 

** Associate I.C.E.’’ says that ‘as a profession we 
have not, nor can we ever have in the nature of things, a 
: oe of ‘ examination,’ and consequent diploma, 

say we can have a fixed standard if such standard 
were agreed upon, and if desirable. Is it desirable? 
Some nations have a standard set up under Govern- 
ment auspices, but I believe I may a say, that 
English engineers of all classes have creditably, and often 
brilliantly, led the way in rT som permed undertaki in all 
quarters of the globe, without any such s' , and 
without any Government or other public endorsement of 
their individual capacity. : 

Further, ‘‘the title of ‘Member’ conv: to the public 
no such guarantee of ability as does the M.D. of the doc- 
tor of medicine, or the M.A. degree of the university 
man.” (I should be sorry if.it did—that and no more.) 
**'To obtain the rank of Member in the Institution of Civil 
Boginous requires only interest, friends who know you, 
and an undefined amouat of work supposed to have been 
carried out by the candidate, or r still, to have the 

iff of business success,’ &c. Sir, if the latter unjusti- 

e assertion were correct, then the former would be 
true also. It makes an anonymous, an indirect, and may 
it not be said, libellous attack on the Members of Council, 
and asserts a gross dereliction of duty and abuse of trust 
confided to them. 

Will ‘‘ Associate I.C.E.’’ come forward and substantiate 
his audacious assertion? It is to be hoped he is prepared 
to do so, for such a charge should be at once proved—if 
true, and a remedy applied—and if not true, the author of 
it be subjected to a well-merited castigation. 

The above refers to the main point of his letter. _How- 
ever, it may be added that it is impossible ‘‘in the nature 

things’”’—and moreover quite unnecessary—to establish 
the comparative value to the public of the title of M. Inst. 
C.E., the M.A. degree, andthe M.D. diploma. But could 
this be done, I, for one, have no fear, or doubt, as to the 
position the M. Inst. C.E. would occupy at the close of any 
such investigation. 

In conclusion I will only remark that if such assertions 
as are here noticed, are yples of that ‘‘ native charm 
of manner” to which “Associate I.C.E.” touchingly al- 
ludes, and assumes he is endowed with, it is very evident 
that he has utterly failed to make good his claim to be 
considered a civil ineer. 

I am Sir, your obedient servant, 
April 17, 1877. FIGHT-FAIR ! 


PERKINS’ ENGINES AND BOILERS. 
To THE EDITOR OF ENGINEERING. 

Srr,—Your correspondent ‘‘Lux’’ has opened a very 
important subject in connexion with the paper read by 
Mr. Perkins at the United Service Institution. He seeks 
for more light on the circulation in water-tube boilers and 
their continued efficiency at sea. 

I may safely say it is the honest conviction of the engi- 
neering profession that, when the difficulties arising from 
a want of circulation in the lower tubes are overcome, this 
type of boiler will supplant all others. From my ex- 

ience in water-tube boilers, a several years, 
find that they nearly all succumb to this same malady. 

According to ‘‘ Lux,’’ Mr. Perkins claims the Montana’s 
boilers to be a copy of his, and the want of their success 
lay in the omission of a — pipe. On the other 
hand, Mr. Parker says Perkins’ is exactly similar in 
principle of construction to the Montana’s, and, although 
a trial boiler on a small scale gave great satisfaction, yet 
when tried at sea on a larger scale proved a failure. Now 
with res to the position of the tubes in the Montana’s 
and Perkins’ boiler, there is a great similarity, but when 
we examine the principle by which one tube communicates 
with another, we find a great difference. Inthe Montana’s 
there were but two connexions to each tube, and these 
were placed 14 ft. apart; in Perkins’ the connexions are 
numerous, and pitched only about 2ft. apart. In the 
former the steam was locked, and only with great difficulty 
could it get away as fast as it was generated, in the latter 
the numerous openings provide a free passage for the steam. 
Therefore in looking at the question in this light, no single 
pipe could have saved the Montana’s boilers. Had there 

m connexions, say every 3 ft., these boilers would have 
been a great success. Again, the experimental boiler had 
its connexions much closer than 14 ft. Does it therefore 
appear incredible that these boilers, so successful on a 
small scale, are totally incapable of succeeding at sea on a 
larger scale? When the true cause of these failures is 
thoroughly understood, it is easy to provide a wr 4 

ving now exami the means of getting rid of the 
steam, we inquire how is the water to e its place? 
Perkins has no provision for this, He says that all the 
steam is made by foaming. In this he is quite correct. 
To do this, his tubes contain more steam than water, and 
under such circumstances what engineer would consider 
himself safe with a red-hot boiler? We hear daily of 


boilers priming, plates and tubes giving way, but the seat 
of the disease Kies in the want of cireulation. » Engi- 
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tube type. This point has not received the attention it 
uires. Thé internal circulating tubes of the Howard 
boilers. in the Fairy Dell and Mare Antony meres 
abortive. The Jorden boilers in the Montana and 
had no such provision. The Root boilers in the Queen of 
of the South and Birkenhead were very imperfectly sup- 
plied.’ The Rowan boilers in the Propontis is the only case 
mentioned by your Bajos: gy ean: where a free ci tion 
for the water existed, and thongh they proved a failure 
from a different cause, yet they ran long enough to demon- 
strate the efficiency of water-tube boilers. 
My attention was never more closely drawn to this point, 
than pin a ryt —_ ago won on wat i small — 
ing on the Mersey, having one of Watt’s paten’ 
pe de ilers (illustrated by you some time ago), work- 
ing at 120 lb. pe square inch, supplying steam for a pair 
of engines with 19} in. cylinders non-condensing, the boiler 
being fed with sea water. This is considered a severe test for 
an ordinary boiler, but much more so for a water-tube 
boiler. The water tubes lie in a position inclined to the 
keel, and the ends open into large chambers : here, no ob- 
stacle is offered to the free mobility of the water, and the 
difficulty of obtaining a regular circulation is entirely over- 
come, and priming prevented. ° 
One peculiarity about the working of these boilers is 
their immunity from scaling ; it ap that the circulation 
is so rapid that the attrition of the water is sufficient to 
prevent a thick incrustation. The deposit is in the form 
of a very fine white powder, a condition not found in the 
meng | boiler using salt water, and I am informed that 
— ea boilers are at work = — — are self- 
cleaning ; having been years at work without requiring 
excepting in the removal of the loose deposit found cae 
end chambers, although other boilers using the same water 
do scale and require cleaning. They are very economical 
boilers for non-condensing engines 23 lb. of fuel being used 
r indicated, horse power per hour ; but this might easily 
e reduced one-half with the modern compound engine. The 
saving of fuel effects not only steamship owners and steam 
users, but the whole community; and the boiler best 
— to this end is in the opinion of your humble ser- 
vant the 
Water TuBE. 


H.M.S. ‘* TOURMALINE.” 
To THE EDITOR oF ENGINEERING. 

Srr,—A letter appeared in the Times of the 7th inst. 
describing a series of misfortunes to the machinery of 
H.M.S. Tourmaline. ing the makers of the independent 
circulating pump mentioned, we shall feel obliged yy your 
giving us an opportunity of contradicting the general 
statements so far as they impute faulty construction to that 


machine. 

Instead of there being no means of lubricating the shaft, 
we beg to say a large oil cup was provided, and connected 
to the lowest part of the vertical g, and suitable oil 
ways were made in the interior of the bush, so that the 
—— might draw up the lubricant the whole length of 
the bush. 

The bush itself was fixed in the casting with a plain stop- 
pin drilled half into each. We have never found reason 
consider this an inefficient mode of holding a bush used 
under ordi working conditions. 

Itis also stated that fh peers oy a ng 

his is untrue, as the gland was packed before the pump 
left our hands; and Messrs. R. and W. Hawthorn can no 
doubt testify to the fact of its having been packed whilst 
on the trial trips, otherwise a good vacuum would probably 
not have been obtained. If, as a matter of fact, it was not 
— at the time the difficulties in working occurred, why 

id not the engineers pack it? 

The boilers primed badly owing to the occurrence of an 
accident necessitating the use salt water; but we do 
not think this of itself would have seriously interfered 
with the working of the ‘‘ three-cylinder’’ ine. What 
really caused the mischief was failure to lubricate the shaft, 
thus allowing it to seize in its ing. 

Were we to make the machine over again, we would 
employ the same arrangements for lubrication, and the 
same means of securing the bush. If the shaft “ fire’’ 
then the best thing to give way would be the stop-pin, as 
that could be most easily replaced. : 
« The contents of a marine engine-room may be described 
as “‘a combination.’’ If one element be changed, the 
correlative character of the whole is affected. In the pre- 
sent case the original accident appears to have been merely 
the failure of a feed tank ; but this simple cause gave rise 
to complicated derangements. In the confusion and 
anxiety resulting, it is not surprising if the lubrication of 
our circulating pump did not receive so much attention as 
it would have down under ordinary circumstances. 

We would not trouble you with this long explanation 
had not The Engineer thought fit to found a leading article 
on the anonymous letter in the Times; this article con- 
taining serious charges of bad design and workmanship 
against manufacturers; the writer of it having no proof 
whatever as to the truth of the facts, and still less reason 
for the deductions drawn from them. 

We are, Sir, your obedient servants, 
BRoTrHERHOOD AND HARDINGHAM. 
56 and 53, Compton-street, Goswell-road, 
London, E.C., April 19, 1877. 


HANAL GRASS, 
To THE Epiror oF ENGINEERING. 
S1r,—Can you kindly tell me the botanical name for 
‘* hanal grass,’’ which is used in India for planting on the 
sides of rivers to protect the banks. It is very much used 
in T District, Madras Presidency. I should also be 





much obliged if you can refer me to book which gives 
an account of it. Is “‘hanal grass’ Cyperus 
» | datus ? 
April 16, 1877. 0. J.B. 
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THE PROPER CIRCULATION IN BOILERS. 
To THE Eprror oF ENGINEERING. 

Srm,—I am glad to see by the letters of Mr. J. F. Spencer 
and of “Lux” in your that some attention is being 
directed to the subject of the proper circulation of boilers. 
The importance of this subject is undoubtedly great, but it 
is, I think, questionable if engineers have hitherto given 
it its full weight, or have realised how rigidly its require- 
ments should be observed, in designing and working 
boilers. 

It will readily be admitted by any one conversant with 
the matter that there is abundant evidence that in boilers 
of ordinary cylindrical design no attempt whatever is made 
to provide for free and natural circulation—the fires being 
placed in relation to a large mass of water in a most 
arbitrary and unreasonable manner. In fact, the furnaces 
are just poked in anywhere to allow of room for fines or 
tubes, and for what is called ‘‘ water space’’ above them, 
and are not in any way placed as the laws of the circulation 
of heated currents of water or even of guses would deter- 
mine. 

The defects of this system of construction have gradually 
made themselves apparent, and have called for the appli- 
cation of such devices as the ‘‘ hydrokineter’’ and others, 
which can only at best help alame dog over a stile, and can 
never hope to cure him. 

It is striking to find in the same number of your paper 
with the letter of ‘‘ Lux’’ calling attention to this subject, 
so weighty a commentary on the importance of the matter 
as is supplied by the letter of Mr. Robert Wilson on boiler 
explosions. 

In the majority of water-tube boilers but little advance 
has been made in the adoption of correct principles in this 
respect. Attention has been largely, almost exclusively, 
directed in their case to the —— of a large area of 
heating surface, and this seems to have eclipsed all con- 
siderations connected with the allowance of free circulation 
within the boilers. So that in most of them we find opposing 
currents of steam and water expected to pass by the same 
openings, and bodies of water placed so that all heated 
currents must force a way through them horizontally 
instead of being allowed freely to escape upwards in the 
direction most natural to them. 

I think I can safely challenge denial when I affirm that 
no water-tube boiler but one composed principally of 
vertical water tubes can fulfil the conditions essential to 
proper circulation. 

It is of course possible to make such defective arrange- 
ments for steam circulation in such a boiler as will counter- 
act thoronghly all its advantages in other respects, and 
this was the case, as is admitted now on all hands, in the 
8.8. Propontis; but errors of detail in construction and 
accidents apart, such a construction is sound in principle 
and no other is. 

Your obedient servant, 
FREDERICK JOHN ROWAN. 
108, Wool Exchange, Coleman-street, E.C., April, 1877. 
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STONE-DRESSING MACHINERY. 
To Tue Eprror or ENGINEERING. 

S1r,—As bearing on a branch of practical tool develop- 
ment in which we are at the present moment labourers, 
and in which we claim to have introduced a valuable im- 

rovement, we naturally read with much interest, in your 
fast week’s issue, the article of your representative at the 
late Philadelphia Exhibition on the machines there exhibited 
for sawing and dressing stone. He discloses a great want, 
namely, of an efficient machine for dressing stone, and he 
lays bare the difficulty in the way of supplying that want 
when he says, ‘‘ What is wanting is a material from which 
tools can be made hard enough, strong enough, and it may 
be added, large enough to withstand the abrasion and 
enormous strain to which they muat be subjected.’’ Our in- 
vention meets this difficulty. It is not, however, the dis- 
covery of a new material, or of a novel method of employ- 
ing diamonds, but by a peculiar mode of using a material 
well known, ready to hand, and inexpensive. We can and 
do use ordinary steel w.th success, but we can do more and 
better than this, we can use chilled cast iron in dressing 
even hard granite. How is this? Not because we have 
altered the nature of the material, but because we give it 
by the velocity and consequent momentum of its action 
an immense advantage over the inert stone subjected to 
that action. Thus the resistanc® of the stone is overcome 
with but little stress on the tool or the machine, while the 
abrasion is so slight that no perceptible heat is engendered, 
and the wear of the tools is comparatively trifling. 

We believe, with your representative, that the difficulty 
now removed, stone-dressing will now become a common 

rocess, and that for the new class of machine which we 
ve originated employment will not be wanting. 
We are, Sir, yours respectfully, 
BRUNTON AND TRIER. 











SHAPING MACHINES. 
To Tus EpitTor oF ENGINEERING. 

Srr,—We notice in your impression of March 16th, a 
drawing and description of a .15 in. stroke shaping 
machine, exhibited by Messrs. Ferris and Miles, of 
Philadelpbia, in the recent Philadelphia Exhibition, and 
we were rather surprised to learn that so important 
a part of the machine, as attaching the feed motion 
to the travelling head instead of having it at the end 
of the bed, has only just been introduced by American tool 
makers. 

‘here are several other important reasons for having the 
traversing motions attached to the cutting head besides 
that of the workman never having to leave his place at 
the cutting head, provided the motions are suitably 

» which we notice in Messrs. Ferris and Miles’ 
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machine they are not. Byan arrangement of feed motion 
which we adopted some twenty years ago, and which 
has answered very well indeed, not only does each cutting 
head carry its own traversing motion, but any number of 
cutting heads can be placed on one bed, and all traversed 
independently by one screw. As shown in the annexed en- 
graving, the screw in the bed is stationary, and the nut 
upon it is oom Sage see to a pinion into which the 
wheel A gears. This wheel A is keyed on a stud at the 
other end of which the wheel B is secured, and it will be 
seen that this wheel is acted upon by a ratchet and pawl 
worked from a slotted crank disc on the main shaft of the 
machine; thus, at each stroke of the machine, the nut 
wheel, being tarned upon the stationary screw, moves the 
cutting head, and by reversing the catch it will feed in either 
direction. 

To traverse the head quickly by hand, the handwheel 
C is geared up to the nut on bed screw as shown, and by 
throwing out the catch and turning the handwheel the 
nut is caused to revolve on the stationary screw, and thus 
travel the head quickly. The gearing at the end of the 
bed is for the self-acting circular motion. 

We may add that we have turned out some hundreds of 
these machines of all sizes, some with beds 30 ft. long and 
three or four cutting heads on, and this feed motion has 
always answered admirably. We also apply a stop 
motion to each cutting head to throw it out of gear in- 
=—.. It is only fair to state that the motions we have 
described, or similar ones, are now applied by all the best 
makers of shaping machines in this country. 

Yours obediently, 
W. CoLuizerR AND Co. 

Greengate, Salford, Manchester, March 28, 1877. 








PERUVIAN SILVER.—The silver mines of Cerro de Paseo, 
in Peru, have, since their discovery, yielded silver to the 
estimated value of 100,000,0001. This great result was 
attained in spite of an imperfect system of working. Mr. 
H. Meiggs, an American railroad contractor, has pro- 
ot 0 a tunnel to drain the mines, and so restore their 
value. 





TRAMWAYs.—On Wednesday last there was issued the 
report of the Select Committee appointed “‘to consider 
how far and under what regulations the employment of 
steam or other mechanical power may be allowed upon 
tramways and public roads.’’ One of the strongest argu- 
ments (the Committee say) in favour of using mechanical 
power on tramways is the severe strain upon horses in draw- 
ing the ordinary tramcars. The London General Omnibus 
Company owns nearly 8000 horses, and, in addition to its 
own vehicles, supplies horse-power to some of the tram- 
ways. The horses are usually bought at about the age of 
five years, and the average life of a horse, after that time, 
if drawing an omnibus, is 44 years ; if ing a tramcar, 
four years only. It follows, then, that in the work of this 
company above 1600 to 1700 horses are broken down every 
year. Of these, 1000 are sent at once to the knacker’s 
yard, while the rest are sold at the hammer for what they 
will fetch, usually at any average price of 91. or 101. Com- 
mon humanity, therefore, loudly demands some other motive 





power than thatof horses. Economy appears to throw its 
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weight into the same scale, for the use of mechanical power 
will diminish the cost of traction. To show the extent of 
the omnibus} and tramway traffic in the metropolis and the 
importance of economy and efficiency, the Committee state 
that in 1876 the London General Omnibus Company alone 
carried 51,158,946 passengers, and the three metropolitan 
tramway companies took 48,000,000. Conflicting evidence 
has been given to the Committee concerning the effect of a 
steam car upon the ordinary street traffic, but they allude 
to the steam car which has been running for six or seven 
months over a length of three to four miles, from the 
Bastile to the Mont Parnasse Railway Station in Paris, 
ang about 6000 horses daily, and not a single person 
as been killed or maimed, though several accidents have 
occurred, and in one case an omnibus was overturned. The 
system of steam cars is still in its infancy, and the Com- 
mittee quote with approval a report by M. Rousselle, the 
engineer-in-chief of the city of Paris, upon the experiment 
there, that it is not conclusive, but deserves serious con- 
sideration, and meanwhile should be continued if the 
company desire to do so. Without pledging themselves as 
to what regulations or what legislative measures may be 
required at a future and perhaps at an early date, the Com- 
mittee are of opinion that the use of mechanical power on 
tramways should generally be permitted, and recommend 
that any Provisional Order or Private Bill granting the 
necessary powers should contain clauses to the followin 
effect: The machinery to be effectually protected an 
concealed from view. The ingress to and the egress from 
the accommodation in the passenger car to be safe, con- 
venient, clear of the machinery, and free from unpleasant 
noise, heat, or smell. Every engine to be, as far as possible, 
free from noise of machinery or of blast. The engine to be 
so constructed and worked as to avoid, as far as possible, 
the emission of smoke or noxious or unpleasant vapour. 
Two men to accompany each engine, unless by special dis- 
pensation from the Board of Trade. Brake power to be 
rovided sufficient to stop the engine and car in their own 
ength when travelling eight miles an hour. Every engine 
to carry a fender or some similar protection, and a bell or 
some sound of warning. Every engine to carry a number, 
by which it may be registered at the Board of Trade. Every 
engine to be inspected twice in each year by a competent 
engineer, and a report to be sent to the Board of Trade. 
The Board of Trade to have power to order a special in- 
spection at the costof the company. Engines not to travel 
over a public rcad at a greater speed than at the rate of 
eight miles an hour in towns, and twelve miles an hour in 
the country. These regulations to be subject to modifica- 
tion from time to time by the Board of Trade. Provisional 
orders and private Bills to be subject to the provisions of 
any general Act, existing or future. Power to the Board 
of Trade to license the trial of any particular engine on 
the tramways to which the provisional order or private 
Bill refers for any period not exceeding three months, 
anything contained in any Act notwithstanding. Penalties 
for infringing regulations. The Committee also recom- 
mend that a short Act of Parliament be introduced, en- 
abling the Board of Trade to grant permission to try such 
experiments on any tramway on the application or with 
the consent of the local or road authority for such limi 
periods, and under such regulations as the Board of Trade 


may impose, 
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THE MARIOTTI BAROMETER, 

An instrument for measuring the atmospheric pressure 
depending for its action on the elastic force of air, and 
called the Mariotti barometer, has been invented by 
Mr. Telford Macneill, and was patented by him in 1870, 
but has not hitherto attracted much attention. It con- 
sists of a glass tube open at each end to the atmosphere, 
the lower portion passing through a glass chamber closed 
at top to retain air, both tube and chamber dipping into 
a cistern containing mercury. The cistern has a flexible 
base and there is a perforated diaphragm dividing the 
cistern and chamber. The elasticity of the air con- 
fined in the chamber over the mercury, sustains a 
column of the mercury in the tube. Such is the instru- 
ment in action. In repose the mercury is wholly confined 
in the cistern. 

The diaphragm confines the volume of air, the elasti- 
city of which is to put the instrument in action. In 
taking an observation the mercury has to be lifted in the 
cistern by means of a thumb-screw at its base, until it 
just reaches the top of the small aperture in the diaphragm. 
The cistern containing the mercury is made of kid skin 
securely fastened to the lower end of the air chamber. 
A brass frame encloses the whole instrument, having the 
lifted screw fitted through its base, and front and back 
slits along the portion enclosing the tube to render it 
visible. Along the front slit is an engraved scale fitted 
with a vernier. 

The diaphragm is made of vulcanite and the air chamber 
is covered with that material for the purpose of insu- 
lating it from extraneous heat. The length of the 
instrument is about 15in. For convenience of carriage 
the cistern may be detached and carried separately, the 
mercury being confined in the cistern by a screw stopper 
or cock. 

In taking an observation the mercury is forced up 
until it shows itself above the aperture in the diaphragm 
and the top of its convex surface reaches a gauge mark 
or level situated a little above the surface of the dia- 
phragm. The purpose of the aperture and levelling 
mark isto produce the same capillary action as in the 
tube itself, and thus afford a zero point from which the 
column may be measured without the necessity of allow- 
ing for the effect of capillarity. 

When [the instrument is to be used, the cistern must 
be screwed on, the stop-cock opened, and the mercury 
gently forced by the lifting screw intothe chamber. This 
operation drives out the air through the open tube until 
the mercury reaches the lower end of the tube, the air 
remaining in the chamber is then cut off from the outside 
air. The mercury being farther forced into the chamber 
compresses the confined air, and its reaction causes the 
mercury to rise in the tube to a height corresponding to 
the elasticity of the air in the chamber. Thus for each 
reading the mercury must be withdrawn from the air 
chamber completely, so as to allow it to be filled with 
air at the actual atmospheric density, and the volume 
of such air is for every reading condensed to exactly the 
same extent. 

If the atmospheric pressure at the time of observation be 
represented by P and the air in the chamber be com- 
pressed from V tov, the mercury will rise in the tube, 
the instrument being vertical, to such a height H as will 
give the relation of pressure to volume in accordance with 
Boyle and Marriotte’s law, namely, V:v::p:P, or p 


=¥, then H=p—P; and as this relation is maintained 


for every value of P, it follows that p—P, or the height of 
the column, may be used as the exponent of the atmo- 
spheric pressure at the time, the change of volume, V to 
v, being always the same. When, therefore, the atmo- 
spheric pressure is 30 in. by a standard barometer, the 
heightH may be marked 30, and similarly for any other 
pressure, so that a scale may be formed and divided 
equally torepresent barometrical inches. Or the length 
of the column H may be measured in absolute inches, and 
compared with the height of a standard barometer so as 
to determine a ratio between the indications of the two 
instruments ; but then at every observation the height H 
must be multiplied by the constant factor of the instru- 
ment to obtain the atmospheric pressure. 

If V be taken as 1 and v%, then when P is 30in., p= 
30—§—45 in., and H=45—30=15 in., the absolute 
length of the column. The patent specification states 
for these conditions 10in., an evident mistake. If the air 
be compressed from 10 to 8, then, for the same value of 
P the column would measure 7} in. only; so that every 
} in. would have to be divided to tenths and hundredths 
to represent barometrical inches. If the compression of 
the air be effected to the extent of one-half the volume, 
the column H would be of the same length as the baro- 
metrical column, If the compression be carried still 
further, it is evident that an ed instead of a con- 
tracted scale would be obtained. The object of the in- 
vention, however, is to obtain a short portable barometer, 
and therefore a contracted scale is unavoidable. The 
instrument is intended merely to be more reliable than 
an aneroid, even if not so accurate to a close reading as 


a 4 

There is an effect due to heat of compression which is 
not taken into account, except by allowing time during 
the observation for the heat to be dissipated. In the 


is given to the air chamber, and no limit is assumed for 
compression, but each instrument has its scale determined 
by reference to a standard barometer; consequently they 
range in lengths, though 15 in. is the general size, and 
some are shorter. For a compression of 3 to 2, the in- 
crement of temperature is ,}, (see ENGINEERING, Vol. xviii., 
page 17). ; ; 

From comparisons which we have made with one of 
these instruments and a standard barometer the following 
errors were found : 


in. 
Maximun ... ae oe des alka +.07 
Minimun ... om —~ me a —.01 


from 22 observations. 
These show that after applying a correction of —.03 
the possible error of observation is within +.04. 


} 








The maker of the instrument is Mr. Casella, and he 
supplies the following instructions : 
he instrument should be suspended in the shade ina 
good light, and time should be given for it to take the 
temperature of the place before making an observation. 
Two readings should not be taken within a less interval 
than ten minutes, so as to allow any heat generated in 
the first observation to escape before taking another. 
The instrument should not be handled immediately before 
taking an observation, nor should the observer approach 
it from a fire, or;with hands and clothes of a tempera- 


extent affected, notwithstanding the insulating covering 
of the air chamber. When the instrument is hung up for 
observation, the we A should be opened, and the 
mercury raised by screw B uniil it nearly touches 
the bottom of the tube O, as seen through the lower slit 
or opening in the ebonite body. After an interval of a 
few minutes the instrument is ready for an observation, 
and the mercury should then be raised until it closes 
the bottom of the tube ©, after which the screw B may 
be turned until the mercury appears through the dia- 
P D in the form of a convex drop at E, the surface 
of which must be raised so as to be at its top coincident, 
with the top of the opening E which is the zero of the 


The stop-cock A is then to be closed, and the vernier 
set so that its lower edge shall be coincident with the 





actual construction of these instruments no definite size 


top of the convex surface of the mercury in the tube F. 





ture differing much from that of the instrument, other- | ? 
wise the volume of air just admitted might be to some | 4, 





The time occupied should be about one minute from the 
closing of the tube O until the vernier is set, after which 
the reading may be noted, and the usual corrections for 
index error and temperature made as in the standard 
barometer. 

The stop-cock A should then be opened and the mercury 
allowed to descend to a little below the’tube ©. The in- 
strument will then be ready for the next observation. 
The glass tube OC F being open at the top, the instrument 
should not be laid on its side until all the mere is 
lowered into the cistern and the stop-cock A closed, whem 
it may be placed in any position. 





THE FORCE OF GRAVITY. 

On Gravity or Magnitude of that Force by which this 
ware one og are eet or impelled towards 
each o > wi hetica' roposttions regardt 
~~ Velocity of the. Ether requisite to produce that 

lorce. 


To THE EDITOR OF ENGINEERING. 

Srr,— wing pod we much interest the articles on 

the peal prox in,poeg ivabiognatcael eine 
year in your valual , and having 

read a work on the “‘ Physics e Ether,” by S. Tolvern 

Preston, to which my. attention was drawn by a notice in 

ENGINEERING, I have made a few simple calculations on 

the same subject, which, with your permission, I shall be 

glad to lay before your numerous ers. 

In as far as gravity is considered as an impelling foree 
the theory advocated by your contributor does not essen- 
tially differ from that ied by Le » Who, as 
stated by Sir William Thomson in the Philosophical 
Magasine for May, 1878, ‘‘devoted the last sixty-three years 
of a life of eighty to the investigations of a mechanical 
theory of gravitation. 

In his first two books gravity is explai by the im- 
pulse of ultramundane 8, and upon this assump- 
tion it is easy to deduce the law of the inverse square 
the distance and the law of the proportionality bed ag 
to mass. Redeker, a German reremen is qu by Le 
Sage as “‘ having expounded a theory of gravity of the 
same general character.’’ In the saan ponte from which 
oe S31)" The bectnen yt we a te none 

: ** The co ry of gravity is no more 
dificult in allowance of its fundamental assumptions than 
the kinetic theory of gases as at present received ; and it 
is more complete, inasmuch as, from fundamental assump- 
tions ofan extremely simple character, it explains all the 
known phenomena of its subject, which cannot be said of 
the kinetic theory of gases so far as it has hitherto ad- 


vanced. 
In vol. ix., 36 (1855) of the Philosophical Maga- 
zine, Sir Willi Thomson has also said, ‘‘ That there 


must be a medium forming a continuous material com- 
munication throughout space is a fundamental assumption 
in the undulatory theory of light. Its existence is a fact 
that cannot be questioned; and the investigation of its 
properties in every possible way becomes an object of the 
greatest interest.’’ 

In vol. xvii. of the same magazine for Jan » 1859, 
page 22, Professor Challis says, ‘‘It is not a little sur- 
prising that an explanation of the correlation of the 
seen, Pheer nl should not have been sought for in the exist- 
ence of this medium which would seem to be a vast reser- 
voir of force sufficient to account for all observed 
effects.’’ A little farther on in the same lessor 
Challis continues: ‘‘It must, however, be itted that 
the great obstacle to this kind of research is the very im- 
> aed of the mathematical theory of the motion of 


In a paper on “‘ A Theory of Molecular Forces,’’ in the 
enemy Magazine, vol. xix., 88, 1860, Pro- 
fessor is again sa; Aten BMF may Ae 4 

lain differs from all that have Jed it in this 
hat it admits of no other kind of action than the pressure 
of a very elastic fluid medium (the ether), and no law of 
force which is not a mathematica? deduction from 
assumed dynamical property of the medium that its pressure 
is ional to its density.” 
same author in writing on ‘“‘ A Theory of the Force 
of Electricity” (Philosophical Magasine, vol. xx., 
280, 1860) further says, ‘‘ The principal hypothesis of 
theory is, that the physical forces are all 
a ean ae eee cores, he ca” te 
ium i os oreover, ‘0 us,” as 
Pas said, “that every » i 


of things is endowed 
with an occult — . i Cy which lit acts and pro- 
yy mtr te as bo been exprested by 
views e ve 
others, but those extracts afford suficiont evidence that 


uences of 
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sun were absent, while those atoms which are moving in an 
opposite direction from beyond our earth and towards the 
sun are similarly, but to a much less extent, also inter- 
cepted and do not strike the side of the sun which faces 
the earth with the same force as they would if the earth 
were absent. 

On the above assumption the pressure of the ether on 
that side of the earth which faces the sun will be less than 
it is on the opposite side. How much less? is the first 
question to be considered. 

Now, it is known that the mean density of the earth 
is about 5.66 times that of water, that it is about 7916 
miles diameter, and that it moves round the sun in an 
orbit which may, for our present p , be considered 
as a true pom 4 The ius of that orbit being about 
91,000,000 miles, the velocity of the earth making one 
revolution per annum will be 18.12 miles, or 95,665 ft. per 
second. 

Those are all the elements which are requisite to deter- 
mine accurately the force with which the earth is either 
impelled or attracted towards the sun. After making this 
computation, and having found the magnitude of this force 
in, say, terrestrial tons, it is only further necessary to 
divide those tons the number of square feet contained 
in a disc 7916 miles diameter, and the quotient will be the 
difference in tons Bd square foot of the ether pressure on 


the ew sides of our globe. 
us then sw a mass of one terrestrial ton to be 
moving with a velocity of 95,665 ft. per second round a 


centre in a radius of 91,000,000 miles. The centrifugal 
force, which is equal and opposite to the centripetal force, 
would with this mass be 
95,665" Line 
32.2 X 5280 x 91,000,000 ~ 1690.5 
A mass therefore which on the earth’s surface weighs or 
vitates towards the earth’s centre with a force of 
690.5 tons, also gravitates towards the sun, but with a 
force of only one ton. Or, say, while falling near the 
earth's surface the velocity of any mass increases at the 
rate of nearly 32.2 ft. per second ; whereas our earth, if at 
rest, would only begin to fall towards the sun with a 
velocity increasing at the rate of mai ft. per second. 
Then since 35.8 cubic feet of water weighs one ton, and 
the mean density of our globe is about 5.66 times that of 
water, the mean ay of the earth will be one ton to 
35.8—-5.66=6.33 cubic feet. 
Or, say, while 


6.33 x 1690.5=10,700 enbic feet, 
would at the earth’s surface weigh 1690.5 tons, the same 
mass would only gravitate to is the sun with a force of 
one ton. 

Now as a globe 7916 miles diameter contains 

.5236 x (5280 x 7916)*=38,230 x 10'* cubic feet, 
and as each mass of 10,700 cubic feet gravitates towards 
the orbit’s centre with a force of one ton, the total force 
with which the earth is attracted or impelled towards the 
sun when at a distance of 91,000,000 miles will be 
38,230 x 10'* +10,700=3578 x 10** tons. 

(This expression signifies that 15 ciphers are to be 
written after the figures 3573.) 

A flat circular disc of the diameter of our earth contains 
1872 x 10** — feet of surface, as 

. 7854 x (5280 x 7916)*—=1372 x 10'*. 
Hence, if a force of 357310'* tons was equally spread 
over that surface, that force would qervespend to a pressure 
of 3573 x 10'* +1872 x 10'*=2604 tons per square foot, or 
18.09 tons per square inch. 

Let us imagine a bar of iron (having in itself neither 
weight nor inertia) 7916 miles in diameter and 182 millions 
of miles in length. Then let us farther suppose a mass 
similar to that of our planet to be secured to each end of 
this imaginary bar, and those (couple of) masses to revolve 
round a common centre (in a radius of 91 millions of miles) 
with a velocity of 18.12 miles per second. Under such 
conditions I say that the tensile strain upon that 
bar would be 18.09 tons per square inch of cross-section. 

Now whatever may be the nature of that action by which 
our planet is restrained and compelled to move in an orbit 
round the sun, there can scarcely be any doubt of this fact, 
that the force by which it is so restrained is equivalent to 
a re of about 18 tons per square inch of surface 

constantly over that or side of the earth which 
faces into and away from the sun. 

At half the distance the sun this force would be 
quadrupled, and if our planet moved in a circular orbit of 
one-fourth the rier radius, the velocity in that orbit 
would be 4 4x 18.12=96.24 miles per second, when the 

vitating force would be increased from 18.09 to 4? x 
8.09=289 tons per square inch. 

Moreover, the velocity of a planet moving round the 


of a ton. 











sun in # constant radius of one million of miles would be | P 


18.12 x 4/91=178 miles per second, and at this distance 
our planet would be attracted or impelled towards the sun 


with a force of 18.09 91*=149,470 tons per square inch, 
which force in be further n to nearly 
600,000 tons if the jus were reduced to 500,000 miles. 


The theory advocated by your contributor therefore re- 
juires apparently an ether pressure Bn he excess of 
,000 tons per square inch, in place of 500 tons as he has 


su ited. 

IF however, we conceive Sa of - ether to » 
darting through our planet with an adequate velocity, an 
though meeting with com tively but little or Dawes 
through each cubic foot, those resistances when summed 
ns he withle Can of war planet may be suffi- 

to the gravitating force without neces- 


i towards the sun by the 
pervading medium, it must to some extent 


resisted by the same medium when moving round 
the stun with a velocity at 18.12 miles per frown Such 


resistance would not, however, as is well known, reduce 
the velocity, but would cause the planet to approach 
nearer to the sun, and move in a smaller orbit with an ac- 
celerated velocity. 

A mass moving in an orbit round a centre cannot possibly 
be drawn nearer to that centre by a force which increases 
only as the inverse square of the distance, unless the 
motion of the mass be to some small extent impeded by 
external matter. 

When so impeded half of that work which is expended in 
drawing the y slowly towards the centre, operates in 
accelerating not only the angular but also the linear 
velocity of the mass, and the other half in repelling the 
external resisting medium. 

Now it has been shown that the earth is impelled or 
gravitates towards the sun with a force of about 3573 x 10'5 
terrestrial tons. Hence, if our planet approached the sun 
at the rate of one foot per annum the work done by that force 
acting through one foot would be 3573 x 10'* foot-tons per 
annum. Dividing half of this work by the circumference 
of the earth’s orbit in feet, the quotient will be the force in 
tons with which the earth must be constantly impeded by 
the ether, provided it is approaching the sun at the rate 
of 1 ft. per annum. 

The radius of a circle being 91,000,000 miles, the circum- 
ference is 3019 x 10° ft., and a force of (8573 x 10°~+2)— 
17,865 x 10"* tons, acting through one foot is equivalent toa 


force of 
17,865 x 103019 x 10°=590,600 tons* 
acting through the circumference of the earth’s orbit. 

If, then, the earth while moving round the sun and 
through the ether with a velocity of 18.12 miles per second 
is resisted by that medium with a constant force of 590,600 
tons, this impediment will cause the earth to approach the 
sun at the rate of one foot per annum. 

In approaching the sun at this rate the length of our 

ear would be shortened by one second of time after the 
Ta se of 10,150 years. 

Tn reducing the radius by 10,150 ft., the circumference 
would be reduced by about 12 miles, and in this smaller 
orbit our planet would move at an increased speed of 
about 6 miles per annum. This greater speed, combined 
with 12 miles shorter annual journey, corresponds to the 
distance (18 miles) which the earth moves in one second of 
time. 

Assuming one foot per annum to be the rate of approach 
which conforms to a constant resistance of 590,600 tons when 
the velocity is 18.12 miles per second, what would be the 
velocity through the ether, or of the ether through or past 
our planet requisite to generate a resistance or force cor- 
responding to that with which the earth is impelled towards 
the sun ? 

The resistance or force being 
of the speed, it is manifest t 
would be 


18.12 x 4/ S73 X10" = 44,555,000 miles per second. 


A resisting force of 590,600 tons, when distributed over 
a flat disc 7916 miles in diameter, co s to ~},th part 
of a grain acting on each square foot of surface, while the 
force with which the earth is impelled towards the sun 
(3573 x 10'* tons) corresponds to a pressure of 2604 tons, 
or 4083 x10’ grains per square foot of surface. 

A resistance of one grain per square foot of surface 
would cause the earth to approach the sun at the rate of 
148 ft. per annum, and this rate of cugreeeh would reduce 
the length of our year by one second of time in about 
10,150+148=68} years. 

If then each square foot of area in the earth’s disc 
is resisted by one grain when moving through the medium 
with a s of 18.12 miles per second, the velocity 
medium requisite to produce a force of 4083x10 
per square foot would be 

18.12 »/ (4088 x 107 )—=3,661,000 miles per second. 

But at the distance the earth would gravitate 
towards the sun with a quadruple force, to produce which 
force the ether would require to move with a double velo- 
city, and a one hundred-fold velocity would be required to 
generate the force with which the earth would gravitate 
towards the sun, if at one-hundredth of its present distance 


from the sun. 
Although we have no a a measure of time, 
astronomers will scarcely be willing to admit that our 
present year may be one second of time shorter.than it was 
about the beginning of the present century, and if it is not, 
the velocity of the ether requisite to produce the gravitating 
force must be correspondingly ares R ; 
However inappreciable or undefinable the density of the 
medium, we can assign no limit to the velocity with which 
that medium may move or oscillate in directions 
throughout endless space ; and although the elasticity or 
ressure may or may not be millions of tons per 
inch, it is impossible to conceive of masses, when millions 
of miles apart, to be either attracted or impelled towards 
each other if floating in a calm and surgeless ocean. 


J.B. 
Glasgow, April 4, 1877. 


poate to the square 
t the requisite velocity 


of the 
grains 








Belgiam a r 
months of 1875, 
; in 1876, 603,000 tons ; 
1877, only 409,000 tons. 


Beteran Coat.—Exports of coal from 
to be still declining. Thus in thé first two 
Belgium sent abroad 561,000 tons 
and in the first two months of 
The exports of coke from ium also declined from 
96,000 tons in the first two of 1875 to 92,000 tons 
in the first two months of 1876, and 82,000 tons in the first 
two months of 1877. 








* A force of 590,600 
tance of 3019 x 10° ft. 


lent to one year’s 
engines of 2500 horse power 


tons acting through a lineal dis- 

(or 17,865 x 10" foot-tons) is equiva- 

= ten millions of steam 
each. 





THE ESTIMATION OF MANGANESE. 
On the Estimation of Manganese in Spiegeleisen, and 
of Manganese and Iron in mer yg! fron Ores. * 
By Mr. P sten iyo, F. aa London. 

4; 
THERE is another method that ‘has set proposed for 


e manganese in spiegeleisen, one that would 
naturally suggest itself to an: chemist. Mr. Parry (Che- 
mical News, vol. 29, 86), proposes one modifea tion, 


Mr. Galbraith (Chemical News, vol. 33, page 47) another. 

Some time before either of these processes were published I 
had tried the latter method, and found it was not satis. 
factory. The methods depend on the estimation of the 
excess of oxygen, either in the oxide Mn, O; or Mn ,O, over 
and above the protoxide MnO. The question is, can you 
obtain absolutely and certainly either of the above-mentioned 
oxides. My experience is, you cannot without consider- 
able difficulty amd trouble. 

The method proposed is to dissolve the spiegeleisen in 
dilute nitric acid, and evaporate the solution to dryness in 
a flask, then to heat it to redness; this operation is a 
troublesome one, and my experience is, that it is difficult 
to expel thoroughly the last traces of nitric acid. 

The oxide of manganese assumed to be Mny O, (this I 
think rather doubtful) is then treated in the ordi way 
with oxalate of soda and sulphuric acid, and the carbonic 
acid formed determined volumetrically or by weighing. 

In the second method, the oxygen is determined by adding 
a known weight of iron wire dissolved in acid; a certain 
amount of this is oxidised, and that which is left unoxi- 
dised is determined by a standard solution of bichromate of 
potash. Results are given by Mr. Parry and Mr. Galbraith 
that certainly correspond, and I think with very great care 
corresponding results may be obtained ; still I have found 
in pramne the determination of the oxygen is not a desir- 
able method. 

I have made a series of careful experiments on the 
determination of manganese in pure es of manganese; 
my object was partly to show how perfect and satisfactory 
the ene Pree by bromine and ammonia is, and secondly, 
to see what errors may occur from insufficiently igniting 
the peroxide of manganese, and to prove that the definite 
oxide Mn, O, can be obtained with care, and to show, so 
far as our information goes at present, it is the only reliable 
method we pero Tad ‘ee <4 de - ini ese. inns 

Pure crystalli sulphate manganese was finely 
pulverised and dried for some hours at 212 deg. Fahr. (no 
very special precautions were taken to see that every 
particle of the four atoms of water were ied, as I only 
wished to make; comparative experiments); the results 
however all very closely coincide with the theoretical per- 
centage, being as a rule slightly lower. If perfectly pure 
and dry Mn SO, H,O were used, the percentage of man- 
ganese should be 32.54 per cent. 

After heating the Mn,O, in a muffle and weighing, the 
percentage of manganese was de i by estimating 
the extra atom of oxygen in the Mn,O, over and above 
MnO Mn,0,=3 Mn OF. 

ie haaper | over the Table it will be seen that taking the 
number of determinations, eleven in all, made on very dif- 
ferent quantities of the salt, and made by three my 
assistants, there is only one result that is at all low, 31.77 


cent. 

In all these experiments the manganese was always 
thrown down most satisfactorily, and only in one or two 
cases on evaporating down the filtrate was even a trace of 
mangas found in it, the trace was so minute as not to be 
weighable. (See Table A.) ; 

It will be seen that in some cases there was an appreci- 
able loss in igniting the Mn, 0, in a muffle; I think 
occasionally errors are made from this cause, the oxide of 
manganese should be strongly heated either in a muffle or 
over the Momaipe. i. 

On looking over the table of results by determining the 
oxygen it will be seen that they are not at all satisfactory, 
although every care was used, some of the results obtained 
varied even more than those given ; this is due to the fact 
that any very small error in the determination of the 
oxygen becomes a very large one on calculating out the 
percentage of manganese. rh 

Some assert that oxide of manganese cannot be precipi- 
tated completely by bromine and ammonia when am- 

i salts are’ present—Fresenius amongst others. 
This is altogether a f: , ammoniacal salts even in some 
quantity have no effect whatever in es the precipi- 
tation of manganese. I have proved this by destroying all 
the ammonia salts with fuming nitric acid, and I did not 
find a trace of manganese. Moreover a most extensive ex- 
— in practically estimating manganese in many 

undreds of samples—I may say thousands—fully corro- 
borates this fact. Occasionally liquor ammonia contains 
tarry matter, when this has been used I find a little of the 


manganese is retained in solution. 
Manganese ioe at Die 
Sulphate of Manganese, a Bi 
Mn So,H,0 powdered ——_ y the Oxidation 
and dried at 212° Fahr. oq of Iron by extra 
quantity (in grains) of Mn atom of Oxygen 
taken. 0, in Mn,0, 
22.286 32.51 80.21 
20.430 31.77 31.51 
19.615 32. 32.76 
19.335 32.12 31.57 
17.680 31,98 31.34 
15.895 32.00 31.37 
15.628 32.29 31.53 
15.230 32.73 27.96 
13.590 82.36 _ 
12.830 31.96 31.31 
9.680 32.34 — 





* Paper read before the Iron and Steel Institute, March, 
1877. 
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ANALYSES OF SPIEGELEISEN CINDERS. 






























































































































































— Z. 2. 3. 4, 5. 
Silica ... - 28.82 30.24 $2.22 28.70 27.50 
Alumina os 8.35 11.70 10.95 10.25 8.60 
Protoxide i iron a ot .78 45 .80 .38 .49 
Protoxide manganese 27.29 14.74 15.53 21.23 24.13 
Baryta 2.84 3.05 2.31 2.21 1.87 
Lime ... 25.76 33.96 32.10 31.29 29.62 
Magnesia 2.85 = — = 3.00 
Potash yy Cas 60) ca 46 Cas 43) CaS 17 O28 
x 153f 276 13} 2.46 1a} 229 rs} 3.01 2.01) 4 51 
Titanic acid traces traces traces traces traces 
100.36 100.33 100.14 100.06 99.72 
TABLE A. 
Sulphate of 
Manganese 3 36 
ns and Weights (in Grains) of Peroxide of Manganese obtained. < & 8 E 
ofa8 abr. 4 g | PL = 
(Mn SO,H,0). S nts 
pal tg 
(i one) Bunsen, Bunsen, Bunsen, Bunsen, Mnuffle, a ae: fs 
mn cken, |15 Minutes. | 35 Minutes. | 65 Minutes. | 95 Minutes. | 1 Hour. |(Gostant.) 3 P 8 
19.615 8.770 8.770 8.795 8.795 * 8.780 (constant) + ,025| 32.25; +.090 
19.335 8.662 8.662 8.662 8.662 -000 | 82.12 -000 
25 minutes 
17.67 8.085 8.085 7.895 é —.190| 32.19; —.770 
15.545 7.120 7.120 s ws 7.020 * —.100 | 32.53} —.46 
13a {] Sminutos |25 pinmtos | 45 mizates | (coniant) constant) lcontass) |} +00 90.98 | +.100 
20.43 9.075 20 ; , ois 9.010 |” —.065/ 31.77) —.230 
17.68 7.885 eee .850 —.035 | 31.98; —.150 
15.895 7.105 eco 7.060 —.045 | 32.00; —200 
13.59 6.130 od 6.105 —.025 | 32.36 —.140 
12.83 5.720 ese 5.680 —.040 | 31.96 | —.160 
9.68 4.385 re 4.345 —.040 | 32.34 | . -—-.290 
TABLE B.—ANALYsEs OF MANGANIFEROUS IRON ORES. 
Zp :° 
2.¢ BS 5 
PORTUGUESE, SE) Carruagena. B RUSSIAN. = 
e : 
oneion r=] a b 
a z 6 
1, | 2. | 3. & | &. 5. 6. 7. 8 9, 10. | 11. | 12. |] 18 | 14 | 28, 
Silica ... ..| 8,25] 3.70] 815 4.25| 3.88 | 14.90] 6.22] 6.99] 7.97] 10.60) 150) 2.40) 3, 5.90] 1,52 
Alumina | 4.23| 8.95| 4.75 3.65} 4.05 | 688} 11] 93) 1.14] 3.58] 2.44) 2.92] trace| 2.08] 1.25 
Iron peroxide _...| 22.75| 23.47| 45.55 | 23.65| 23.49 | 12.81| 45.54] 36.74] 39.97| 35.91] 43| 357] 418| 51.12] 42.78 
@ peroxide] 50.70) 47.15) 30.88 | 51.73| 51.73 | 31.77] 29.62| 33.81| 35.80] 7,02] 65.21| 71.46] 86.20] 30.51] 23.57 
” protoxide| 3,64) 5.14, .. 4.28; 3,81 | 13.24] 4.75] 4.66| 4.26] 30.42) 826) 121] 2.82] 2.56] 2.97 
Lime carbonate ial ra ae? ad on 3.00) ... 1.00 
Lime sulphate cen er’ a wee |. 868 "30 4.30) a 57 | trace} 4.00) .., eee | 19.84 
Magne ‘| trace| trace| trace |trace| trace | .70] 41 vit] 21] 49 trees bl |traces| 40} .56 
Baryta carbonate a 189 109 "34 “68 “68 il ” on "59 “4 Aad eee aoe oe 1.09 
Baryta sulphate ‘en eee eee one eso eco oon se oe +90 34 
Carbonic acid een aie on a “a os w. | 842 /traces}| ... 59 
Phosphoric acid 47 93 55 1,45 1.45 2.30 +22 04 18 33 76 18 6i lw 14 
Nickel and cobalt ...| ... " oes one eco oes one eee fers aid 67) 1,10 
Sulphuricacid =.) .. |. se “ ee OPE a A 04 
not not not 
Potash and soda ...) 320| 3.20) 2 deter- |deter- acter. } 3.94]... pe oe wo peo 47. 
mined /mined mined 
Combined water ...) 4.05| 5.94] 6.79 5.72; 6548 | 487] 6.16] 819] 8.90] 9.73] 4.27|| 7.66] 2.15| 6,08] 3.99 
po bes “9 116} 191 1.58} 1.58 | 381 a0 woe] ag 1.20] 1.52) 4.96] 102] 197] 145] 253 
eee oso ou ese oe | eco eee d d d cos oo eve eco eve eve AZ 
100.85 |100.73| 98.92 ano 96.15 |100.00 | 100,92 |101.42 |100,63 |100.22 |100.86 |100.01 | 99.53 |100.62| 99.49|  — 
Iron percent. —..| 15.93, 16.43| 81.89 | 16.56| 16.54 | 897| 91.88| 25.72| 27.98| 2514| .30| 249| 292| 35.78) 90.61! 91.10 
ese per cent] 34.87) 34.93| 19.59 96.01 35.65 | 30,33] 22.40] 24.98] 25.98] 21.90] 47,62 | 46.11| 56.29] 21.27]' 17.20} 19.80 
) « I. I IV. 
Three cargoes of ore, in which zinc was specially determined, gave zinc oxide per cent. 68 64 2.10 
pongeniferpus Iron Ores. ~—On looking over the Table | rule, to determine the i i arately, and see that 
< analyses of manganiferous iron ores given below, it will they come up to about 100, not as often the case, the 
seen that; their composition is complex, and that they | 100 is made up with water, phe matter, loss, 40... By 


contain count not os found in ordinary iron ores. 


thod has been adopted for deter- 
in these ores, as in spiegeleisen ; 
several of the impurities 
ore, which are precipitated with the oxide 
and very materially affect the 
First, I would point out the 


(See Tab 


ona the same me 
mining the manganese 
there are, however, 


its absence. 
t in the 


accuracy of the some 


curious fact that, as a rule, 


ores to think that 
oxide of manganese 


had f 





I mention this point particularly, 
ish T wes Badhtend. fonms tho ooenpest 4 
bably, from the great 

for baryta, tha baryta might be 
manganese as 


my method, © the peta was discovered, whereas these 
were analysed by another chemist ; they all came, or rather 
were made up, z 100, and the potash was conspicuous by 


as 1 propose showing | which 


ity that 


It has been usual amongst chemists to use acetais of 
soda and neutralise by carbonate of soda in the analysis of 
manganiferous iron ores. Why fixed salts should be used, 
when volatile ammoniacal salts answer even better, I cannot 
understand, unless they took for ted the state- 
ment before referred to by Fresenius t the eh 
salts prevented the precipitation of the mangan 

About ten months since, Mr. John Pattinson, of New- 
castle, wrote to me, inquiring whether I was aware of the 
fact that the manganese, as ordinarily determined, when 
acetate of soda was used to precipi 
a very appreciable amount of zinc. 
was pointed out by Mr. Allen, of Snefield ase cenit ie 
reply, stating that Idid not use (nor had I used for some 
Velie ears) acetate of soda but acetate of ammonia, and I 

ieved my oxide of manganese was free from oh of 
zinc, but I would investigate the mae and mate 
tively on the point. The ammoniacal salts in my 
wo meee the dairy tig ra \ ws snc ry 
e oxide of manganese o 
tained in aoe ie ses for oxide.of zinc, in vnekon = 
sam) cargoes ores. cases 
found ¢ that I never eshoiaam te than .05 of a grain of im- 
| ower with my manganese. The method adopted | yee 
ve the oxide of manganese in hydrochloric acid 
acetate of ammonia in excess, and pass salpberetied ke Sng 
drogen through the liquid. If any insoluble residue 
—s on ne in hydrochloric. acid, this was filtered 
0 wei 

I found hee small precipitate by sulphuretted hydrogen to 
consist of oxide of cop iron, dccasionally oxide 
of lead, and a very minute trace of oxide of gine, so small 
in most cases that it was im e to recognise it as zinc. 

I communicated the results of my experiments to Mr. 
Pattinson. He wrote, in reply, — that he had tried 
the use of acetate of ammonia, und that the oxide of 
ese obtained, when this reagent was used, to be 

Senden oxide of zinc. 

pes 7 was anxious to determine the cause’ of the precipitation 
of oxide of zinc with the manganese, and made some ex- 
sme] on the action of bromine on acetate of soda. 

I found nearly all samples of areas or 80- 
called acetate of soda, were alkaline ; 
neutral acetate of soda with bromine, the polation became 
a from the formation of carbonate of soda, and, 
moreover, about this time, M. Méhay. (Compt. Rend. 
UXXxi., potty! t published a ‘Paper ‘On the Oxidation 
of Acetic Acid in the Cold, in Steal or slightly 
aisioy ling, containing Nitrates and Phosphates Potassium 


(To be continued.) . 


FOREIGN-AND COLONIAL NOTES. 
pained Company the Fonepeoes, —The Cincinnati Southern 
& C0) for a bridge 
over the Km a to ok e, and Co., of 
Phi hia. The amount of the contract is 117,000 dols. 
The will be of iron, of the Whipple truss pattern ; 
it will he 1804 ft. in length. 


Western Australia.—Good has been made with 
the tion of the country in Western 
Australia. If that colony is ee 
piuahen 6 ae history and to occupied by a 
ae pepplation, § vabeat of the ae which is now 


one in ion for a’ onometrical survey of 
the ast be over-es sathanted - 


Belgian oar —The quantity of sold in mber, 
Gotston, November, and Dece Decomber, 1876, and January, 
1877, amounted tof S44, 496,987 English cubic feet, as com- 





pared with rm wy Fy lish cubic feet in the corre- 

period o @ company carries on opera- 
tons , Rimini, Catana, St. Omer, and a number 
of of Belgian to wos. 


Turkish Armaments.—The British steamer J. B. 
Walker, Ca) —_ tain Duncombe, has arrived in the senor 
from New Haven, United States, with a 
arms and munitions of war for the Turkish scons, wh id 
has = ne leo —s nak os ES 

cargo forms of an e 
kish Government to the Providence. T 

Rhode Island. as venuee ae 170,0001. COON mee an pre 
sists of 33,400 Henry ‘rifles; 4,700 
Hear} tetlis carteldges, with the same’ es na 

“them, and eyo cartridges. ‘The 
the arrival from Li i 


pee ere of the Si and Warren pattern. 
with a self- mechanism which 
Teatantly expe 


Sens cell that bape te 


same cartridges as the Winc' 
which the Turkish cavalry is at present armed 


Miagera Suspension Bridge.—This re ae, which has 

done duty tori toettr tive years, now be in such 

a en ger ition as to thar  gtecte thorough examination and repair, 

fide in amount to reconstruction. The span of this this 
1 ft., and its sustaining capacity has been esti- 

eee at 12, 000 tons. 





nearly ‘all erous ores contain f | found Rolling Stock on the Union Pacific.—The Paci of 
on Tee oft the Carthagona ores, contain oxi ide of inthe pulses of these ors This has been proved $0 be ~ pes + Pacific ptf om pres Fo 
’ point out the that in numero fact. On the same splat ino pete 
instances potash-is present in a very marked quantity in | it | tis anit quite ble that oxide of resoning, T hold that | ® butt} rath nt is 0 ficially reported to be ab present in 
Takes the "Pe ve intone ‘ene eh he hoes take in Op $6. poteeh whee salle ponanes good condi in a om 
in analysis—nay, us actually mentions fact we ion Pacific.— @ course of year, 
facie fe same sample), it was found, after anal; page . ay edition by Vacher. He says : the Union Pacific Railr Company produced 771 tons 
a The analea came up to between 97 and 9 .. It is impossible to convert the precipitated peroxide} of coal from its mines at an average cost of 1.42 dols. 
another opera: ie On tire vite Se comme veenls into pr ui-oxide directly by ignition, as the resi per ton. In 1875 the extraction amounted to 208,222 tons, 
itwas found that theese investigating the So obtained is fnll of alkali, and cannot be purified by Sa ns The ‘decrease of 
over 3 per cent. of potash ang sada, 2) contained ‘rather washing.” pipe ee 46 conte ‘per ptew te Sean aoe perce Pmt 
Irrespective shall show. other 
I may observe here the advisability in all analyses, as « reasons for not using any fixed alkaline salts. oont peers : —— 
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METALS. 


ANTIMONY ORE ton)— 
Regulus | parm 





PIPES . .ccccccccccccoccccccssecee 
@orrsr (per ton)— 
=  cccccovenccocescoeces 


eeeeeees 
” Pr rr 


eee ceereeees 


G.m.b. Ss dibegow 
m.b., cocceeees 
Gartaherrie 


oes reereereeoes ces 














(The above all all deiivera fe 


fh IFO 200 .coscoscevcecee 
North Staffordshire 
South 
Yorkshire Thorna 
Ridsdale Nos, 1 


eeecee 


laon, WroveatT— 
+ DAES svecsesseeee 
ne boiler plates.., 
rails 


weeteereeees 


2 ship plates....., 


” BROCE... 00000008 








passrasn Snouss— 


(per ton 
quickeraves & (por b 
Scar ( 

Oi ral tor ls for tome 


Old stecl sar BOTRDsvencoseeeceoee 
Ses.rea (per 7 
Silesian, ordinary . 


seeeeeeee 


double shear . ai 

eet eee oe 

Bégiiah or erring eanccceesess 

=~ 2 a 
= billets |. 





8. 
98 
63 


ests Mo OoeS cousnonwoar 8 HS 


~e 


3 ma 


we tra B8SSES 


al 


i ee eo8eerc0 cont ecooeoteog oo ecoPessco 


° 


co” ccooo™ 


- 
Couwooceoocoeucd 


CE AGG He aw DuKMaao 


—— 
OA COGBM SOTO ADR00R0 Coseme0e009 


aw Peot 


Soar 


coPoocecno 


a 
ouoeno® ooeoecon 


“™ me oe 
eowococceoces 


PRICH LIST OF MATERIALS. 














TiIN—Continued, sa 4, a 
English DArS......000000n 75 @ 0 © 
English refined..,,.....0.0000 FF o 678 © 
Australi 10 69 © 

Tin PLATES (per box)-- 
fe O, CRArCOl crevecrserseree 32 0 23 © 

re a ia) kd 
Lo ©. 00K@ Sscscssscoe 19 0 20 © 
90 eenenerceccecccscorcs 34 @ 26068 

ZINC (per ton) — £ 8 z£ 8 
Sheets, English ..... wr’ ae | 34 10 

Wiag, Fencing . 1o 15 14 «15S 

» Telegraph (galvan'sd) 16 10 20 10 
COALS AND COKE. 

OOALS (per ton)— sa 4 a. 4a, 
BArrow ccesssccesssssssssseeees TO © 2 6 
Bristol scecsscrmsssrereseronse 9 9 10 6 
Derbys cscccecssceeccecs 8 @ 10 6 
Lancashire . ee ee mz 0 
Newoastle andDurham... 8 o 12 6 

7° m 6 
8 @ mz 0 
9 0° Iz 0 
8 °@ 10 66 





OlOVElEDA srececsssessrserveree 9 O If © 
Durh 20 «(Ce 33 «© 


OILS, GREASE, & LUBRICATORS 















OILS (DOr CAM) ...,.0-sercereeres . ££ & 
10 $3 oO 
wm ° 3 0 
8 2 = 
hale, pale... 19 $3 °° 
re o 32 10 
” 10 a9 10 
GREE csnicsremcncnee 96 © 8 © 
PsTsoLeum— aod 6s @&@ 
Fine (per gallon) crocs 8 BIG F @ 
. GBEEM... ..ccccccsscomne 8 9 © 
ITOH r owt)— 
British .. eesccecescceccosene SS @ 8 6 
i . 12 © 1a 66 
LUMBAGO a owt. 
Ceylon lump —— 10 6 18 0 
8 6 9 6 
7 6 » © 
an) eo 6° 
eee erereeoneeee 5 ° e 
TALLOW (per cwt.) 
N. AMECTICAD crscccseeseeeee 38 39 
S&. American beef ......... 42 43 
sheep... 4“ eo 





Australian beet ....cccss«: 38 
shee 


eeccscss | 40 
St. st. Hotorsbarg, — a | 





©pSSCCCOSO «© 
a. 
<4 


eee 3 
h, ove 12 17 
7 Hong Haein (perbarl.) 19 20 
Arch a1 00 





TURPENTINE—S; 
American ( 


WIPINGS, engine = 
CHEMICALS, &c. 
ACIps— a 


sal usfortis (per Ib.) 

8 Sipberte acid _ Ib.) 

uric acid, brown .., 

Pra — Muriate (per 
ton)... 





eo 

oS 

= 8 

om oocowoocooo 


> 
-* 


oF oo 


ARSENIO— 
White, lump (per ewt,) ... 
Powdered (percwt.) .., 


BLEACHING powder percwt. 
Borax—refined (per cwt.) 
BRIMSTONE — ton)— 
Rough . - 


BooBe BP coo? 


° oSSFooooP oF guun 


- 
CG oh 


° ReCoPance 





ton)— 
— a ‘Saiphate” ‘gor 


aeereecenseecee §=32 


WEL) seneeee 


Laan aS ac, canes 
cotate, best 


— ” 





~ 
ecovce 
eoceo 


hite 
CcPuapges (per owt). ccececses 
PotasH—Bichromate (per 
TD.) sceseeee ececcoeee: ae | 
SALTPSTRE ton.) 


kegs ... 22 
——— 


secccceescecesseesss § OO 


> 
a 
+ 
~”_ 


. 
wn 
~ecceo 





a 
= 


~ cemce 86 








£nda £ 8 4, 
Norway battens,allsorts 6 °° 9 09 @ 
Swedish deals mixed wtf 0 © 8 0 0 
Sere Sate O88 ame wee 33 9 O89 1§ 0 
cue Sam, inferior 
ll cmontee 82 © C 8 OC O 
(Battens dds. 
deals) 
Finland deals Ist ....0.«0. 12 0 09 1§ 9 0 
” battens ....00.0. 19109 0 13 9 @ 
pat H.S.deals .. 8 002 9° 0 
H.8.battens... 710 0 810 © 
Ammnican DEALS— 
a - «19 0 @ 35 10 © 
eee ‘. 4 isis 0 
19010 @ 


o” = 
Floated = 40s., 20s., “and: 10s., less for lst, 


and 3rd, "respectively. 
Gussiaaen a wee 10 § 


” ” ose 
Brd 

New Brunswick spruce.. - 
Ditto Dattens ..0.00....00008 
N.8. & P. E, Isle sprace 
U. 8. pitch 


OP reereese « 


: 7 

$ 
4 ° 
7 10 
7 10 
12 10 


AMERICAN TIMBER— wo ioad) 
(mixed and 


a ding) .. 

Do. for yards ‘and ‘spare 
Yellow pine, large ......+ 
Ditto waney board 





Riga a 

Dantzic and: Memelcrown 
» Ast middling..,.., 
» good, mid 


and 2nd.....0.0. 
n» common amid. 





DALES ves cesessperessetensoes 
see 3 x - _— (per aq. 
First yllow, seb eee reeeeeeeenes 


acsend @ sees 






Ccucanosed 


= S33 DeM CBW RUDY 
. 
coo 
eeseceooof ooo goo 8 


e wveaw ow 
~ 
° 


seen 
° 





ecco C80 


eo Oh CMmeaMaw se mune 


ee + 42ue wo 


ween 


The above Pee “at “ihe Docks.” 


LIVERPOOL. 
WHOLESALE Prices OF TIMBER, DEALS, &0. 
From British NoRTs AMERICA. 


Pins TimpeR (per cubic 
foot string measure) 
Quebec yellow square ,,, 

Waney board , 
St. John’s, N. B., 18 in... 
| and’ British 








retin! 


pine (calliper)........+.+ 
DEALS AND BATTENS (per 
Petersburg standard) 


e spruce 


seeseeceeees 


£8 
eo. 
2 
2 


se ee 


oO 
on od 


8 
7 
7 
7 
7 


- 
ouon~ 


wrap 


ecco Oo mw Cee ousvan ae 


eeoooe 


£ 
° 
° 
° 


ecoce°o co 


15 


1§ 


wren moe 


“> 


ke 


> - 
“ouwnmo woo 


eocooc0o 


oom 


eco aos & 


” 
o + ©NO ocoweco~ 


Faou Tax Unrrep States, East Anp Wsst 
INDIES, AND AFRICA. 


(Per cubic foot, string 

measure) 2s. 
Pitch pian bows. cee @ 8 
od BOW cceceececee @ FT 
United States oak logs... © 2 

Per load measure) 
{acs indian teak (per 1d.) ue 
Cs ns 5 
Demerare Morrs............ 5 
P 


eece ete? 





Tuurspay, ApRit 19, 1877. 
£a4a £ 4 




























From THE BALTIC, £0. 
gus ft. string measure) 
Fir timber, red ., oes 88 
Fir timber, — and 
Memel cro or6 et 
} ne" ditto, Nomar’ kinds o 1 e @8 
creccereccsersssesseecse OF LT 2 DO J 
Se dish e108 oF 
MOCWAY .cccoccccrssecorsecicrrs ©: 010 @ 3B 
Wainscot (Logs calliper 
measure) 
Riga, &C., CTOWD....000.. © 6 3 © 6 
Ditto Drack ..ecercsrsoreeree © § 9. O § 
Oak timber, Dani 
(string measure) ..... © 2 3 O&O 3 
Pit props per lineal yard o o ag ©o o 
DEALS, &c.— 
(Per Petersburg standard) 
Redwood, Archangel, and 
em 0 
° is § 
° 13 0° 
° 18 0 
om 0 
o. 13 § 
o 12 § 
pa Gothenburg ... - IL 10 © 14 10 
e Gefle and Stock- 
DOL ...rorccoseesceseeee ewe 13 09 0 16 © 
MAHOGANY, &c. (per foot 1 in.) 
> ~ A patarenenin wcccsces © © MO 8 
CUDe cevrecccorecseveee ww. © © OF 0 O 
Sadicu srecccrooe seve: ©o5 98 Oo 
Uedar, Havana, &. oo 4400 
Sleepers, Hackmatack, “each 
9x10x5 @#e6 04 
" e ” @ 6. 0.@ 8 
hae Hemlock ,, o2 3 032 
a FEE cccccecccccccccsce © § © O § 
HULL, 
(Per load). 
Memel crown firtimber ... 4 7 6 410 
3 5 @ g10 
Riga and Dantzic ist 45° 410 
” ” $$ @ 30 
Swedish 210 0 30 
» Small 276 #3210 
timber..... 22320 26 
(Per cubic 
Quebec elm.... 02328 03 
n © 110 © 32 
pas ash .... 6.2 © 6 
St. John’s birch , o1r6o1 
Pitch pine, hewn 3S a 
” » Sawn . 8g eo. 
te Petersburg stan: . 
tArch, and Onegared... 20 0 © o 0 
° nega 0 19 © © 19 10 
white ., 11 10 © 1210 
Wyburg a eoaee eo @ 15 lo 
Quebec lst pine . °@ 25 10 
os 2nd ,, o 16 0 
2 ° ou. 
4th o 810 
Gefie and Soderham mixed 16 0 0 19 Oo 
Baltic 1st red flooring bds. 14 oo 1415 
Ditto White .....cccccrerserees oo 12 
Charge for labour 2s. per standard for deals, 


and 1s. 6d. per load for timber. 


WEST HARTLEPOOL. 
(Per cubic foot ) 








Dantzic good middling fir... o 1 3$ © 1 
Ditto common middling fir - omg or 
Sundowall fir ........000e0000+ $2? Ot 

(Per Petersburg standard. ) 

Riga crown white deals...... 10 2 6 10 § 
Gefle Ist red deals ..........+ 17 1 @ 18 10 

oe BE 4p ——- ceeveccesese 14 2 6 1410 

e ll $9 «ttt esse (210 © 13 23 

a 115 O09 Ik @ 

” unsorted white deals 

eeccecccecceces epcccccece: coco 30 § 80 8 OC 
Tunadal lst red deals ...... 7°00 (8 © 
° DAtODS.......cereeeee iis 0 O89 @ 
te — coceee 1mz0 0 (698 (© 
DAttONS  .....000008 os; 0 00 
Gotéénburg 2nd 1 redbattens 12 10 © © 0 
érd mg5o oe 
Petersburg Ist red deals... 17 1s @ 18 10 
Quebec Ist pine 3in. x 7 in. 

Gnd UPWAFAS,,,....c000008 24 9 8 9 O 
Ditto, ditto, 2ne . ecco eo 00 
Ditto, ditto, 3rd e©o co 0 
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THE LOAN COLLECTION OF SCIENTIFIC 
APPARATUS 
E.ecrriciry AND MaGnetismM.—No. X. 
ELECTROMETERS— (continued). : 

TuE instrument by which the electrical potential 
of the “needle” or movable conductor of Sir Wil- 
liam Thomson’s quadrant electrometer, which was 
illustrated and described in these columns some 
weeks ago,* is maintained at its proper standard and 
kept under perfect control is a minute induction 
electrical machine called the “‘ Replenisher,” which is 
somewhat similar in its principle of action to Holtz’s 
machine, and is a modification of Mr. Cromwell 
Varley’s improvement upon the “revolving 
doubler” which was invented by Nicholson more 
than a hundred years ago. 

It consists of pant eek or spindle of vulcanite 
which can be spun round a vertical axis by twirling 
a small milled head between the finger and thumb. 
This stem carries a horizontal bar, also of vulcanite, 
to which are attached at its opposite extremities 
two brass plates or “carriers” insulated from one 
another. An elevation of this, the movable part of 
the replenisher, is given in Fig. 10, and it is shown 





in plan in Fig. 11, in which B and B' are the metal 
carriers, and F the horizontal bar to which they are 
attached, 





Fie. 11, 
This little apparatus is centred between two 


metallic inductors A and A', which are portions of a 
cylindrical surface which is co-axial with the revolv- 
ing spindle. The carriers B and B' are themselves 
portions of cylinders but are not co-axial with the 
generating cylinder of the inductors, being fixed on 
the horizontal bar, as shown in Fig. 11, at such an 
—_ pee y— - andeares in the direction of the 
a , their forw are slightly nearer to the 
inductors than the edges that fellow. and they are 
fixed at such a distance from the axis as to revolve 
in close _—_ the inductors without touching 
them. Fig. 12 isa perspective view showing the 
general arrangement (the same being marked 
with the same letters as in Fig, 1). The induction 
plate A is attached to the ting support H, 


* See ENGINEERING, page 280 ante. 








which is of vulcanite, while the inductor A’ is in 
electrical connexion with the framework of the in- 
strument, and therefore with the earth, by being 
supported by the metallic attachment K. The 
carriers B and B! at one position of their revolution 
just graze for an instant two very light springs C 
and C! which are attached to, and are in metallic 
connexion with, the two inductors respectively. At 
another position of their revolution they touch in a 
similar manner two other springs D and D' which 
are connected together but are otherwise insulated. 
On looking at Fig. 11 it will be seen that the forward 
edges of the carriers make contact with the springs 
D and D! at a time when they are well under cover 
of, and are therefore within the inductive influence 
of the induction plates A and A', 











A slight positive charge, such as a single spark 
from an electrophorus, having been given to the in- 
ductor A, which in the quadrant electrometer is 
placed in connexion with the acid, or inner coating 
of the Leyden jar (the inductor A! being con- 
nected with the outer coating), the spindle is 
turned in the direction of the arrow, and by this 
means the difference of potentials between the two 
inductors, and therefore between the two coatings 
of the jar with which they are severally connected, 
is increased by a constant percentage per half-turn, 
and thus, by the law of compound interest, a large 
charge may in a very short time be developed from 
one that is so minute as to be incapable of being 
detected. 

The principle of the instrument depends upon the 
law that when an electrified conductor A is brought 
into the neighbourhood of another conductor B at a 
different electrical potential its electricity has the 
property of producing a change in the distribution 
of the electricity over the surface of B, If A have 
a positive charge it will attract negative electricity 
to that part of B which is nearest to itself, repelling 
at the same time positive electricity to the parts 
that are more remote. 

Upon reference to Fig. 11, it will be seen that 
the carriers B and B' when revolving in the direc- 
tion indicated by the arrow, make contact with the 
springs D and D’ just before they emerge from the 
inductive influence of the inductors A and A’, they 
are, therefore, at that instant electrically connected 
together ; the positive charge of A acting induc- 
tively on them attracts negative electricity to B, re- 
pelling positive electricity to B’' through the con- 
necting springs DandD’', The next instant they 
are insulated from one another, B retaining a nega- 
tive charge while B’ remains positively electrified. 
At another point of their revolution B’ makes con- 
tact with the spring C and gives up its positive 
charge to the inductor A, whose positive potential it 
increases by an amount equal to the electricity in. 
duced at the previous half-turn, At the same in- 
stant B delivers its indaced negative charge to 
A’ by contact with the spring C’. Passing on to 
D the carrier B’ comes in turn under the inductive 
influence of A, which is now at a still higher posi- 
tive potential than before, and the same action is 
repeated ; thus the carrier emerging from the 
ductor connected with the inner coating of the 
Leyden jar carries a negative charge round to 
receiving spring connected with the outside coat- 
ing, while the other carrier emerging from the in- 
ductor connected with the outside 





itive charge round to the receiving spring 

is in connexion with the inside coating ; and as the 
charge induced on the carriers at every half-turn is 
a constant percentage of the charge on the induc- 
tors, which is itself increased at every half-turn 
by that same amount, it follows, by the law 
of compound interest, that a very gee 
charge is capable in a very short time of ing 
the potential of the jar to a very high degree, in 
fact up to its point of discharge. 

For the purposes of explanation we have assumed 
that a charge is firat given to the instrument by an 
electrophorus or other electric generator, but this 
is quite unn , for it is found in practice that 
it is impossible to bring the two inductors so abso- 
lutely to the same potential that a few turns of the 
replenisher do not prodeee a charge upon the 
positive inductor, and the electrode in connexion 
with it, large enough to give a spark. This is 
one of the most remarkable phenomena con- 
nected with this interesting instrument, for it 
gives to it the appearance of being able to 
create electric energy as if by magic out of nothing, 
whereas the starting charge is the minute immeasur- 
able difference of potential that must invariably 
exist between two conductors insulated from one 
another, especially if one be connected with the 
earth. Just as in the Gramme magneto-electric 
machine, a powerful electro-dynamic current is de- 
veloped in the coils from the electricity which was 
induced in the first instance by the minute amount 
of residual magnetism of the soft iron cores (such as 
all iron more or less 8) ; increasing in a few 
seconds that magnetism until the pans of savuration 
of the magnets is reached, and thereby increasing 
itself in the same proportion ; so, in the replenisher 
of Sir William Thomson, an amount of electricity 
that is too small to be detected by the most sensitive 
instruments, may in a very few seconds be built up 
into a powerful electro-static charge. 
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Fig. 13. 


Asa —- of its construction the replenisher 
has the —e of being perfectly reversible, 
that is to say, if the be turned in the 
opposite direction the potential of the jar is lowered 
at every half-turn at the same rate inversely as it 
was before increased. It is this reversibility that 


which — 






















































































































314 


ENGINEERING. 


[Aprit 20, 1877. 





a=. 
THE PROPER CIRCULATION IN BOILERS. 
To rue Eprron cr Exotreent no. 

Sin,—I am glad to see by the letters of Mr. J. F. Spencer 
and of “Lax” in your that some attention is being 
directed to the subject of t 
The im nee of this subject is undoubted! | ome but it 
is, I think, questionable if engineers have hi rto given 
it ite fall weight, or have realised how rigidly its require- 


ments should be observed, in designing and working | 
' 


boilers. 


a 
It will readily be admitted by any one conversant with | 


the matter that there is abundant evidence that in boilers 
of ordinary cylindrical design no attempt whatever is male 
to provide for free and natural circulation— the fires being 
placed in relation to a large mass of water in a most 
arbitrary and anreasonable manner. In fact, the furnaces 
are just poked in anywhere to allow of room for flues or 
tubes, and for what is called ‘‘ water space’’ above them, 
and are not in any way placed as the laws of the circulation 
of heated currents of water or even of gases would deter- 
mine. 

The defects of this system of construction have gradually 
made themselves apparent, and have called for the appli- 
eation of such devices as the ‘‘ hydrokineter’’ and others, 


which can only at best help a lame dog over a stile, and can | 


never hope to cure him. 
It is striking to find in the same number of your paper 


with the letter of ‘‘ Lux’’ calling attention to this subject, | 


so weighty a commentary on the importance of the matter 
as is supplied by the letter of Mr. Robert Wilson on boiler 
explosions. 

In the majority of water-tube boilers but little advance 
has been made in the adoption of correct ‘principles in this 
respect. Attention has been largely, almost exclusively, 
directed in their case to the providing of a large area of 
heating surface, and this seems to have eclipsed all con- 
siderations connected with the allowance of free circulation 
within the boilers. So that in most of them we find opposing 
currents of steam and water expected to pass by the same 
openings, and bodies of water placed so that all heated 
currents must force a way through them horizontally 
instead of being allowed freely to escape upwards in the 
direction most natural to them. 

I think I can safely challenge denial when I affirm that 
no water-tube boiler but one composed principally of 
vertical water tubes can fulfil the conditions essential to 
proper circulation. 

It is of course possible to make such defective arrange- 
ments for steam circulation in such a boiler as will counter- 
act thoroughly all its advantages in other respects, and 
this was the case, as is admitted now on all hands, in the 
s.s. Propontis; but errors of detail in construction and 
accidents apart, such a construction is sound in principle 
and no other is. 

Your obedient servant, 
FREDERICK JOHN ROWAN. 
108, Wool Exchange, Coleman-street, E.C., April, 1877. 








STONE-DRESSING MACHINERY. 
To THE Epiror oF ENGINEERING. 

S1r,—As bearing on a branch of practical tool develop- 
ment in which we are at the present moment labourers, 
and in which we claim to have introduced a valuable im- 

rovement, we naturally read with much interest, in your 
ast week’s issue, the article of your representative at the 
late Philadelphia Exhibition on the machines there exhibited 
for sawing and dressing stone. He discloses a great want, 
namely,.of an efficient machine for dressing stone, and he 
lays bare the difficulty in the way of supplying that want 
when he says, ‘‘ What is wanting is a material from which 
tools can be made hard enough, strong enough, and it may 
be added, large enough to withstand the abrasion and 
enormous strain to which they must be subjected.’’ Our in- 
vention meets this difficulty. It isnot, however, the dis- 
covery of a new material, or of a novel method of employ- 
ing diamonds, but by a peculiar mode of using a material 
well known, ready to hand, and inexpensive. We can and 
do use ordinary steel with success, but we can do more and 
better than this, we can use chilled cast iron in dressing 
even hard granite. How is this? Not because we have 
altered the nature of the material, but because we give it 
by the velocity and consequent momentum of its action 
an immense advantage over the inert stone subjected to 
that action. Thus the resistance of the stone is overcome 
with but little stress on the tool or the machine, while the 
abrasion is so slight that no perceptible heat is engendered, 
and the wear of the tools is comparatively trifling. 

We believe, with your representative, that the difficulty 
now removed, stone-dressing will now become a common 

rocess, and that for the new class of machine which we 

ave originated employment will not be wanting. 
We are, Sir, yours respectfully, 
BRUNTON AND TRIER. 


SHAPING MACHINES. 
To THE EpITorR oF ENGINEERING. 

Sir,—We notice in your impression of March 16th, a 
drawing and description of a 15 in. stroke shaping 
machine, exhibited by Messrs. Ferris and Miles, of 
Philadelphia, in the recent Philadelphia Exhibition, and 
we were rather surprised to learn that so important 
a part of the machine, as attaching the feed motion 
to the travelling head instead of having it at the end 
of the bed, has only just been introduced by American tool 
makers. 

There are several other important reasons for having the 
traversing motions attached to the cutting head besides 
that of the workman never having to leave his place at 
the cutting head, provided the motions are suitably 
arranged, which we notice in Messrs. Ferris and Miles’ 








proper circulation of beilers. | 
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MACHINE. 


CONSTRUCTED BY MESSRS. W. COLLIER AND CO., ENGINEERS, MANCHESTER. 
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machine they are not. Byan arrangement of feed motion 
which we adopted some twenty years ago, and which 
has answered very well indeed, not only does each cutting 
head carry its own traversing motion, but any number of 
cutting heads can be placed on one bed, and all traversed 
independently by one screw. Asshown in the annexed en- 
graving, the screw in the bed is stationary, and the nut 
upon it is securely attached to a pinion into which the 
wheel A gears. This wheel A is keyed on a stud at the 
other end of which the wheel B is secured, and it will be 
seen that this wheel is acted upon by a ratchet and pawl 
worked from a slotted crank disc on the main shaft of the 
machine; thus, at each stroke of the machine, the nut 
wheel, being turned upon the stationary screw, moves the 
cutting head, and by reversing the catch it will feed in either 
direction. 

To traverse the head quickly by hand, the handwheel 
C is geared up to the nut on bed screw as shown, and by 
throwing out the catch and turning the handwheel the 
nut is caused to revolve on the stationary screw, and thus 
travel the head quickly. The gearing at the end of the 
bed is for the self-acting circular motion. 

We may add that we have turned out some hundreds of 
these machines of all sizes, some with beds 30 ft. long and 
three or four cutting heads on, and this feed motion has 
always answered admirably. We also apply a stop 
motion to each cutting head to throw it out of gear in- 
stantly. It is only fair to state that the motions we have 
described, or similar ones, are now applied by all the best 
makers of shaping machines in this country. 

Yours obediently, 
W. CoLuLier AND Co. 

Greengate, Salford, Manchester, March 28, 1877. 








PERUVIAN SILVER.—The silver mines of Cerro de Paseo, 
in Pern, have, since their discovery, yielded silver to the 
estimated value of 100,000,0001. This great result was 
attained in spite of an imperfect system of working. Mr. 
H. Meiggs, an American railroad contractor, has pro- 
a a tunnel to drain the mines, and so restore their 
value. 





Tramways.—On Wednesday last there was issued the 
report of the Select Committee appointed “‘to consider 
how far and under what regulations the employment of 
steam or other mechanical power may be allowed upon 
tramways and public roads.’’ One of the strongest argu- 
ments (the Committee say) in favour of using mechanical 
power on tramways is the severe strain upon horses in draw- 
ing the ordinary tramcars. The London General Omnibus 
Company owns nearly 8000 horses, and, in addition to its 
own vehicles, supplies horse power to some of the tram- 
ways. The horses are usually bought at about the age of 
five years, and the average life of a horse, after that time, 
if drawing an omnibus, is 44 years ; if dragging a tramcar, 
four years only. It follows, then, that in the work of this 
company above 1600 to 1700 horses are broken down every 
year. Ofthese, 1000 are sent at once to the knacker’s 
yard, while the rest are sold at the hammer for what they 
will fetch, usually at any average price of 91. or 101. Com- 
mon humanity, therefore, loudly demands some other motive 
power than thatof horses. Economy appears to throw its 





weight into the same scale, for the use of mechanical power 
will diminish the cost of traction. To show the extent of 
the omnibus} and tramway traffic in the metropolis and the 
importance of economy and efficiency, the Committee state 
that in 1876 the London General Omnibus Company alone 
carried 51,158,946 passengers, and the three metropolitan 
tramway companies took 48,000,000. Conflicting evidence 
has been given to the Committee concerning the effect of a 
steam car upon the ordinary street traffic, but they allude 
to the steam car which has been running for six or seven 
months over a length of three to four miles, from the 
Bastile to the Mont Parnasse Railway Station in Paris, 
pane about 6000 horses daily, and not a single person 

as been killed or maimed, though several accidents have 
occurred, and in one case an omnibus was overturned. The 
system of steam cars is still in its infancy, and the Com- 
mittee quote with approval a report by M. Rousselle, the 
engineer-in-chief of the city of Paris, upon the experiment 
there, that it is not conclusive, but deserves serious con- 
sideration, and meanwhile should be continued if the 
company desire to do so. Without pledging themselves as 
to what regulations or what legislative measures may be 
required at a future and perhaps at an early date, the Com- 
mittee are of opinion that the use of mechanical power on 
tramways should generally be permitted, and recommend 
that any Provisional Order or Private Bill granting the 
necessary powers should contain clauses to the followin 
effect: ‘Ihe machinery to be effectually protected aad 
concealed from view. The ingress to oat the egress from 
the accommodation in the passenger car to be safe, con- 
venient, clear of the machinery, and free from unpleasant 
noise, heat, or smell. Every engine to be, as far as possible, 
free from noise of machinery or of blast. The engine to be 
so constructed and worked as to avoid, as far as possible, 
the emission of smoke or noxious or unpleasant vapour. 
Two men to accompany each engine, unless by special dis- 
pensation from the Board of Trade. Brake power to be 

rovided sufficient to stop the engine and car in their own 

ength when travelling eight miles an hour. Every engine 
to carry a fender or some similar protection, and a bell or 
some sound of warning. Every engine to carry a number, 
by which it may be registered at the Board of Trade. Every 
engine to be inspected twice in each year by a competent 
engineer, and a report to be sent to the Board of Trade. 
The Board of Trade to have power to order a special in- 
spection at the costof the company. Engines not to travel 
over a public rcad at a greater speed than at the rate of 
eight milesan hour in towns, and twelve miles an hour in 
the country. These regulations to be subject to modifica- 
tion from time to time by the Board of Trade. Provisional 
orders and private Bills to be subject to the provisions of 
any general Act, existing or future. Power to the Board 
of Trade to license the trial of any particular engine on 
the tramways to which the provisional order or private 
Bill refers for any period not exceeding three months, 
anything contained in any Act notwithstanding. Penalties 
for infringing regulations. The Committee also reecom- 
mend that a short Act of Parliament be introduced, en- 
abling the Board of Trade to grant permission to try such 
experiments on any tramway on the application or with 
the consent of the local or road authority for such limited 
periods, and under such regulations as the Board of Trade 
may impose, 
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THE MARIOTTI BAROMETER, 

Aw instrument for measuring the atmospheric pressure 

ding for its action on the clastic force of air, and 
led the Mariotti barometer, has been invented by 
Mr. Telford Macneill, and was patented by him in 1870, 
but has not hitherto attracted much attention. It con- 
sists of a glass tube open at each end to the atmosphere, 
the lower portion passing through a glass chamber closed 
at top to retain air, both tube and chamber dipping into 
a cistern containing mercury. The cistern has a flexible 
base and there is a perforated diaphragm dividing the 
cistern and chamber. The elasticity of the air con- 
fined in the chamber over the mercury, sustains a 
column of the mercury in the tube. Such is the instru- 
ment in action. In repose the mercury is wholly confined 
in the cistern. 

The diaphragm confines the volume of air, the elasti- 
city of which is to put the instrument in action. In 
taking an observation the mercury has to be lifted in the 
cistern by means of a thumb-screw at its base, until it 
just reaches the top of the small aperture in the diaphragm. 
The cistern containing the mercury is made of kid skin 
securely fastened to the lower end of the air chamber. 

brass frame encloses the whole instrument, having the 
lifted screw fitted through its base, and front and back 
slits along the portion enclosing the tube to render it 
visible. Along the front slit is an engraved scale fitted 
with a vernier. 

The diaphragm is made of vulcanite and the air chamber 
is covered with that material for the purpose of insu- 
lating it from extraneous heat. The length of the 
instrument is about 15in. For convenience of carriage 
the cistern may be detached and carried separately, the 
mercury being confined in the cistern by a screw stopper 
or cock. 

In taking an observation the mercury is forced up 
until it shows itself above the aperture in the diaphragm 
and the top of its convex surface reaches a gauge mark 
or level situated a little above the surface of the dia- 
phragm. The purpose of the aperture and levelling 
mark is to produce the same capillary action as in the 
tube itself, and thus afford a zero point from which the 
column may be measured without the necessity of allow- 
ing for the effect of capillarity. 

When !the instrument is to be used, the cistern must 
be screwed on, the stop-cock opened, and the mercury 
gently forced by the lifting screw into the chamber. This 
operation drives out the air through the open tube until 
the mercury reaches the lower end of the tube, the air 
remaining in the chamber is then cut off from the outside 
air. The mercury being farther forced into the chamber 
compresses the confined air, and its reaction causes the 
mercury to rise in the tube to a height corresponding to 
the elasticity of the air in the chamber. Thus for each 
reading the mercury must be withdrawn from the air 
chamber completely, so as to allow it to be filled with 
air at the actual atmospheric density, and the volume 
of such air is for every reading condensed to exactly the 
same extent. 

If the atmospheric pressure at the time of observation be 
represented by P and the air in the chamber be com- 
pressed from V tov, the mercury will rise in the tube, 
the instrument being vertical, to such a height H as will 
give the relation of pressure to volume in accordance with 
Boyle and Marriotte’s law, namely, V:v::p:P, or p 


de 
¢ 


-¥? , then H=p—P;; and as this relation is maintained 


v 
for every value of P, it follows that p—P, or the height of 
the column, may be used as the exponent of the atmo- 
spheric pressure at the time, the change of volume, V to 
v, being always the same. When, therefore, the atmo- 
spheric pressure is 30 in. by a standard barometer, the 
height H may be marked 30, and similarly for any other 
pressure, so that a scale may be formed and divided 
equally torepresent barometrical inches. Or thelength 
of the column H may be measured in absolute inches, and 
compared with the height of a standard barometer so as 
to determine a ratio between the indications of the two 
instruments ; but then at every observation the height H 
must be multiplied by the constant factor of the instru- 
ment to obtain the atmospheric pressure. 

If V be taken as 1 and v4, then when P is 30in., p= 
30—%—45 in., and H=45—30=15 in., the absolute 
length of the column. The patent specification states 
for these conditions 10 in., an evident mistake. If theair 
be compressed from 10 to 8, then, for the same value of 
P the column would measure 7}in. only; so that every 
din. would have to be divided to tenths and hundredths 
to represent barometrical inches. If the compression of 
the air be effected to the extent of one-half the volume, 
the column H would be of the same length as the baro- 
metrical column. If the compression be carried still 
further, it is evident that an enlarged instead of a con- 
tracted scale would be obtained. The object of the in- 
vention, however, is to obtain a short portable barometer, 
and therefore a contracted scale is unavoidable. The 
instrument is intended merely to be more reliable than 
an aneroid, even if not so accurate to a close reading as 
a barometer. 

There is an effect due to heat of compression which is 
not taken into account, except by allowing time during 
the observation for the heat to be dissipated. In the 
actual construction of these instruments no definite size 





is given to the air chamber, and no limit is assumed for 
compression, but each instrument has its scale determined 
by reference to a standard barometer; consequently they 
range in lengths, though 15 in. is the general size, and 
some are shorter. For a compression of 3 to 2, the in- 
crement of temperature is ,h (see ENGINEERING, vol. xviii., 
page 17). 

From comparisons which we have-made with one of 
these instruments and a standard barometer the following 
errors were found : 


in. 
Maximum +.07 
Minimum —.01 
Mean ... ese +.03 


from 22 observations. 
These show that after applying a correction of —.03 
the possible error of observation is within +.04. 




















The maker of the instrument is Mr. Casella, and he 
supplies the following instructions : re 

The instrument should be. suspended in the shade ina 
good light, and time should be given for it to take the 
temperature of the place before making an observation. 
Two readings should not be taken within a less interval 
than ten minutes, so as to allow any heat generated in 
the first observation to escape before taking another. 
The instrument should not be handled immediately before 
taking an observation, nor should the observer approach 
it from a fire, or’with hands and clothes of a tempera- 
ture differing much from that of the instrument, other- 
wise the volume of air just admitted might be to some 
extent affected, notwithstanding the insulating covering 
of the air chamber. When the instrument is hung up for 
observation, the stop-cock A should be opened, and the 
mercury raised by the screw B until it nearly touches 
the bottom of the tube O, as seen through the lower slit 
or opening in the ebonite body. After an interval of a 
few minutes the instrument is ready for an observation, 
and the mercury should then be raised until it closes 
the bottom of the tube OC, after which the screw B may 
be turned until the mercury appears through the dia- 
phragm D in the form of a convex drop at E, the surface 
of which must be raised so as to be at its top coincident 
with the top of the opening E which is the zero of the 
scale, 

The stop-cock A is then to be closed, and the vernier 
set so that its lower edge shall be coincident with the 
top of the convex surface of the mercury in the tube F. 





— SD 
The time occupied should be about one minute from the 
closing of the tube C until the vernier is set, after which 
the reading may be noted, and the usual corrections for 
index error and temperature made as in the standard 
barometer, 

The stop-cock A should then be opened and the mercury 
allowed to descend to a little below the tube C. The in- 
strument will then be ready for the next observation. 
The glass tube C F being open at the top, the instrument 
should not be laid on its side until all the mercury is 
lowered into the cistern and the stop-cock A closed, when 
it may be placed in any position. ° 





THE FORCE OF GRAVITY. 

On Gravity or Magnitude of that Force by which this 
Earth and the Sun are attracted or impelled towards 
each other, with Hypothetical Propositions regarding 
ws Velocity of the Ether requisite to produce that 

orce. 
To THE EDITOR OF ENGINEERING. 

S1r,—Having read with much interest the articles on 
‘*The Origin of Motion,’’ which appeared in the course of 
the past year in your valuable r, and having previously 
read a work on the “‘ Physics of the Ether,’”’ by S. Tolvern 
Preston, to which my attention was drawn by a notice in 
ENGINEERING, I have made a few simple calculations on 
the same subject, which, with your permission, I shall be 
glad to lay before your numerous readers. 

In as far as gravity is considered as an impelling force 
the theory advocated by your contributor does not essen- 
tially differ from that propounded by Le Sage, who, as 
stated by Sir William Thomson in the Philosophical 
Magazine for May, 1873, ‘‘ devoted the last sixty-three years 
of a life of eighty to the investigations of a mechanical 
theory of gravitation. 

In his first two books gravity is explained by the im- 
pulse of ultramundane co: ood, and upon this assump- 
tion it is easy to deduce the law of the inverse square of 
the distance and the law of the proportionality of gravity 
to mass. Redeker, a German p poet, is quoted by Le 
Sage as ‘‘ having expounded a theory of gravity of the 
same general character.’’ In the same paper from which 
those statements are extracted, Sir William Thomson says. 
(page 331) : ‘‘ The corpuscular theory of gravity is no more 
difficult in allowance of its fundamental assumptions than 
the kinetic theory of gases as at present received ; and it 
is more complete, inasmuch as, from fundamental assump- 
tions of an extremely simple character, if explains all the 
known phenomena of its subject, which cannot be said of 
the a theory of gases so far as it has hitherto ad- 
vanced.”’ 

In vol. ix., page 36 (1855) of the Philosophical Maga- 
zine, Sir William Thomson has also said, ‘‘ That there 
must be a medium forming a continuous material com- 
munication throughout space is a fundamental assumption 
in the undulatory theory of light. Its existence is a fact 
that cannot be questioned ; and the investigation of its 
properties in every possible way becomes an object of the 
greatest interest.’’ 

In vol. xvii. of the same magazine for January, 1859, 
page 22, Professor Challis says, ‘‘It is not a little sur- 
prising that an explanation of the correlation of the 
several forces should not have been sought for in the exist- 
ence of this medium which would seem to be a vast reser- 
voir of force sufficient to account for all observed dynamical 
effects.’’ A little farther on in the same p ofessor 
Challis continues : ‘‘It must, however, be admitted that 
the great obstacle to this kind of research is the very im- 
pr state of the mathematical theory of the motion of 
fluids.”’ 

In a paper on “ A Theory of Molecular Forces,’’ in the 
Philosophical Magazine, vol. xix., e 88, 1860, Pro- 
fessor Challis again says : ‘‘ The theo am about to ex- 
plain differs from all that have preceded it in this respect, 
that it admits of no other kind of action than the pressure 
of a very elastic fluid medium (the ether), and no law of 
force which is not a mathematical deduction from the 
assumed dynamical property of the medium that its pressure 
is proportional to its density.”’ 

The same author in writing on ‘‘ A Theory of the Force 
of Electricity’ (Philosophical Magazine, vol. xx., page 
280, 1860) further says, ‘‘ The principal hypothesis of the 
theory is, that the physical forces are all consequences of 
the motions and pressures of a uniform and highly elastic 
medium ading 8 .”? Moreover, “To tell us,” as 
Newton fecal “*that every species of things is endowed 
with an occult specific quality by which jit acts and pro- 
duces manifest effects is to tell us nothing.”’ 

Similar views to the above have been expressed by many 
others, but those extracts afford sufficient evidence that, 
in common with your contributor, the most eminent au- 
thorities are disposed to attribute the action of gravity to 
the motion of a medium, the atoms of which medium are 
assumed to flash through space in all directions with an in- 
conceivable velocity passing more or less freely through our 
earth and all known matters, the resistance to the passage 
of those atoms being proportional to the mass, density, or 
texture of the matter against which they impinge. _ 

Then supposing our earth to be at rest and alone in | 
the motion of the medium striking on all sides with — 
force might heat, but could have no tendency to disp 
the mass. In placing a second mass, however, within the 
vicinity of the first, the pressure on all sides no 
longer be alike, and the separate bodies would then afford 
shelter to each other, and the pressure of the intervening 
medium being thereby reduced, the masses, as observed by 
your contributor, would obviously move towards cach other. 

On this hypothesis the atoms which are darting from 
beyond the sun directly towards our earth, are Ye in- 
tercepted and d ,and do not strike the of the 
earth which faces the sun with the same force, as if the 
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the American railroad contractor, is stated to have | steel rails have just been let in France at about 81. 11s. 6d. | tion of metallurgical industry, the Mokta-e 

closed a contract with the Peruvian Government for com- per ton. The total quantity of steel rails rails contracted for | netic Iron Minerals Company carried on a last year 
pleting the Oroya Railway and opening the Cerro de Pasco | in France last year was 130,000 tons, or 10,000 tons more | with success. The net profit realised by the  comgeng in 
mines. than the corresponding total for 1875. 1876 was 105,2831., or very nearly as pote ow 
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THE LOAN COLLECTION OF SCIENTIFIC 
APPARATUS 


ELEctRICcITY AND Macnetism.—No. X. 
ELECTROMETERS— (continued). 

Tue instrument by which the electrical potential 
of the “needle” or movable conductor of Sir Wil- 
liam Thomson’s quadrant electrometer, which was 
illustrated and described in these columns some 
weeks ago,* is maintained at its proper standard and 
kept under perfect control is a minute induction 
electrical machine called the ‘‘ Replenisher,” which is 
somewhat similar in its principle of action to Holtz’s 
machine, and is a modification of Mr. Cromwell 
Varley’s improvement upon the ‘“ revolving 
doubler” which was invented by Nicholson more 
than a hundred years ago. , 

It consists of a small stem or spindle of vulcanite 
which can be spun round a vertical axis by twirling 
a small milled head between the finger and thumb. 
This stem carries a horizontal bar, also of vulcanite, 
to which are attached at its opposite extremities 
two brass plates or “carriers” insulated from one 
another, An elevation of this, the movable part of 
the replenisher, is given in Fig. 10, and it is shown 





in plan in Fig. 11, in which B and B! are the metal 
carriers, and F the horizontal bar to which they are 
attached. 





Fia. 11, 


This little apparatus is centred between two 
metallic inductors A and A!, which are portions of a 
cylindrical surface which is co-axial with the revolv- 
ing spindle. The carriers B and B! are themselves 
portions of cylinders but are not co-axial with the 
generating cylinder of the inductors, being fixed on 
the horizontal bar, as shown in Fig. 11, at such an 
angle that, when revolving in the direction of the 
arrow, their forward edges are slightly nearer to the 
inductors than the edges that follow, and they are 
fixed at such a distance from the axis as to revolve 
in close yr to the inductors without touching 
them. Fig. 12 is a-perspective view showing the 
general arrangement (the same parts being marked 
with the same letters asin Fig. 11). The induction 
plate A is attached to the insulating support H, 





* See ENGINEERING, page 259 ante. 








which is of vulcanite, while the inductor A! is in 
electrical connexion with the framework of the in- 
strument, and therefore with the earth, by being 
supported by the metallic attachment K. The 
carriers B and B! at one position of their revolution 
just graze for an instant two very light springs C 
and C! which are attached to, and are in metallic 
connexion with, the two inductors respectively. At 
another position of their revolution they touch in a 
similar manner two other springs D and D' which 
are connected together but are otherwise insulated. 
On looking at Fig. 11 it will be seen that the forward 
edges of the carriers make contact with the springs 
D and D! at a time when they are well under cover 
of, and are therefore within the inductive influence 
of the induction plates A and A'. 











a 


Fig. 12. 


A slight positive charge, such as a single spark 
from an electrophorus, having been given to the in- 
ductor A, which in the quadrant electrometer is 
placed in connexion with the acid, or inner coating 
of the Leyden jar (the inductor A! being con- 
nected with the outer coating), the spindle is 
turned in the direction of the arrow, and by this 
means the difference of potentials between the two 
inductors, and therefore between the two coatings 
of the jar with which they are severally connected, 
is increased by a constant percentage per half-turn, 
and thus, by the law of compound interest, a large 
charge may in a very short time be developed from 
one that is so minute as to be incapable of being 
detected. 

The principle of the instrument depends upon the 
law that when an electrified conductor A is brought 
into the neighbourhood of another conductor B at a 
different electrical potential its electricity has the 
property of producing a change in the distribution 
of the electricity over the surface of B. If A have 
@ positive charge it will attract negative electricity 
to that part of B which is nearest to itself, repelling 
at the same time positive electricity to the parts 
that are more remote, 

Upon reference to Fig. 11, it will be seen that 
the carriers B and B’ when revolving in the direc- 
tion indicated by the arrow, make contact with the 
springs D and D’ just before they emerge from the 
inductive influence of the inductors A and A’, they 
are, therefore, at that instant electrically connected 
together ; the positive charge of A acting induc- 
tively on them attracts negative electricity to B, re- 


pelling positive electricity to B’ through the con-| = 


necting springs D and D', The next instant they 
are insulated from one another, B retaining a nega- 
tive charge while B' remains positively electrified. 
At another point of their revolution B’ makes con- 
tact with the spring C and gives up its positive 
charge to the inductor A, whose positive potential it 
increases by an amount equal to the electricity in- 
duced at the previous half-turn, At the same in- 
stant B delivers its indaced negative charge to 
A' by contact with the spring C’. Passing on to 
D the carrier B’ comes in turn under the inductive 
influence of A, which is now at a still higher posi- 
tive potential than before, and the same action is 
repeated ; thus the carrier emerging from the in- 
ductor connected with the inner coating of the 
Leyden jar carries a negative charge round to the 
receiving spring connected with the outside coat- 
ing, while the other carrier emerging from the in- 
ductor connected with the outside coating carries a 





positive charge round to the receiving spring which 
is in connexion with the inside coating ; and as the 
charge induced on the carriers at every half-turn is 
& constant percentage of the charge on the induc- 
tors, which is itself increased at every half-turn 
by that same amount, it follows, by the law 
of compound interest, that a very small original 
charge is capable in a very short time of raising 
the potential of the jar toa very high degree, in 
fact up to its point of discharge. 

For the purposes of explanation we have assumed 
that a charge is first given to the instrument by an 
electrophorus or other electric generator, but this 
is quite unnece' , for itis found in practice that 
it is impossible to bring the two inductors so abso- 
lutely to the same potential that a few turns of the 
replenisher do not produce a charge upon the 
positive inductor, and the electrode in connexion 
with it, large enough to give a spark. This is 
one of the most remarkable phenomena con- 
nected with this interesting instrument, for it 
gives to it the appearance of being able to 
create electric energy as if by magic out of nothing, 
whereas the starting charge is the minute immeasur- 
able difference of potential that must invariably 
exist between two conductors insulated from one 
another, especially if one be connected with the 
earth. Just as in the Gramme magneto-electric 
machine, a powerful electro-dynamic current is de- 
veloped in the coils from the electricity which was 
induced in the first instance by the minute amount 
of residual magnetism of the soft iron cores (such as 
all iron more or less possesses) ; increasing in a few 
seconds that magnetism until the — of saturation 
of the magnets is reached, and thereby increasing 
itself in the same proportion ; so, in the replenisher 
of Sir William Thomson, an amount of electricity 
that is too small to be detected by the most sensitive 
instruments, may in a very few seconds be built up 
into a powerful electro-static charge. 
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As a sequence of its construction the replenisher 
has the advantage of being perfectly reversible, 
that is to say, if the spindle be turned in the 
opposite direction the potential of the jar is lowered 
at every half-turn at the same rate inversely as it 
was before increased. It is this reversibility that 
gives to the replenisher its great value as an 
accessory to the quadrant electrometer, for as it 
is indispensable for accurate measurement for’ the 
needle of the electrometer and the jar with which 
it is connected to be kept at a uniform electrical 
potential, neither higher nor lower than the 
standard to which the gauge is adjusted, it is as 
important to be able to: lower the potential of the 
needle if too high as it is to raise it for the purpose 
of charging the jar; and as the increments or de- 
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crements of charge, as the spindle is turned in one 
direction or the The are > na small at each half- 
revolution, it becomes very easy to regulate the 
charge of the needle so that the gauge shall indicate 
isely the normal potential of the electrometer. 

In the large quadrant electrometer, which we 
described some weeks ago,* the replenisher is sus- 
pended from the under side of the main cover of 
the instrument, and therefore within the mouth of 
the jar. Its upper pivot gene through the cover 
and terminates in a milled head of vulcanite, by 
which it is rotated and which may be seen in Fig. 9 
(page 259 ante) projecting from the main cover'‘to 

e right of the lantern. 

At the Loan Collection a very convenient form 
of Sir William Thomson’s replenisher, which we 
illustrate in Fig. 13, was contributed by Messrs. 
Elliott Brothers, and exhibited, as does every thing 
emanating from that firm, great perfection of work- 
manship and finish. 

It difters from the form we have been describing 
only in being a separate instrument complete in 
iteclf, and the Figs. 10, 11, and 12 equally illus- 
trate its construction and details. The instrument 
is supported within a glass jar from the lower side 
of a circular cover of brass, its spindle being ro- 
tated by a milled head projecting above the centre 
of the plate. Its positive inductor is connected by 
a wire to the electrode of the instrument, which is 
insulated from the cover by passing through a small 

illar of vulcanite seen to the left of the figure. 

e cover is also provided with a binding screw, by 
which it and the negative inductor, which is con- 
nected with it, may be placed in electrical commu- 
nication with the earth or with the outer coating of 
a Leyden jar. The milled head to the right of the 
spindle is for throwing into or out of action a light 
spring stop by which the spindle when not required 
to be rotated is held in such a position that its 
carriers do not touch any of the springs, and are 
symmetrically disposed with respect to the .in- 
ductors. By this means they are prevented from 
aiding a “‘ leakage” of electricity from one inductor 
to the other by contact or induction. In damp 
weather, or when great perfection of insulation is 
required, a little strong sulphuric acid is placed at 
the hettomi of the glass jar, which, by absorbing 
aqueous vapour, keeps the contents of the instru- 
ment @zy, and therefore in a high state of insu- 
lation, 
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On the Present State of the Iron Manufacture in Sweden. 
By RicHar> Axgrman. London and New York : E. 
and F.N. 5s. 

Tuis work by erman ¢onveys within a 
small bulk a vast amount of information relating to 
the subject of which it treats, and itjwill be read 
with much interest. Professor Akerman points out 
that the iron manufacture of Sweden does not to- 
day enjoy the same position with regard to that of 
other countries as it a few years ago, this change 
not being due to any deterioration in the quality of 
the Swedish iron, but to the fact that other countries 
more favoured by natural advan haveso largely 
developed their own resources of coal and iron, as 
to leave Sweden as a competitor far behind, 
struggling with overwhelming natural obstacles, 
Nevertheless, at the present time, important changes 
in the iron manufacture of Sw are in progress, 
which will probably have the effect of developing to 
the utmost this ayes in a country where coal 
and iron lie far from other, and are separated 
by important natural barriers. 

Swedish iron, so far from having deteriorated, has, 
owing to perfections introduced into the manufac- 
ture, improved in quality, while the production has 
also slowly increased, the amount in 1870 being one 
anda half times that of 1860. It has to be borne in 
mind that Sweden exports practically no ironwork 
of any kind, the iron ship being in the form of 
pig, of merchant bars, or steel, and manufactories 

cient to supply the limited requirements of the 
country do not exist, so that iron goods of all classes 
are regularly imported. 

The small production of iron in Sweden does not 
arise from any want of mineral; on the contrary, 
the country is rich in iron ore, which is distributed 
over almost its whole extent, The largest and 
richest mines are located in the southern portion of 
Gefleborg and Kopparberg, the north-western part 
of Westmanland, the north of Orebro, and the east of 
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Wermland. North of Winkirn, there are no iron 
mines of importance, until the district of Norrbotten 
is reached, a large amount of ore being found near 
Gelliwara, but this owing to the difficulties of trans- 
port, and the scarcity of labour, has been but little 
worked. 

Although so considerable a number of mines exist 
their capacity for production is in most cases very 
limited, and one of the great disadvantages under 
which the country labours is the imperfect legisla- 
tion which exists on the subject of mining. The 
greatest drawback, however, lies in the absence of 
coal except at the south, in Schonen and probably 
in Southern Halland. It isnot improbable that in the 
former place, coal will be found beneath the chalk. 
This has not been yet decided, for although coal 
has been worked there since the 17th century, it is 
only lately that any extensive investigations have 
been made, In other of Sweden the geological 
conditions are such that theré is no chance of coal 
being found. : 

In the coal district of Schonen iron ores have not 
been discovered to any extent, only.a small bed of 
argillaceous ore haying been fo and containing 
39.5 per cent. of iron with .13 of speephores, so that 
unless larger deposits of ore are discovered, the 
coal will have to be conveyed fora distance of 329 
miles to the iron districts. : 

At present therefore, under these unfavourable 
conditions, Sweden has to abandom her coal, and to 
fall back upon her forests and upon peat, as well as 
to import coal for the fuel necessary to her iron 
manufacture. But even the too rapidly decreasing 
timber has to be carried for considerable distances, 
for the iron ore is not found. in the forest lands, 
and this, a matter of no small importance even in 
thickly populated countries well supplied by rail- 
ways, becomes a great obstacle in Sweden, with its 
sparse population and until of late imperfect means 
of communication. 

The area of Sweden is 171,700 square miles, and 
in 1874 the entire population amounted to 4,341,559 ; 
of these the larger number reside in the southern 
part of the country. Norrland, with an area of 
more than half the whole territory, had in 1874 only 
400,564 inhabitants. From these facts, and con- 
sidering also the difficult nature of the country, it is 
evident that a complete system of railways cannot 
easily be constructed or supported. Considerable 
progress, however, has been made in this direction. 
At the beginning of 1876, the country possessed 
2351 miles open for traffic, while about 2500 more 
were projected or in progress. But even with this 
large increase in mileage, it will be long before 
sufficient railway accommodation will exist. But 
while there appears but small prospect of an increase 
in Swedish iron production, corresponding to that 
in most other countries, the high quality will doubt- 
less be maintained so long as there is sufficient 
timber for fuel. 

Each square mile of forest in those districts where 
the greatest care is taken in its cultivation, supplies 
about 3740 cubic feet of fuel, while the average pro- 
duction of ordinary forest land is 1440 cubic feet per 
year. The quantity of charcoal obtained from the 
wood varies from 60 to 100 per cent. in volume, and 
the average quantity of charcoal consumed per ton 
of iron is 275.4 cubic feet. From these figures it 
will be seen that very extensive forests would be 
necessary, even for a moderate production of iron, 
and efforts have been made to introduce coal from 
this country. The advantage of a larger production 
would, however, be counterbalanced 7, the inferior 

uality obtained, and the proposition for importing 
Swedish ore to England presents but few chances 
of success. With a more complete railway system 
and better forest organisation, charcoal can be 
carried from considerable distances, thus opening up 
areas for fuel, at present quite unavailable. 

The iron ores of Sweden are divided commonly 
into the “ mountain ores”—which consist princi- 

ally of magnetic oxide and hematites—and the 

og or lake ores, which" are only worked to an 
considerable extent in the province of Smaland. 
Professor Akerman gives a full account of the 
various ores together with extensive tables of ana- 
lyses and data* re the produce of the dif- 
ferent districts. From the latter we learn that in 
1874 there were raised 922,524 tons of “mountain 
ores,” these being derived from 696 mines, while in 
the same year 4300 tons of bog ores were used. 

In Sweden, as elsewhere, blast furnaces have of 
late years increased in size, and those now built are 
generally from 40 ft. to 55 ft. high, while the capa- 
city reaches 3000 cubic feet, They are generally 





blown with two tuyeres, but sometimes with three 
or four, and the blast is in some furnaces cold and 
in others heated up to 840 deg. Fahr. ; the average 
temperature, however, is about 400 deg. Fahr. The 
consumption of charcoal varies considerably, but 
Professor Akerman states that it is generally 0.75 
to 0.85 ton per ton of pig iron. The gases cscaping 
from the furnaces are generally partially utilised for 
heating the blast and ealcining the ore. 

Our space will not permit us to follow Professor 
Akerman in his account of the processes followed in 
the ‘conversion of the pig into finished iron and 
steel; for information on these points we must 
refer our readers to the book itself, in which they 
will find many interesting particulars. We may 
add that the work is accompanied by an excellent 
map showing the principal mines and mineral works 
in South Sweden. 


Historical Records of the Second Royal Surrey, or Eleventh 
mbes of bade = ey. peng |  - ter. A 
OHN Davis, Esq., Oa) in the Regiment. 
ndon: Marcus Ward and Co. 3 

Although the subject of this book lies outside the 
limit of those we usually select for review, it is worth 
notice as the painstaking and successful work of an 
engineer, who besides recording the history of the 
regiment with which he is attached, traces that of 
the militia movement in this country from 430 A.D., 
when the seven Saxon kingdoms into which the 
land was divided, were inhabited by a population 
carrying arms to a man, who fought with each other 
for 400 years, Later they did good service against 
a common foe, as when in 1066 the militia of the 
period under Harold II. repulsed 60,000 Norwegian 
invaders at Stanford Bridge, and were but barely 
defeated a week later by the Norman armies, which 
changed the dynasty and destiny of the country. 
Coming to a later period, the militia, and media 
the six regiments of train-bands numbering about 
10,000 men, did good service to the Commonwealth, 
These were in George the Third’s time converted 
into six regiments of militia, with service limited to 
a radius of twelve miles of the City, andin the reign 
of George the F they were reduced to one 
regiment only, mow the 106th Royal London 

Regiment of Militia. 
ut the regimémt which is the special subject of 
this volume, the Royal Surrey Militia, was embodied 
in 1759, a result of the Bill of the 28th of June, 
1757, by which a force of 60,000 men were to be 
raised throughout the country, the Surrey contingent 
being 800. en we say that the author has devoted 
400 D Ree to the record of the somewhat uneventful 
annals of this regiment from its formation to the pre- 
sent time, it will be imagined that he has not left 
much unwritten. Doubtless the work will be of high 
interest to all the members of the regiment, from 
whom Mr. Davis deserves hearty thanks for the able 
and painstaking way in which he has collected and 
placed on record the minutest details of its history. 





THE PENNSYLVANIA RAILROAD. 
No. XVII.—Tue Attoona Sxops. 

THE shops of the Motive Power Department of 
the Pennsylvania Railroad Company, at Altoona, are 
situated between Ninth and Tenth Avenues, and 
Eleventh and Sixteenth streets, and extend over an 
area of 26.8 acres. Besides these the company also 
owns extensive car shops, about one mile from the 
former, and some small works devoted to the main- 
tenance of way. The relative positions of the 
various buildings are shown in the plans, Figs. 1 
and 2. Only a portion of the locomotive shops 
is new, the remainder consisting of old and not 
over commodious buildings, which will, however, 
be gradually removed and be replaced by new 
structures, They are situated on the south side of 
the railway, the offices being situated at some little 
distance in Twelfth-street. A bridge over the rail- 
fom | at A affords communication between the town 
and shops, The latter comprise the following 
buildings: Three engine houses, marked l, 2, 3, 
and respectively 282 ft. 8 in., 195 ft, 2in., and 
236 ft. in diameter ; a new erecting shop 349 ft. 6 in. 
by 66 ft. 6 in.; a machine. shop of the same length 
and 86 ft. 6 in. wide, witha brass finishing sh: 
between; a second erecting 62 ft. 6in. wide an 
about 350 ft. long; a vice 51 ft. 6 in. by 
125 ft. 3 in.; and a tube shop. Close to the round 
house No. 3, is a small sand house and a shop for air 
brakes. In front of the last-named erecting shop isa 
transfer pit 30 ft. wide by 356 ft. 4 in. long, and on 
the opposite side are boiler, flanging, tank, and wheel 
shops, while two blacksmiths’ shops, the larger one 
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345 ft. 5 in. by 126 ft. 6in. and 60 ft., complete 
this portion of the works. Beyond is the foundry, 
the chief building being 250 ft. by 100 ft., with a 
wheel foundry 139 ft. long, a brass foundry 95 ft. by 
58 ft., together with core rooms, ovens, wheel pit, 
sand stores, &c, The pattern house is a separate 
building 100 ft. by 50ft., and close by is the charcoal 
store 128 ft. by 26 ft. Finally a os) shop, 
346 ft. 6 in. long, completes the list of buildings to 
which attention need be called here, and all of which 
are, together with several smaller ones, clearly shown 
upon the plan. 

The principal work done at these shops is loco- 
motive building and repairs, but besides this a very 
large amount of general work is performed, includ- 
ing, in fact, all the requirements of a first-rate rail- 
way, except the manufacture of iron or steel, or 
the rolling of plates, rails, &e. Thus at these 


works switches, crossings, and si are pro- 
duced; car wheels are cast, ther with the 
more general work of the foundry, castings for 


rolling stock, bridges, buildings, &c.; making and 
repairing tools and machiuery for various shops, the 
mixing and preparation of oils, the manufacture and 
repair of electrical instruments and telegraph plant, 
&c. In describing these extensive works it will be 
convenient to follow the various departments into 
which they are actually divided. 

1. The Machine Shop.—This building is well sup- 
plied with tools for all classes of machine work, not 
many of them, however, call for any ial notice. 
Amongst others there is a planing machine with bed 
24 ft. long, on which the locomotive frames are 
planed for their entire length with only one —_. 
ment. A large slotting machine, .on the table of 
which a pair of locomotive side frames are laid to- 
gether, and faced along the pedestal legs, the head 





otherwise be obtained. As far as ible shaping 
and boring is executed with heolenal templates 
made to the shape and size of the piece; thus, for 
coomels. in finishing a crosshead, a template is 
bolted to the end, and the casting is planed u 

exactly to the template. The guide plates for drill. 
ing or boring are of cast iron with holes formed in 
the proper places, and lined with hardened steel 
ferrules. 

With these templates very little chance of error 
exists, and nothing, is left. to the judgment of the 
workmen, an inferior class of labour being suffi- 
cient for the work. With regard to the forming 
lathes already alluded to, it may be mentioned that 
by their means on uniformity is secured and the 
same standard degree of uniformity is always given 
to bolts no matter what length they may be, and no 
time is lost in checking the accuracy of the work. 
In finishing up bolts, however, cast-iron gauge blocks 
are employed with holes in them reamed out ex- 
actly to the size of the hole the bolt is to fill; the 
latter is gauged by entering it into the hole, and 
seeing whether the proper clearance has been left, 
 & that the bolt may be driven tightly into its 
place. 

The planing machines in the shop are arranged in 
pairs so that two of them can be operated by one 
man, even in the case of the largest tools, with very 
long tables. It is the system to place as large 
a number of similar pieces as possible at one opera- 
tion, and this same principle will be found to rule 
throughout the works, Tones of attaching the. 


work are adapted to. the planing machines, consist- 
ing of cast-iron strips with angle pieces, 
on their underside with projecting blocks 
true, and fitting into the 

machine, By these appli 
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of the machine being so arranged that it can be set 
at the desired angle to cut the taper. There is, 
moreover, a vertical milling machine, in which the 
table also revolves and moves at right angles ; almost 
every shape can be finished up in this machine. A 
horizontal milling machine for surfacing all kinds 
of work, and for fluting or arrising coupling rods ; 
this machine is especially adapted for finishing work 
which terminates in fillets or hollow curves. A 
number of the planing machines are provided with 
four-tool holders, so that work may be planed upon 
two sides as well as on the top. 

Some of the lathes have forming attachments 
added, the former guiding the rest on which the cut- 
ting tool is fastened. The bolts used for locomotive 
work throughout the shops are all turned upon 
these lathes, a uniform taper of ,3,in. per foot of length 
being giventhem, In the machine shop, and fenced 
off by lattice work, is the tool room, where taps, dies, 
reamers, punches, &c. are made, and where the 
same tools and gauges used by the workmen are 
kept. These ro are delivered and charged to the 
workman on demand, and when returned clean and 
in as good condition as when received, the charge 
against the workmen is cancelled. 

The reamers employed are, with but a few ex- 
ceptions, made with a taper of ;; in. per foot of 
length, and are made in series from } in. in diameter 
to 14 in. in diameter, increasing by sixteenths; the 
threads of the taps and dies are of American stan- 
dard throughout, in form and pitch, with straight 
sides and an angle of 60 deg. with flat surfaces at 
top and bottom, equal to one-eighth the pitch. 
Templates and gauges are employed throughout 
the shop, great exactness and uniformity of work 
being obtained thereby, and the variations other- 
wise unavoidable even by skilled workmen, are 
entirely unknown; the amount of fitting is also 
greatly reduced, and the work comes together in 
the erecting shop, with greater accuracy than could 








quickly and truly fastened to the table, and without 
much adjustment. 

In asmall room attached to and forming a part 
of the machine shop, small brasswork is finished, 
such as cocks, valves, &c., required for water 
gauges, tallow, blow-off cocks, &c. The shop also 
contains the test pump and gauges for testing steam 
and air gauges. All the former, whether on loco- 
motives or stationary boiler service, are tested once 
every month, and any deviation or irregularity is 
corrected before it is returned to service. 

2. Boiler Shop.—It will be seen by reference to the 

lan of the locomotive works, that the boiler shop 
is separated from the erecting shop, and is very 
conveniently situated for passing the boiler when 
completed on to the latter. The boiler shop is 
divided into the erecting, the flanging, and the tank 
departments, this last-named being employed for 
the construction of tender and engine tanks, ash 
pans, water troughs for track tanks, and all other 
classes of) heavy sheet-iron work. In the flanging 
department are three flanging forges upon Nixon’s 


pattern. They are large oval castings provided 
with water tuyeres, and having the top — er- 
forated with holes for the passage of the blast. The 


fire is made up upon this plate, and any desired 
form can be given to it by stopping up a certain 
number of the holes, or if desired, the whole of 
them can be used for the blast, so that pieces of 
any desired form can be treated and the heat con- 
centrated over any given part of the surface for 
flanging, or heated all over for straightening. In 
connexion with these forges are a large number of 
cast-iron shaping blocks, of the various contours to 
which the plates have to be brought, or the flanging 
executed. These blocks are placed near the forges. 
There are five smiths’ forges in this department, 
at which boiler stays, crown bars, fire-door fittings, 
&c., and all the ceicaings required for the tender 
tanks are made. In the shop is placed a crane 


———— 
which swings so as to command all three of the 
flangi ing forges, so that the sheets may be easily 

nm 


In the tank shop, overhead rails are laid on which 
run differential chain hoists, by which tanks weigh- 
ing up to 5000 lb. can be raised from the place 
where they are erected and transported, over any 
other work that may be in progress, to be deposited 
on the tender frames. 

In the erecting room of the boiler shop are placed 
the punches, bending rolls, and shears required for 
this department, as well as a steam rivetting ma- 
chine. To facilitate handling the work, two 10-ton 
jib cranes are erected here, of sufficient range to 
reach the various lines of rail on which the boiler 
work is carried on. The winding gear of these is 
attached to the vertical posts at such a height above 
the ground that the platform, also secured to the 
crane post, is 6 ft. above the ground, By this ar- 
rangement no floor room is wasted, and the manin 
charge standing on the elevated platform can always 
keep the work in sight, which would not be the case 
were he lifting from the floor level, 

The steam rivetting machine, made by Messrs. 
W. Sellers and Co., of Philadelphia, has a cast-iron 
pe rays block ; about one-half of the boiler rivetting 
work is executed with this machine. The punches 
and shears are some of them made by the above- 
named firm, and the remainder. by Messrs. W. B. 
Bement and Son, also of Philadelphia, All the 
holes, excepting those for boiler flues, are punched. 

The bending rolls are almost new, and of good 
design ; the top or following rolls are raised and 
lowered by power, and the housing at.one end, 
which is angen can be swung back so as to allow 
of a sheet rolled cylindrically to be taken out from 
the end of the machine, 

The shop is heated by steam supplied by a vertical 
boiler placed in the flanging department, and the 
same boiler furnishes the steam for the rivetting 
machine. Sufficient lighting is obtained at night 
by means of gas beneath reflectors hung between 
the roof trusses, and placed above the level of the 
crane jibs; by this means the shop is well illumi- 
nated and work is easily carried on. 

The fan supplying the blast to the forges is 
placed overhead upon the roof trusses, and the blast 
pipe is carried along one wall of the building; from 
this main, branches are taken to the various forges. 
For the rivetting fires rubber hose is led off from 
a suitable coupling in the main to any point where 
it is convenient to have the hearths, 

3. Zhe New Erecting Shop.—This is the most com- 
plete and best arranged shop in the locomotive 
section of the works. ‘The illustrations, Figs. 3 to 6, 
show respectively a longitudinal section, plan, and 
two cross sections of the building. 

The shop is 350 ft. long by 63 ft. 3in. wide, and 
there are three lines of rails running from end to 
end of the building, the side tracks being used for 
repairs, There is ample room for seven engines on 
each track, and in case of emergency nine could be 
placed upon them. 

For facility in handling the work there are in this 
shop two overhead travelling cranes, each of 25 tons 
os They run upon rails placed along each 
side of the building, at a sufficient height above the 
ground, and 59 ft. apart. Each crane consists of 
two plate-iron girders weighing together 18 tons, and 
carrying at their ends the frame and wheels with 
which they run upon the rails. Upon rails laid 
on the tops of these girders travelling cranes run to 
and fro, The cranes are driven by a cotton rope 
travelling at the rate of 5074 ft. per minute, and the 
power is applied by the pressure of this running 
rope upon grooved wheels, on the shaft of which are 
worms working into wormwheels, and thence to re- 
ducing gear. The slack in the travelling rope is 
taken up, and all variations due to temperature or 
other causes is compensated by running the rope 
over a grooved pulley, the shaft of which is movable 
and controlled by a regulating weight. The crane 
travels longitudinally at the rate of 50 ft. per 
minute, and the crabs at 30ft. per minute, There 
are two hoisting speeds, the quick being 81 ft. 
per minute, and the slow 15 ft. per minute. Figs. 7, 
8, and 9 show the mode of attaching an engine to 
the crane for the purpose of lifting and transfer- 


ring. 

Below the floor of this shop, on each side of the 
centre track, are deep pares pits extending the 
whole length of the building, and in these pits are 
stored the motion, cylinders, and other parts of 
engines, the boilers of which are sent to the boiler 





shop for repair, These pits are of such capacity 
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that wheels 5 ft. Gin. diameter can be stowed in 





ing cylinders, the stroke being 10in. Each set of 


them. They are also employed for warming the | cylinders is in line, and the smallest are in con- 
shop in winter, for which purpose steam radiators | nexion with an accumulator with 18 in. cylinder, and 
are placed in them, and the heated air rises through | loaded to 42,830 lb., equivalent to a pressure in the 


gratings formed in the timber coverings of the pits. 
A channel beneath the centre track conducts the 
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pipes of 168 lb. per square inch, The suction cylin- 
ders of the pump are employed to empty a well or 





HORSE-SHOE CURVE. 








square inch, being furnished from three stationary 
boilers. 

The shop is lighted at night by means of six 5 ft. 
reflectors, each with 2] burners: there is, besides, a 
gas bracket at each vice bench, which is placed in 
the recess formed by the arches carrying the over- 
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cold air from the outside into the pit, an opening 
being made for this purpose from the central chan- 
nel to the pits opposite each radiator. By this 
arrangement also the machinery thus stored is kept 
from rusting. 

Within the ~ a system of pipes is also laid in 
connexion with a Worthington pressure and force 
pomp, also placed below the floor level. The pump 

three sets of cylinders, viz., a set of steam 
cylinders 10in. in diameter, a set of 6}in. water 
suction cylinders, and a set of 34in. pressure forc- 
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PLAN OF LocomoTIvE SHops, ALTOONA. 


sumph into which the two rows of pumps drain, | 


they being below the level of the Altoona sewage 
system. 

This arrangement is employed for testing the 
boilers before they leave the shop by hydraulic 
poe the test rising to 150 Ib. per square inch. 

o effect this there is at the back end of each repair 
pit a hose connexion, by which the pipe from the 
accamulator can be coupled to the blow-off cock of 
the boiler. Or the boilers can be tested with steam 
through the same connexions, the steam at 125 lb. per 





head rails ; and inside the pits, along one side, is a 
line of gas piping with connexions at the place of 
each engine, to which a flexible hose and burner 
are attached, and may be carried about the engine 
or inside the boiler. 








Tue MuRRAY yer maple Jee om ee — 
that a great bridge which is being thrown over the 
Morey, one of the principal of the Australian rivers, is 
now sufficiently advanced to allow stone and other materials 
to be carried over the river. Steamers pass under the bridge 
with ample room. 
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“THE FORCE OF GRAVITY.” 
To THE EpITOR oF ENGINEERING. 

S1r,—The letter of your correspondent ‘‘ J. B.’’ in your 
issue of the 20th is interesting, as it gives evidence of re- 
flection on the subject dealt with, and I should like to say 
a few words in reply. Your correspondent in referring to 
my articles on “‘ The Origin of Motion,’’ published in your 
journal of last year, and also to a work of mine,* would 
appear to assume that I have specially recognised the 
gravitation the of Le Sage. I should like to explain 
that the main object of the articles and work referred to, 
was not so much to bring forward any special theory of 
gravity, as to point out the general importance of recognis- 
ing the functions of the ether in nature, and to put forward 
a deduction as to its constitution—alxo to indicate the im- 
portance of practically realising the fact following inevit- 
ably on the rejection of the theory of “action at a dis- 
tance,”’ viz., that an external physical agent must be looked 
to as the origin or source of ‘all the motions of matter, and 
that by the rejection of this theory of ‘‘ action at a dis- 
tance,’’ the great tenet of the indestructibility of motion 
inevitably presents itself for recognition. our corre- 
spondent appends some striking quotations from eminent 
authorities, illustrative of the fact that the theory of 
‘‘action at a distance’’ is being repudiated by the most 
advanced minds. Perhaps I may be allowed to give one 
additional quotation in support of this—and others might 
be given. Sir William Thomson in a paper ‘‘ On Atoms’’ 
(Nature, March 31, 1870), remarks as follows : 

** But the sphere of molecular action conveys no ve 
clear idea to the non-mathematical mind. The idea whic 
it conveys to the mathematical mind is in my opinion 
irredeemably false. For I have no faith whatever in at- 
tractions and repulsions acting at a distance between centres 
of force according to various laws.’’ 

Professor Challis truly states the case, as quoted by your 
correspondent: ‘To tell us that every species of things is 
endowed with an occult specific quality by which it acts and 
produces manifest effects, is to tell us nothing.’’ (This being 
also the sentiment of Newton.) 

The theory, indeed, assumes phenomena to be inexpli- 
cable. Take the phenomena of chemistry for example. 
What account does the theory give of the causes of the 
vast variety of motions and reactions observed? It cannot 
fail to be obvious to any one duly reflecting on the subject 
that the theory is a mere convenient subterfuge, which, 
however, is strongly to be deprecated, as it only serves to 
disguise the true cause, and to retard progress. The entire 
abandcnment of the theory being only a question of time, 
the more, therefore, is the occasion to look to and realise 
those numerous deductions which follow inevitably on its 
rejection, and to endeavour to confirm the truth of these 
deductions by observation. 

Your correspondent, in applying the gravitation theory of 
Le Sage and deducing the total numerical value in tons of 
the impulsive action on the earth tending to make it 
approach the sun, will, I think, observe that the wording 
of his letter would lead one to infer that the mean pressure 
of 18.09 tons per square inch (as deduced by him) was 
actually exerted against the surface of the earth, i.e., on 
the superficial layer of molecules on the earth’s surface ; 
whereas, according to Le Sage’s theory, the molecules are 
supposed to have open spaces in their structure, so that 
the stream of material particles producing gravity can 
penetrate into the interior of the earth, and act upon the 
internal molecules. ‘Thus the absolute pressure on the 
outer or superficial layer of molecules contained within a 
square inch of area would be very far from the above 
amount; indeed, infinitesimally small. Your correspondent 
appears himself to have partially rectified this by a sub- 
sequent remark. 

Next your correspondent assumes that the conditions 
under which the stream of particles of the medium act 
upon the earth (at rest) and produce the pressure of gravity 
are the same as the conditions when the earth (in motion) 
itself moves throngh the medium, or he compares the 
ywressures and computes the corresponding velocities of 
impact of the stream of particles in the two cases. This 
may be shown not to be strictly correct, as I think your 
correspondent will see on further considering the question. 
As is known, the pressure (of gravity) is due—in ac- 
cordance with Le Sage’s theory—to an excess of material 
particles striking the earth in the direction of the sun. . It 
is of course admitted that the resistance or pressure due to 
the movement of a mass through a medium whose particles 
are supposed at rest, is equal to the resistance due to the 
movement (conversely) of the medium at the same velocity 
past the stationary mass. But the resistance encountered 
by a body moving through a medium whose particles are 
in motion, is very different from that encountered when 
the particles are at rest. This is a practical de- 
duction applying to the now accepted kinetic theory 
of gases, and includes such cases as the resistance 
to projectiles in the air, &c. According to the theory 
of Le Sage, the streams of material particles strike 
against an isolated body in all directions, i.e., equally in 
front and rear. The same is true of a body immersed in 
a gas (according to the kinetic theory), so that the same 
reasoning applies to the kinetic theory of gases as to Le 
Sage’s theory, so that in dealing with one, we deal with 
the other. When a body is struck by two impinging 
streams of particles in front and rear, and the body is then 
moved, the particles in front receive an increment of 
velocity by the motion of the body. The particles in the 
rear, on the other hand, suffer an equal decrement of velo- 
city. The energy lost by the particles on the one hand 
will be more and more nearly equal to that gained on the 
other, the higher the velocity of the particles. When, 
therefore, the velocity of the particles is very high, the 
energy lost in rear of the body is practically equal to the 
energy gaincd in front, so that the two compensate each 


* Physics of the Ether, E. and F.N. Spon, London, 





other, and there is on the whole no work done, and there- 
fore no resistance encountered in moving the body through 
the medium. The velocity of the streams of material 
particles according to Le Sage’s wey may of course be 
quite reasonably very high, and thus the resistance to the 
motion of a planet imperceptible. The above principle is 
very important in its application to the accepted kinetic 
theory of gases. If therefore the ether be constituted 
pve A to the kinetic theory of gases (a deduction to 
ve been led), this would harmonise well with the 
known small resistance encountered by bodies in their 

assage through the ether. The resistance encountered 
_ projectiles in the air is known to be high, this being the 
natural consequence of the fact that the motion of the 
air molecules is relatively very slow ; being in some cases, 
as is known, even less than that of the projectile itself. 

It may be observed that the theory of Le Sage was only 
applied by him to gravity, and this theory es no pre- 
tence to account for the diverse movements and impulsions 
of molecules in close proximity, chemical reactions, &c. 
It is evident that as a matter of principle’ the motions de- 
veloped in molecules can be only referred to two conceivable 
causes : 1. To a movement of the external medium (in the 
form of streams or currents) acting on the molecules ; 2. 
Toa movement of the molecules themselves, disturbin 
the equilibrium of pressure of the external medium, an 
thus causing the molecules to be impelled towards or from 
each other, according as the pressure on the one side or the 
other predominates. The fact of the great diversity of the 
molecular effects (of chemical action, &c.) entirely excludes 
the idea that these effects are due to a motion of the 
external medium in the form of streams or currents; for 
streams or currents would affect one molecule much like 
another and could not possibly produce the diverse effects 
observed, impulsions in opposite directions, &c. The only 
remaining conclusion therefore is that these effects are due 
to a motion possessed by the molecules themselves, which 
motion being capable of diversity, could be — of pro- 
ducing diverse effects. The only motion which a molecule 
could possess so as to disturb the external medium, and 
yet the molecule not deviate from a given spot, is in principle 
a vibratory motion. . This motion is —_— of great 
diversity, "Poth in period and energy. This diversity is 
known to exist—and moreover vibrating bodies (in air) 
have been proved to be capable of causing movements of 
approach and recession. In view of these facts it has been 
my object to point out the great importance of Spe ame | 
the influence of the vibratory motion known to be possesse 
by the molecules of matter. Some further experiments on 
alternating impulsions in opposite directions by vibrating 
bodies may be found in a paper in Poggendorff’s Annalen for 
1876 (entitled ‘‘ Die akustische Anziehung und Abstos- 
sung’). Though we may in addition admit the existence 
of streams of matter according to Le Sage’s theory, it 
would nevertheless appear preferable if the phenomena of 
gravity could be correlated with the other phenomena of 
molecules, and therefore I have been inclined to refer it 
equally to a disturbance of the equilibrium of pressure of 
the ether attendant on the vibrations of molecules. As 
Newton has said, ‘‘ We are not to look to more causes for 
things than are both true and sufficient to account for 
their appearances.” 


which I 


Yours truly, 


April 24. S. Totver PREsTON. 








CENTRIFUGAL FORCE AND UNBALANCED 
FORCE, 
To THE EpIToR oF ENGINEERING. 

S1r,—In my last letter I endeavoured to show that the 
existence of unbalanced force was not necessarily incom- 
patible with the existence of centrifugal force — taking 
those terms in their common acceptation ; but I did not 
wish to defend the propriety of the expression, ‘‘ unba- 
lanced force,’’ nor to prove that centrifugal force does or 
does not act upon the revolving body, for it was not its 
action upon the revolving body that was in peril, but the 
very existence of the force itself ; indeed, it appears that 
some had gone so far as to say that it was buried long ago. 
Therefore, the shortest way to alleviate the anxiety of its 
friends was to show that no matter whether it acts upon 
the revolving body or not, its action upon the guiding rail 
is enough to prove that centrifugal force is still alive—and 
kicking. 

With regard to the expression “ unbalanced force,”’ 
we must, I think, admit that in the language of ‘‘ books of 
science,’’ the same word does not always mean exactly the 
same thing, and that if we try to confine the word ‘‘ force”’ 
to one single and definite meaning, we shall find some pro- 
positions stated which must be altered in form if we wish 
to escape absurd conclusions. 

If we consider the condition of a body which is acted 
upon by what is called an unbalanced force, we shall find, 
I think, that the force is really balanced or unbalanced 
according to the precise meaning we may attach to the 
words ‘‘ a force acting upon a body.” ‘ 

Asasimple example, let us suppose that a horizontal 
cylindrical shot of lead weighing 10 lb. is acted upon by a 
uniform forward pressure of 10 lb. exerted upon its base 
by the powder gas; and then, to begin with, we will sup- 
pose that an equal and — backward pressure is exerted 
upon the head of the shot by a catch or something. The 
shot is then said to be a bol acted upon by two equal and 
opposite forces which balance one another, and no motion 
or no change of motion takes place. 

Now let us remove the catch while the gas continues to 
act; and if itis true that the forces acting upon the shot 
did before balance each other, it seems difficult to assert that 
they do now. At all eventsit is certain that the condition 
of the body as to the forces acting upon it is changed, for 
one of the forces which did act does not now act; and of 
course a corresponding change has taken place in the body’s 
motion. These correlated changes are commonly described 





by saying that the forward force is now unbalanced, and 
that consequently the shot begins to acquire in each second a 
forward acceleration of 32 ft. per sec. If, then, it is the 
business of dynamics to trace the relations een force 
and motion, and if it is admitted that a change has taken 
place in the motion, it su eoncerns us to show that some 

has taken place in the forces acting upon the body ; 
and how are we to express the nature of that change if we 
8a; ow ie forces were before and are still 

n 

But Mr. Napier says that when we take away the back- 
ward force (of the catch) we do unknowingly replace it by 
another force of the same magnitude and direction ; he sees 
that as the shot did before exert a pressure of 
10 lb. upon the powder gas, so it does now ; and he asks 
in effect ‘“‘ How can the shot press backwards if it is not in 
its turn pressed backwards by an equal force ?’’ though he 
is unable to point to any direct evidence of the existence 
of sucha force. Of course the backward pressure upon 
the gas is a force acting wpon the gas, and what we want 
is not this force but an equal force acting backwards upon 
the shot—not necessarily upon its head but wpon the shot 
somewhere. Let us see if we can find it. Suppose 
the shot cut in two in the middle, the forward half weigh- 
ing 5 lb. and undergoing the acceleration of 32 ft. per sec. 
per sec. will of course exert a backward pressure of 5 Ib. 
upon the hinder half, so that here we have a backward 
force acting upon a part of the shot, but not equal to the 
forward force ; and if we take any number of sections we 
shall find a force which gradually increases from the head 
to the base, and by taking a section indefinitely close to the 
base we shall get a force which is only less than the for- 
ward force by an indefinitely small amount ; but it is clear 
that if we take the thinnest possible slice or the smallest 
conceivable particle in any part of the shot, so long as it 
isa — and not a mere point, the forces acting upon 
it ab extrdé will be unequal. 

The question then appears to be this: When we speak 
of a force acting upon a body, are we to think of it asa 
force having some definite magnitude independent of the mass 
of the body upon which it acts, and acting upon it ab extrd— 
orare we to think of 1t as growing up within the body in 
virtue of that very mass or ma‘ upon which it acts? 
Not merely as growing up in virtue of some particles behind 
and then acting upon other particles in front, but growing 
Bp in those identical particles upon which it is supposed to 

acting. 

If we take the former view we may assert that the pro- 
— is an unbalanced force—if the latter we may 

eny it. 

The case we have considered is of course analogous to 
that of a revolving body, but simpler. The centripetal 
acceleration of the revolving body is none the less real be- 
cause it does not get an inch nearer the centre. Mr. 
Napier asks why the unbalanced force does not make it 
** go,”’ but it must be strictly remembered that the effect 
of force is not to make bodies ‘‘go’’—there is no force 
required for that—but to change the pace of their going. 

Your correspondent “‘ C. G.’’ deduces an “‘ absurd result’’ 
from the proposition which he supposes me to advance that 
centrifugal force does not act upon the revolving body. 
But whether I advance that proposition or not, the result 
can hardly be stated in the terms used by ‘‘C. G.,”” who 
apparently uses ‘‘ gravity’? where according to books of 
science he should use “ weight,’’ so that the “‘ absurd 
result’? would amount to this—that the weight of a sup- 
en body does not act upon the body but upon its support. 

owever, it seems to have occurred to “‘ C. ." as no doubt 
it has to many others, that the force grows up in an accele- 
rated body just as the weight (I do not say the force of 
gravity) grows up in a heavy body at rest; indeed I have 
purposely chosen the rate of acceleration of the shot, so 
that the likeness may be at once recognised. Stand the 
shot on its base upon a table and look at the forces acting 
upon it anywhereand everywhere. 

“C. G.”’ says that if tte propelling force was an unbalanced 
force, so isthe upward pressure of the table. I do not see 
that he would gain anything by calling them both balanced 
forces. He can have it which way he likes; he has paid 
his money and he can take his choice. He says that the 
condition of the body as to the forces acting upon it is the 
same in both cases. Then suppose we say that in both 
cases the forces are balanced, just to please him. Still the 
condition which in one case was only consistent with! ac- 
celerated motion, appears in the other case to be consistent 
with a state of rest. This apparent anomaly is just the 
pry a we — by forces Fagan or ae 
and is not the result of calling the propelling ‘orce or the 
centripetal force an ‘‘ un ced force.’’ 

I have already trespassed too much upon your space, and 
should much like to see the matter treated by abler hands 
than mine, but I will ask one question in conclusion : What 
are we to say of that property of matter in virtue of which 
the shot exerted a pressure of 10 lb. upon the powder gas? 
Is it something entirely different from the property in 
virtue of which it exerts a pressure of 10 lb. upon the table, 
so that we should call one inertia and the other something 
else, or is it the same universal and essential property of 
matter, and that which makes matter matter ? 

Yours truly, 


Richmond, April 16. J. CLAXTON FIDLER. 








HYDRAULIC v. GAS ENGINES. 
To THE EprTor oF ENGINEERING. 

In the abstract of a paper “‘ On the Transmission of 
Motive Power to Distant Points,’’ given on page 210 of the 
present volume of ENGINEERING, there is one mode of 
obtaining motive power rendered very conspicuous by its 
absence. I need scarcely say I mean “ gas,’’ or rather a 
mixture of coal gas and air. _ 

As the paper was meant to describe and give prominence 
to the application of hydraulic pressure mains to large 
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towns, a description of any method of obtaining motive 
power by gas was not to be looked for, but as “‘ compressed 
air’ and “‘ wire ropes”’ are mentioned, it appears strange 
that no mention whatever is made of gas, which is more ex- 
tensively used than either of the above systems, and is 
moreover the only system that can vie with hydraulic 
power in general applicability, safety, readiness, handiness, 
and in not requiri skilled attendance, whilst it far 
surpasses the hydraulic system in economy. 

I will, therefore, be glad if you will allow me to use this 
omission in the abstract of the paper as a peg upon which 
to hang a discussion of the respective merits of hydraulic 
and gas engines, for cranes, hoists, and intermittent work 
in general in towns. 

hilst agreeing with the conclusion come to in the paper 
that the hydraulic system is the best, generally s ing, 
for dock work, and for cranes at docks, quays, wharves, 
and railway warehouses, and that compressed air is best 
adapted for working underground, and for a fewspecial cases 
above ground, I certainly think the author is in error in 
following the example of more than one eminent engineer 
during the last few months, in altogether ignoring gas as 
a motive power, or assigning it a place beside gunpowder 
and dynamite. 

Comparing the hydraulic system with the use of gas 
engines, since in every town, in this country at least, gas 
is brought to our doors, nothing need be said ofits general 
applicability ; as to readiness and handiness, in order to 
start a waterengine you have only to turn one or two 
handles, and in order to start a gas engine you have only to 
turn a handle, apply a lighted match, and either turn a 
flywheel or pull down a lever, so that either the water or 
gas engine can be started at a moment’s notice and give 
out its full power at once. I grant, however, that a 
hydraulic engine has a slight advantage in readiness when 
the water is not frozen. 

As to safety, the presence of a gas engine in the middle 
of a joiner’s shop, surrounded by shavings, or in the midst 
of the costly contents of a ‘‘ Manchester’’ warehouse, does 
not affect the ordinary rate of insurance any more than the 
presence of a water engine, and in so far the gas engine has 
a great advantage over a steam engine with its accompany- 
ing boiler. 

When we come to consider the relative economy of gas 
and water pressureffrom an accumulator for lifting and 
hoisting, the result in towns is entirely in favour of the 
former, water being from 500 to 1000 per cent. dearer than 
gas. Taking the figures in the paper, we have the rate for 
water power at-}d. for 1 ton lifted 40 ft. high. Nowthere 
are many gas engines working at the rate of $d. for 7 tons 
lifted 49 ft. high. Or taking the other figures given, we 
have for water power a mean of 1.22 pence for 100 foot- 
tons. Ina gas engine developing one horse power at the 
brake at a guaranteed consumption of one pennyworth of 
gas an hour with gasat 4s. per 1000 ft., after allowing for 
interest and depreciation, and taking the efficiency of the 
power through the crab or hoist at 0.65, we have 100 foot- 
tons at a cost of 0.17 pence with gas against 1.22 pence 
with water, hence we find that water power, taking the 
figures of its own advocates, is 1200 per cent. dearer 
than gas. 

This should be sufficient to show that for the 
of users of sntall motive power, there is nothing to be 

ined in economy in having pressure mains laid down 
for working hydraulic engines, when gas can be used in- 
stead. 

When we come to water engines worked off the town 
mains or from cisterns (without the assistance of an accu- 
mulator) where the water is supplied on the intermittent 
system as in London, we shall find the balance of economy 
still more in favour of gas. 

For want of a better rule, I have made the following for 
finding the cost of water power. As water is usuall 
supplied at so much per 1000 gallons, and as the cost will 
vary inversely as the pressure, we have: 

Cost in pence per theoretical horse power per hour= 

price in pence of 1000 gallons x 85 


ressure in pounds per sq. in. 





Pp 
If we take .85 as the efficiency of the engine, we shal! 
have the Price * 100 _ cost in pence per actual horse power 
pressure 


per hour, an easy rule to remember and apply. But as 
there is a great waste in water engines when running light, 
especially in those which act as their own meters and 
register as much water used when doing no useful work as 
when exerting their full power, the efficiency should rather 
be taken at .50 than at .85, when the coefficient will be 170. 
In London, we cannot reckon upon having over 40 |b. 
pressure in the mains, which I find to be the fighest daily 
pressure in the main at the level of the floor of the vaults 
under St. Paul’s (where there is a water engine worked 
direct from the main), and which may be taken as the 
pressure in the city generally. Taking the price of the New 
River water in the city at 15 pence per 1000 gallons, the 
pressure at 40 1b. and the efficiency at .50, we have for the 
cost of one horse power per hour in the city . 
15x 200 <= 683 pence ; 

40 Ib. is, however, too high a pressure to assume for private 
consumers, as the New River Water Company do not sell 
water to be used direct from the main, except ina few 
cases for Government and other public buildings. 

Coming now to the cost of using gas with the best de- 
scription of gas engines, which are extensively used, we 
have as a rule: cost per horse power per hour= 

price in pence per 1000 ft. 
73 ° 


Now, taking the price at 3s. 9d. per 1000 ft. we have 1d. 
as the cost of one horse power per hour, showing that water 
engines fed from the town supply in the city of London 
cost in working about 6300 per cent. more than gas. 





pmenl run | perf 





It is, therefore, not surprising that it costs 3s. an hour 
to do work with a turbine in London which can be better 
done for $d. an hour by gas. 

As all water companies are not so fortunate as the New 
River Company in getting 1s. 3d. per 1000 ons, we 
must alter the result above found to suit the price of water 
in various towns. An average price is 6d. per 1000 gallons. 
This still makes water power over 2000 per cent. dearer 
than gas, taking the available pressure at 40lb. and the 
efficiency of the engine at .50. 

For those who prefer water power for hoisting and other 
work, by far the cheapest way of using the water is to 
have a tank holding a few thousand ps te and an accu- 
mulator which can be most cheaply pumped up by a gas 


engine. 

in the face of these facts it will naturally be asked, why 
gas engines are persistently ignored or overlooked by en- 
— The a meg are H 

1. The prejudice found amongst engineers against 
engines in general, because they have been deatedintedl to 
the Lenoir and Hugon gas engines and in others of similar 
type, which were wrong in principle because it was at- 
tempted to get a regular motion of a crank and flywheel 
from the sudden expansion of gases in the cylinder, in 
the same way that the regular rotary motion is obtained 
by the sustained pressure behind a steam piston. 

2. The prejudice of engineers against what they have 
either not taken the pains, or have not had the opportunity, 
to understand. 

3. The prejudice against the improved gas engines which, 
although right in principle for utilising the energy of the 
sudden expansion of the exploded gases, offend the eye of a 
steam engineer by the intermittent motion of the piston. 
The faults of these engines are only on the surface, whilst 
their merits are much deeper seated and are worth 
mastering. 

4. The noise which gas engines of the best class hitherto 
make in working. This objection has, however, been 
overcome in the gas engine of the future, which is as 
noiseless as a steam engine. 

5. The limited size up to which gas engines could 
hitherto be made. This objection has been overcome, and 
gas engines can now be made up to 20 horse power. 

6. The fact that machine makers and others who sup- 
plied engines, find it more to their interest to recommend 
steam engines before all others, simply because, owing to 
the competition amongst steam engine makers, a larger 
commission can be obtained than with a gas engine. 

116, Queen Victoria-street, E.C. Rosperr WILSON. 


THE PROPER CIRCULATION IN BOILERS. 
To THE EDITOR oF ENGINEERING. 

Str,—I think the correspondence relating to the proper 
circulation of water in boilers is not taken up a day too soon. 
I quite agree with the greater part of what your corre- 
ae say about the importance of the subject ; in fact, 
there is no subject of more importance from an engineering 
point of view than the production of steam at high pressures. 
Prior to the introduction of the compound engine, engineers 
gave but little attention to the design and constraction of 
the boiler compared with the energy and skill displayed in 
ecting the ine. Since steam pressures have been 
increased, the boiler is now generally admitted to be the 
weaker vessel, requiring careful designing and still more 
careful construction, to say nothing about more careful 
nursing. It is the keystone to future efficiency in the pro- 
duction of motive power. Engineers may go on addi 
complicated cut-off valve gear and valves, jackets to the 
cylinder and covers, &c., in order to extract the last per- 
centage of efficiency ; but what has been done to raise the 
efficiency of the boiler? Can it be shown the tubular 
boiler has added 5 per cent. to its evaporation efficiency 
since its first introduction 35 years ago? Or can one engi- 
neer out of ten inform us how many pounds of water a 
marine boiler evaporates per pound of coal? We may 
thus go on asking questions, but they only tend to show, 
that while we know much about the engine, our knowledge 
of the boiler has been left out in the cold. 

The water tube or tubulous type of boilers is now begin- 
ing to take its stand among the steam generators of the 
day, and if yo wey are ignorant of the principles con- 
cerning the tubular, they are much more so with that of 
the tubulous; for whatever knowledge we possess of the 
former we require it all and much more to render the latter 
asuccess. I endeavoured to throw some light on this sub- 
ject in a paper to the Liverpool Polytechnic Society, and 
which appeared in ENGINEERING some three years ago. 
In this paper I laid down rules on which these boilers 
ought to be constructed, and all that I have had constructed 
since are in accordance with those rules. Their subse- 
quent working and the results obtained have fully borne 
out and established the correctness of these rules. I was 
at some pains in the paper to show how erroneous it would 
be to place the tubes of a water-tube boiler in a vertical 
position, I am still of the same opinion, and therefore op- 
posed to Mr. Rowan’s assertion when he says, “ Such a 
construction is sound in principle and no other is.’”’ I am 
much amused with Mr. Rowan’s challenge, and I again 
assert that water-tube boilers composed chiefly of vertical 
tubes, fail to fulfil the conditions required of an efficient 
water-tube boiler. 








Yours very truly, 
JoHN WATT. 
174, Cleveland-street, Birkenhead, April 25, 1877. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Great Northern Coal Rates to London.—Some weeks 
ago an influential deputation of South Yorkshire coal- 
owners had an interview with the directors of the Great 
Northern Railway Company, on the subject of the rates 
charged for the carriage of coal from the South Yorkshire 








coalfield to London. The directors promised the matter 
their careful consideration, but have since replied that it 
is not ible at present for them to go beyond the reduc- 
tion of sixpence ton made on March 12th. The coal- 
owners are considerably dissatisfied at this result. 


The Southgate New Colliery, Clowne.—On Wednesday 
last a dinner was given to those who have for two years been 
oes inking the new Southgate Colliery, at Clowne, 

onging to the Shireoaks Colliery Company, in celebration 
of a seam of coal 5 ft. 4in. thick having been reached ata 


depth of 330 . The coal issaid to be very good and 
free from or ™ 

Ches ld Sewage Scheme.—Last week an inquiry was 
held at Chesterfield by Mr. R. Morgan, C.E., a Local 


Government Board Inspector, in reference to a petition 
presented by the urban sanitary authority, asking for a 

rovisional order to take certain lands for sewage purposes. 

hese lands ure near Stonegravels, and comprise 60 acres 
required for the sewage farm in connexion with the 
drainage, &c., scheme, to cost about 25,0001. In support 
of the proposal it was stated that the whole of the drainage 
of the town fell into two rivers, the Hipper and the Rother, 
which also received the drainage of other townships. This 
system of sewage was very bad, and had become such a 
nuisance that the owners of the Chesterfield and Gains- 
borough Canal (the Manchester, Sheffield, and Lincolnshire 
Railway Company) had obtained an injunction against the 
roomie By the new scheme it was proposed that the 
sewage should be disposed of by intermittent downward 
filtration, coupled with a sewage farm. The Brampton 
Local Board approved of, and were petpense to join in the 
scheme, which was opposed by the Newbold Local Board, 
because they had been in treaty for the same land. Evi- 
dence was given showing that the acquisition of this 
particular land was absolutely necessary for Chesterfield, 
whereas the Newbold Board might obtain land further 
down the Rother Vale for their purpose. 


Kelham Rolling Mills Company (Limited).—The fifth 
annual report of the directors of this company alludes to 
the depression of trade, but shows a satisfactory amount of 
clear profit on the year’s working. The plant and ma- 
chinery have been maintained in good working order in all 
departments, and several additions and alterations have 
been made out of revenue. 








NOTES FROM THE SOUTH-WEST. 
The Severn Tunnel. —It is stated that the contracts 
for the Severn Tunnel are to be at once given out, and that 
no time is to be lost in proceeding with the work. 


South Wales Coal and Iron Exports.—The South Wales 
coal exports for March, 1877, were — in excess of 
those for March, 1876. The exports of coal to foreign 
ports last month from Cardiff reached 316,635 tons; the 
foreign coal exports for March, 1876, were 199,504 tons. 
From Newport the By of coal shipped to foreign 
ports amounted to 58,712 tons; for March, 1876, the 
quantity was 54,873 tons. From Swansea, the quantity of 
coal exports to forei rts last month was 54,432 tons ; 
the quantity for Mare , 1876, being 54,907 tons. The 
quantity of railway iron sent from Cardiff last month was 
4097 tons; the quantity sent from Newport was 10,093 
tons. Kurrachee, i, and Madras absorbed nearly 
all the iron rails expo from South Wales last month. 


Double-Bottomed Turret Ships.—An order has been re- 
ceived at Devonport that all double-bottomed turret ships 
of the Gorgon and Hecate class shall invariably be taken 
into dock for examination once during the year. 


ARGENTINE RepuBLIc.—At the commencement of 1877, 
there were 5339 miles of telegraph line in operation in the 
Argentine Republic, and 10,029 miles of telegraphic wire 
were comprised in this line mileage. The national Go- 
vernment lines, including military telegraphs, figured in 
the general totals for 3249 miles of line and 6380 miles of 
wire. The national? lines include 100 miles of military ° 
telegraphs south of Buenos Ayres[from Azul to Carbue, 
under the direct management of the War] Department ; 
also a cable to the fortified island of Martin Garcia, and 
various tel: phs leased to the contractorsof Government . 
railways. The national direction of telegraphs was merged 
in%the Post Office Department in April, 1876. During the 
last three years, the telegraphic network of the Argentine 
Republic has been increased to the extent of 1193 miles of 
line and 1970 miles of wire. During the last eight years the 
work of telegraph construction has advanced in the Argen- 
tine Republic at the average rate of 600 miles per annum. 











WispecH—Tue Dock Question.—A special meetin 
of the town council was held on Friday. The Doc 
Committee’s report recommended, in order to remove the 
groundless fears of the opponents of the Bill, that a com- 
mittee should seek an interview with the Duke of Bedford 
and other persons and bodies interested in the Nene 
between Peterborough and the sea, and ascertain their 
views upon the subject. The Port and Harbour Committee 
recommended the appointment of the Dock Committee 
with full powers to arrange with any opposing interest and 
to prepare a-Bill to submit to the council. The mayor 
moved, Alderman Hampson seconded, and it was unani- 
mously resolved that renewed efforts be made to secure 
dock accommodation at Wisbech by promoting another Bill 
in Parliament next session, and in the meantime to consult 
the opposing interests with a view to their concurrence in 
such a measure. The report of Mr. Abernethy, C.E., to 
the town council upon the formation of a dock, is to be 
printed and circulated among supporters and opponents of 
the Bill, with the view of drawing their attention to the im- 
portance of executing works which are absolutely neces- 
sary not only for providing floating water for Wisbech, 
but for maintaining the safety of a vast quantity of land 





drained by the Nene. 
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DOUBLE-BOGIE LOCOMOTIVE (FAIRLIE’'S SYSTEM) FOR THE 3-FT. GAUGE. 
CONSTRUCTED BY MR, WILLIAM MASON, ENGINEER, MASS., U.S.A. 
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Tue two-page engraving which we publish this 
week, as well as the other illustrations on the present 
and opposite pages, and on page 334, represent an 
engine exhibited in the late Centennial Exhibition 
at Philadelphia, and which during the Exhibition 
was at work on the narrow (3 ft.) gauge road on the 
grounds hauling trains of passenger cars. The 
engine—which was built by Mr. William Mason, 
of Taunton, Massachusetts—it will be observed is 
constructed on the plan which has so long been 
advocated by Mr. Robert F. Fairlie, that is, the engine, 
fuel, and water are all carried in two bogies. Only 
one of the trucks of the engine we illustrate and are 
describing is, however, provided with cylinders, and 
is employed for tractive purposes, the hind truck 
having carrying wheels only. The engine, too, has 
only a single boiler instead of one with a central fire- 
box and two barrels such as are usually employed 
by Mr. Fairlie in his designs. We say usually 
employed, because Mr. Fairlie has built several 
engines on substantially the same general plan as 
that now illustrated, that is, with a single 
boiler and one driving bogie. The engine under 
notice, however, differs from Fairlie locomotives we 
have described on previous occasions in the fact that 
many of its details have been modified to accord 
with American practice. 

From the engravings it will be seen that the boiler 
is provided with a large hollow centre or bedplate 
CC (see the longitudinal section on our two-page 
engraving) rivetted to the barrel, and which rests 
on a corresponding plate on the driving truck. The 
steam pipe is carried through the front tube-plate 
in the ordinary way, and then down through the 
bottom of the smokebox, where it is attached to a horizontal 
pipe A, which connects the vertical pipe B in the smokebox 
with the hollow bedplate CC. To the centre of this bed- 


plate a vertical pipe D is connected by a ball-and-socket | 


joint, and also a stuffing-box. This pipe is attached to 


another horizontal pipe E, the front end of which is con- | 


nected by branch pipes with the cylinder. The ball and 
socket joint and the stuffing-box in the centre of the bed- 
plate enable the pipe E to move with the bogie. In this 
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way the requisite flexibility of the steam pipes is obtained 
by the use of only one movable joint. This is an arrange- 
ment which was designed by Mr. Fairlie same time ago ; 
we do not, however, for some reasons, like it so well as 
that adopted on his later engines built on this side of the 
Atlantic. 

The exhaust pipe F is bolted to the cylinder bedplate. 
To the under side of the smokebox a casting G G (shown 
also in the transverse section through the cylinders in 





Thrvugh Gntre oo Ferward Drover . 
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Through Centre of Cylinder . 





Fig. 4) is rivetted, this casting having a plane 
surface on its under side with an opening large 
enough to admit the exhaust pipe and long enough 
transversely to allow itto move with the bogie. To 
the exhaust pipe a flat plate is attached, which is 
pressed against the under side of the casting G G 
by a spring H. The exhaust pipe, of course, moves 
with the bogie, and the plate with the pipe, so that 
the transverse opening in the casting G G is kept 
covered by this plate; what is called in America 
the petticoat or convey pipe I is made somewhat 
oblong at its lower end to accommodate the transverse 
movement of the blast pipe. With this arrangement 
it is important that the transverse movement of 
the bogie in relation to the boiler should be in a 
horizontal line. For this reason Mr. Mason has 
connected the boiler to the truck by a sort of 
pendulum lever J J, as shown in Figs. 1 and 7. 
The upper end of this pendulum lever is attached 
to the boiler by a pin, so that it can move crosswise 
of the engine. Near the lower end it rests on a 
sort of rocker K L, the upper end, K, of which is 
attached to the bogie. The lower end of the pen- 
dulum has a slot in it, which a pin J works. This 
arrangement forms in reality a parallel motion, so 
that the truck in moving laterally on the bearings 
K and L move in a horizontal line, and thus keeps 
the exhaust pipe joints tight. This arrangement, 
which is rendered necessary by the mode of con- 
necting the steam and exhaust pipes, is ingenious, 
but it interferes with the free movement of the 
bogie and prevents it from moving on its centre in 
a vertical plane, and for this reason we cannot 
consider that in this respect Mr. Mason has im- 
proved on Mr. Fairlie’s designs. At the back end of the 
bogie frame is a guide or stop M, which prevents the 
boiler from separating from the bogie in case of getting 
off the track, and thus breaking the steam pipe joint in 
the centre of the bogie. The principal details, excepting 
the valve gear, are all of the American type. The 
bogie frame is made of solid bars nearly square in 
section. The bogie wheels are chilled cast iron, and the 
driving wheels have cast-iron centres with steel tyres. 
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DETAILS OF DOUBLE-BOGIE LOCOMOTIVE (FAIRLIE’S PATENT) FOR THE 3-FT. GAUGE, 


CONSTRUCTED BY MR. WILLIAM MASON, ENGINEER, TAUNTON, U.S.A. 


Fig. $. 





The valve gear is of the Walschaert type, and is shown 
very clearly in the detail views, Figs. 5 and 6, annexed, as 
well as in the general elevation of the engine on page 334. 
The main link N, whichis worked from a crank on the main 
crank-pin, is, it will be noticed, several inches outside of 
the centre line of the cylinder. In order to be able to 
keep the centre line of the valve seats inside of the centre 
of the cylinder, the lever PO which is worked from the 
crosshead, and to which the radius arm N P is coupled, 
is connected to a block Q, which is bolted to a guide bar 
RS, which works in two guides Rand 8S. The guide- 
bar is a flat and wide bar, as shown in the plan, the 
lever P O is connected to the outside of the block Q, and 
the valve stem I is attached to it on the inside. By this 
means the motion of the lever P O is transferred to the 
centre of the valve stem and valve seat, which is 34 in. 
inside of the centre of cylinder. 

As the point of suspension of the radius arm N P has 
a very great influence on the motion of the valve, the 
upper end of the link U V, to which the radius arm is 
hung, is attached to a block which works in the slot of a 
stationary link or guide W. By this means the point of 
suspension U conforms to the curve of the slot, and thus 
effects at least an approximately uniform distribution of 
steam to each end of the cylinders. 

As the valve gear is attached to the hogie and the 
reversing gear to the boiler it is necessary to make some 
provision for accommodating the vibratory action of the 
bogie in relation to the boiler. For this reason the re- 
versing shaft is attached to the top of the boiler, as shown 
in the cross section Fig. 4, and the arm at each end of the 
shaft is connected with the corresponding block U and 
link U V by a long link, which permits the longitudinal 
movement of the point U without sensibly affecting the 
vertical position of the block U in the guide W. As the 
latter is attached to the bogie frame which moves in an 
are of a circle about its centre pin, there is a slight twist- 
ing motion imparted to the suspension links, which is 
provided for by ball joints at their upper ends. 

It may be added that the frame which extends back- 
ward from the firebox, and on which the water tank and 
footboard rest, is made of flat bars which are bolted to 
the sides of the firebox and do not extend in front of the 
latter. As the centre plateto which the bogie is attached 
is bolted to the boiler, there is no connexion between the 











back frames and the truck excepting that which the 
boiler itself provides. Mr. Mason has adopted this plan 
for the smaller-sized Fairlie engines built by him, but for 
the larger engines the frames extend forward far 
enough to be attached to the centre plate. Mr. Fairlie, on 
the other hand, has for some years connected the two 
bogies of all his engines built under his immediate super- 
vision—both large and small—by a carrier frame, so as 
to relieve the boiler of strain, and we think that he is 
perfectly right in adopting this course. 

The constructive details of the hind truck of the loco- 
motive under notice are clearly shown by Figs. 1, 2, and 
8, while for the principal dimensions of the engine we 
must refer to the table of particulars annexed to our two- 
plate engraving. 

The engine we have described was at work all last 
summer on the road inside the Exhibition grounds haul- 
ing passenger trains. As the road was composed almost 
entirely of sharp curves and had several very steep grades, 
and the trains were often heavily loaded, the service 
was exceptionally hard. This work it performed very 
satisfactorily, and at the end of the Exhibition it was in 
almost as good condition as when it commeneed running. 





THE EAST RIVER BRIDGE. 


Tue engravings which we publish on page 331 will give 
an idea of the progress of the work upon the East River 
Bridge, New York. After the first cables had been laid 
across from tower to tower, stages or cradles 48 ft. long 
were attached to them in such a position, that when the 
main cables are being laid, they will be within easy reach 
of the men employed in arranging the wires. The cradles 
are of oak, braced with wire, and are made as open as 
possible so as to offer less resistance to the wind. Access 
to the stages is obtained by means of the temporary foot 
bridge shown in the engraving. This platform is con- 
structed as in Figs. 2,8, and 4, of oak strips 3 in. wide 
and 1} in. thick, laid directly upon the cables, and held 
together by oak longitudinals 3 in. wide by 1} in.“ At 
intervals bent bolts pass through the longitudinals, and 
round the cables, being secured by nuts to cross top 

lates as shown. This structure was laid in 12 ft. lengths. 
Besides its attachment to the cables, it is secured by wind 





ae, 

















ties as shown, a very necessary precaution to check its 
oscillation in the exposed situation it occupies, 210 ft. 
above the river. The chief span is 1620 ft. 








THE INSTITUTION OF CIVIL ENGINEERS, 
Borin@ FOR COAL AT SCARLE. 

Ar the nineteenth ordinary meeting of the present 
session of the Institution of Civil Engineers, held on 
Tuesday, the 24th of April, Mr. George Robert Stephen- 
son, President, in the chair, the first paper read was ‘‘ On 
a Deep Boring for Coal at Scarle, Lincoinshire,”” by Pro- 
fessor Edward Hull, F.R.S. 

This boring was commenced about four gow ago by a 
local company, to test the presence of coal in the neigh- 
bourhood of Lincoln—Mr. J. T. Boot, of Mansfield, bein 
the engineer—and had been carried out by the Dhesal 
Rock Boring Company. The total depth attained was 
2030 ft. ; but as this depth was insufficient for the object 
in view, it was desirable that the borehole should be 
carried further down. The following formations; with 
their approximate thicknesses, had been passed through : 


Depths. Thickness. 
ft. ft. 
Alluvial strata Nes die lto 10 10 
Lower lias clay and lime- 
stone san te a we lp” 65 
Rheetic beds ae Le oy EE 66 
New red marl and sand- 
stone 4 ond ee 141 ,, 1500 1359 


Permian beds ane ... 1500 ,, 1900 400 
Carboniferous strata ... 1900 ,, 2030 130 
Although the carboniferous strata had been reached, the 
cores brought up were of so peculiar a character as to leave 
it uncertain to what portion of the carboniferous formation 
they belonged ; and, as the question of the eastward exten- 
sion of the Yorkshire coalfield was one on which a boring 
at this spot was calculated to throw much light, it was 
important, both in an economic and in a scientific point of 
view, that it should be continued, until something definite 
had been determined. 
Street TRAMWAYS. 
The second paper read was on “‘ Street Tramways,” by 
Mr. Robinson Souttar. 
Portland cement concrete formed the best foundation for 
a tramway, but care must be taken to give it time to set 
before laying and paving the lines. Where the work had 
to be hurried bituminous concrete was preferable. Rect- 
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angular cross sleepers injured the concrete by their vibra- 
tion, but if they had slightly bevelled sides, this objection 
would be overcome. Tramways with cast-iron vearings 
had been constructed in this country t6 a limited extent, 
but timber was preferable as the jarring was diminished, 
and the travelling was rendered noiseless and agreeable. 
The life of the rail was also probably increased, and the 
concrete was saved from injury. Flat ved rails, spiked 
through the groove, were first used, but the spike-heads 
wore so quickly that it was necessary to adopt a side fasten- 
ing, and flanges were added to the rail, with holes into 
which clips were driven. The objection to this rail was 
that the Setenene projected and kept paving stones away 
from it. The author had introdu a rail, the flanges of 
which were brought in beneath the thickness of the clip, 
so that the clip could be driven flush with the rail. The pav- 
ing of a tramway was expensive, but indispensable, as with- 
out such protection the rails would be shaken loose, forced 
out of gauge, and worn quickly. A row of paving stones on 
each side of the rail, with macadam between, was unsatis- 
factory, as it could not be kept in repair, so that the horses 
were lamed by running on an uneven roadway. Experi- 
ments had been made with wood, concrete, and asphalte 
paving ; but the wear along the sides of the rails was so 
great that nothing would endure but stone. An impervious 
pavement was of special value on a tramway, as it prevented 
the water sinking alongside the rails. Cast-iron crossings 
wore out so quickly, that it was better to lay the rails 
throughout with all necessary curves, and then having 
marked the places where the rails crossed, the crossings 
should be made by scarfing the rail and laying the scarfed 
rail on the continuous timber, while the scarfed timber was 
bridged by the continuous rail. The wear of points was 
chiefly confined to a portion about 2ft. long. By the 
insertion of a changeable piece, bevelled in front and 
secured by a pin behind, this portion of the points might 
be renewed, at a trifling cost, without the point having to 
be taken up. A system had been adopted in several pro- 
vincial towns in which the rail was supported on cast-iron 
chairs placed 3ft. apart. In Manchester, an experiment 
was to be tried by constructing the tramways with a con- 
tinuous cast-iron bearing. Though abroad, where timber 
would be subject to the ravages of insects, iron tramways 
might be the only alternative, no advantage would be 
gained by laying them in this country. 

The tendency of recent legislation had encouraged engi- 
neers to turn their attention to the important question of 
mechanical motive power for tramways. The difficulties to 
be surmounted were numerous. The tramway engines 
hitherto experimented with, at all successfully, had been of 
three kinds. 1. Steam engine and car in one, as Grantham’s. 
2. Steam engine separate from car, as Merryweather’s and 
Hughes’s. 3. Pneumatic car and engine in one, as Scott 
Moncrieff’s and Mékarski’s. There-was a difference of 
opinion as to whether it was more desirable to have the 
engine and car combined or separate. The combined engine 
had the advantage in adhesion, in passing round curves and 

‘in shunting ; while the detached engine entailed less 
alteration to rolling stock, permitted of twe cars being 
attached on occasions, was safer for passengers, and more 
easily repaired. The latter could also be designed with 
greater freedom, and where steam was used no doubt the 
detached engine would be generally adopted. The Grantham 
car could be driven and stopped with perfect ease. It 
rejuired a stoker, and the smoke and steam which issued 
from it were objectionable. Messrs. Merryweather had 
many engines at work, chiefly on the Continent. They 
were well under control, and an engine drew forty-eight 
passengers on various ascending gradients up to 1 in 35. 
‘The exhaust steam was got rid of by decomposition, con- 
densation, and superheating. Messrs. Henry Hughes and 
Co. had achieved a good deal of success with their engine. 
The exhaust steam was disposed of by condensation. The 
firing of the engine was completed before it started on a 
journey ; thus much nuisance was saved, and a stoker was 
dispersed with. On the level, and on gradients up to 1 in 
30, engines could do all that was necessary ; but the engine 
had yet to be designed that would stop and start again, 
with a heavy car behind it, on any steeper inclination, 
without trouble and delay. A pneumatic car, designed by 
Mr. Scott Moncrieff, had been at work on the Vale of Clyde 
tramways. It was capable of carrying 100 cubic feet of 
air, ata pressure of 350 lb. on the square inch. Consider- 
ing that everything connected with this car was of a rough 
and temporary character, the success attained was encourag- 
ing. M. Mékarski, of Paris, had invented an engine driven 
by compressed air, heated before admission into the 
cylinders, by being led through a hot-water vessel. It was 
not easy at present to make any reliable comparison between 
the relative cost of horse and steam power on tramways. 
If attempted it was likely to err in favour of steam. Where 
steam could be introduced there would be a saving, but 
less than was generally expected. The repairs of the 
engines would be a serious matter, and the engine fitters 
and drivers would require high wages. 

The tramway carriages built by Messrs. John Stephen- 
son and Co., for the New York and Harlem-street Rail- 
way, in 1832, had the form of ordinary road coaches. Lea- 
ther springs were first used, then steel, and now india- 
rubber. The best wheels for tramway cars were cast-iron 
waved plate wheels, such as were manufactured by the 
Lobdell Company. These permitted the outside rim to be 
sufficiently chilled, while the centre portion was not left in 
tension. Chilled cast-iron wheels would not last more 
than from ten to fifteen months in England, but in Ame- 
rica they lasted longer, as there was no groove in the rail 
and the wheel bad freedom. Brakes should be of chilled 
cast iron and work on the flange, as it was necessary to 
wear that as rapidly as the tread, else the resistance would 
be increased and the rail split. 

Accompanying the paper there was a statistical table 
showing the position and working expenses of various 
tramway companies. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change at Middlesbrough, but again 
the amount of business was com tively insignificant. 
Prices of pig iron were nominally the same as last week. 
The stocks of pig iron are heavy, and it is stated that some 
of the blast furnaces are to be blown out. Eastern affairs 
are now the absorbing topic. There are those who have 
held an opinion that war would result in improving trade. 
How that desired end is to be eo is not very 
clear at present to the people generally in this district. 
Meanwhile opinions differ and trade continues as depressed 
as ever it was. 

The Finished Iron Trade.—There is no alteration in 
this branch of industry. Many of the works are partially 
closed, others have been idle for months, and are likely to 
remain inoperative for many months to come. Rail orders 
cannot be obtained. If occasionally a rail contract is in 
the market it is hunted after, and it is soon apparent that 
os ~ rr power is enormously in excess of the 

emand. 


The Blast Furnacemen and their Wages.—The notices 
to the blast furnacemen in the North of England of a re- 
duction of 10 per cent. in their wages expired on ie. 
It was understood that as the reduction had been slightly 
modified there would be no resistance on the part of the 
men. At two or three of the works, however, the rs 
were sceptical, and took the precaution to damp down the 
blast furnaces. It was as well that this had been done, 
for certain sections of the men declined to accept the 
terms of the masters, and the blast furnaces were 
stopped. This suspension of iron making was to the 
masters collectively a positive aa owing to the 
over-production, but individually the different firms who 
had been driven to adopt that expensive method of con- 
vincing the men that they were in earnest felt aggrieved 
that they should be signalled out to fight a useless battle. 
Fortunately the struggle barely begun and was ended, the 
dissatisfied men returning to work on the masters’ terms. 

Engineering and Shipbuilding.—On the Tyne, Wear, 
and Tees, engineers and shipbuilders are fairly well em- 
ployed. It is anticipated that the unhappy state of 
affairs in the East will make these trades busier. 


The Coal and Coke Trades.—For all kinds of fuel there 
is a poor demand. Prices are low. In Northumberland, 
Durham, and Yorkshire, the pits are working badly and the 
pitmen are having bad times. 

Cleveland Institution of Engineers.—The fifth meeting 
of the session was held on Monday evening, April 23rd, in 
the hall of the Literary and Philosophical Society, Corpora- 
tion-road, Middlesbrough, Mr. Thomas Whitwell, Presi- 
dent, in the chair. After some slight discussion on the 
clauses of a petition against the Patents for Inventions Bill 
now before Parliament, the President invited criticism on 
what he had set before them in his address. A discussion 
thereupon ensued on the merits of the American bridges and 
locomotives, and the use of the natural gas im puddling. 
Mr. Stead’s paper was then submitted for discussion, but 
elicited few remarks from those present, the general im- 
pression, however, being very much in favour of Mr. Stead’s 
treatment of the subject, ‘‘ Phosphorus in Cleveland Ore 
and inIron.’”” Mr. Jeremiah Head then gave a very lucid 
verbal description of ‘‘an apparatus for upending heavy 
blooms,” and of a new squeezer. The proceedings then 
terminated. 


NOTES FROM THE NORTH. 
Guasaow, Wednesday. 

Glasgow Pig-Iron Market.—The market was firm on 
Thursday forenoon, when a good business was done in 
warrants at 53s. 104d. and 53s. 11d. one month fixed, clos- 
ing with buyers offering 53s. 10}d. cash and 53s. 11d. one 
month fixed, sellers asking 54s. Firmness was also the 
rule in the afternoon, with business done at 54s. one month 
fixed, sellers at the close 54s. 14d., buyers 54s. cash. On 
Friday the market was active, and a good business was 
done at a further increase of from 14d. to 3d. per ton, 
caused largely by a proposed increase on certain makers’ 
prices coming into effect. Business was done in the fore- 
noon at from 54s. 14d. to 54s. cash, and from 54s. 3d. to 
54s. 44d. one month, closing sellers at the higher prices. 
Buyers were more shy in the afternoon, and prices receded 
somewhat, sellers at the close asking 54s. 3d. one month 
and 54s. 2d. cash, buyers very near. In the course of the 
afternoon it was announced that the following advances in 
the prices of makers’ iron had been made: Coltness No. 1, 
1s. 6d. per ton ; No. 1 Gartsherrie and Calder, 1s. per ton ; 
No. 1 Eglinton and Dalmellington, and No. 3 Coltness, 6d. 
per ton. The market opened quiet on Monday forenoon, 
with sellers at 54s. 14d. cash to one month fixed done, but 
gradually improved to 54s. 4}d. one month fixed, sellers 
at the close asking 54s. 4d. cash, and buyers offering 54s. 3d. 
The afternoon market was steady at 54s. 44d. cash, closing 
buyers, and sellers at 54s. 6d. one month. During the 
afternoon the makers advanced the price of No. 1 Gart- 
sherrie and Glengarnock Is. per ton. There was a firm 
market yesterday forenoon, with business done in warrants 
at 54s. 2d. one month fixed to 54s. 6d. prompt cash, closing 
with sellers at 54s. 6d. or one month fixed, buyers 1d. per 
ton less. The market continued firm in the afternoon, and 
business was done at 54s. 6d. cash, closing buyers over, 
sellers 54s. 7d. Business opened in a strong market this 
forenoon at 54s. 7d. one month fixed, and improved to 
54s. 10d. cash and 54s. 10d. one month open, closing buyers 
54s. 73d. cash, sellers 54s. 9d. In the afternoon business 
was done at 54s. 10d. cash, sellers over, buyers 54s. 9d. 
During the last week or ten days there has been a larger 
amount of business doing, both for shipping and for home 











consumption ; and as the expectation that prices would go 
lower has not been realised, owing to the almost undoubted 
certainty of war, dealers have bought more ren | than for 
some time past. Up till Friday night the total stock of 
pig iron in Messrs. Connal and Co.’s warrant stores was 
128,710 tons, showing a decrease for the week of 4 tons. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 10,020 tons, as against 9490 tons in the corre- 
sponding week last year. There is no alteration to report 
regarding fhe number of blast furnaces in operation, the 
total still being 113 as against 118 at the same time last 
ear. Of late there have been very large imports of 
iddlesbrough pig iron into Scotland, owing to the very 
low price of the commodity. The increase for the present 
year over the imports of last year is already 16,232 tons. 


The Proposed Bridge at Torry.—At a special meeting of 
the town council of Aberdeen, held on Monday, this 
subject was again under consideration, the Land Company 
having intimated their determination to adhere to their 
former resolution to contribute 55001. towards the erection 
of the proposed bridge over the Dee to Torry, as also to 
decline the position of being either sole or joint con- 
structors. The Lord Provost proposed a series of resolu- 
tions with the view of extricating both parties from the 
deadlock to which they had come, the main feature of the 
resolutions being the willingness of the town council to 
take the whole responsibility of erecting the bridge under 
certain easy conditions. There is a desire on the part of 
some people in Aberdeen to have a more ornamental bridge 
than is provided for in any of the designs which have yet 
been brought forth ; and it is thought that contributions 
may be obtained to such an amount as will justify delay 
fora month or so. Some persons are in favour of havin 
a granite bridge, which would probably cost from 30,0001. 
to 35,0007. The Lord Provost’s resolutions were carried by 
a majority of 19 votes to 4. 


Institution of Engineers and Shipbuilders.—The twen- 
tieth annual meeting of this Institution was held last 
night, Mr. J. L. K. Jamieson, Vice-President, in the chair. 
Mr. Andrew Paul, mechanical engineer, Dumbarton, was 
elected as an ordinary member. The medals for papers 
read during the session 1875-76 were then awarded. For 
his paper on ‘‘ The Strength and Fracture of Cast Iron,”’ 
Mr. W. J. Millar was awarded the Railway Engineering 
Medal. To Mr. James Brownlee was awarded the Institu- 
tion medal for his paper on ‘‘ The Action of Water when 
flowing through a Nozzle.’’ The Marine Engineering 
Medal was awarded to Mr. Robert Mansel on account 
of his most suggestive and valuable paper on ‘‘ Pro- 
positions on the Motion of Steam Vessels.”’ After the 
transaction of some other formal business, election of 
office-bearers, &c., the discussion was taken on the paper 
read at the preceding meeting by Mr. Ernest Benedict, 
Mem. Inst. C.E., on “Metal Sleepers for Railways.’’ 
Several speeches of considerable interest were delivered, 
the remarks having reference to the relative value of the 
different kinds of metal sleepers that have been brought 
into use by railway engineers, more especially in India and 
Egypt, as also upon the relative value of creosoted timber 
sleepers as against those made of metal. Those who took 
— in the discussion were Mr. John Page, C.E. ;!Mr. J. 

eas, C.E.; Mr. Dundas, of the Glasgow and Paisley Joint 
Railway ; Mr. Russell, Anderston Foundry Company ; Mr. 
James C. Wilson (who drew attention to a most ingeniously 
devised steel-plate sleeper made by Messrs. P. and W. 
Maclellan, of this city, for an Indian railway, specimens 
of which were shown to the meeting) ; Mr. Peter Stewart, 
engineer to the Tharsis Sulphur and Copper Company 
Mr. J. Z. Kay, of the Phoenix Foundry; Mr. Benedict, 
and the chairman. Sir William Thomson then made an 
interesting communication to the serene | on ‘‘ Compass 
Adjustment on the Clyde.’’? He sketched a plan for su- 
perseding that of adjusting the compasses of vessels in 
Gareloch, and thereby saving the expense, risk, and 
detention consequent thereon. The system suggested 
is one that may be taken advantage of by vessels when 
they are under way, or even while on trial trips run- 
ning the measured mile on the Skelmorlie coast. It so 
fully recommended itself to the mocting that it was at 
once resolved to appoint a committee of the members to 
co-operate with Sir William Thomson in carrying out the 
necessary arrangements for adopting the new system of 
compass adjustment. After avery cordial vote of thanks 
to -~ learned professor, the proceedings were brought to 
a close. 

Agricultural Implement Show at Ayr.—The forty- 
second annual show of the Ayrshire Agricultural Associa- 
tion, which is only second to that of the Highland Society, 
is being held at Ayr this week. Yesterday was devoted to 
inspection of the agricultural implements and machinery, 
of which there is a very fine display, both from Scotch and 
English firms of the highest standing. 








New ZEALAND RaItways.—A railway between Timaru 
and Oamaru was opened recently, railway communication 
being thus established between the provinces of Canterbury 
and Otago. 


LivERPOOL ENGINEERING SocreTy.—On Wednesday 
evening, the 25th instant, this Society held its usual fort- 
nightly meeting at the Royal Institution, Colquitt-street, 
Mr. C. Graham Smith, A.I.C.E., President, in the chair. 
Mr. Alex. Ross, district engineer, London and North- 
Western Railway, briefly summarised his paper on ‘‘ Hy- 
draulic Machinery with special reference to Railwa Goods 
Yards,” read at the previous meeting. is was followed 
by a lengthy discussion, and the general opinion elicited 
was that hydraulic machinery is convenient, safe, and eco- 
nomical, and that where the machines are irregularly dis- 
tributed and intermittent in their action, that water is the 
best means of transmitting power. 
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CyYLINDERs: 
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Stroke of pistons 


Length of steam ports 


Width 
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” ” ° e 
exhaust,, . . ° 
Travel of valves 
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Diameter of exhaust nozzle 


WHEELS: 


Diameter of coupled wheels. 
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wheels of hind truck 
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WHEELS :—continued. Fr. In. 

Wheel base of leading truck . . ‘ ‘ 6. 4 
Re » hind ,, ae 

Total wheel base . ‘ ‘ ° ‘ a 8, 
Diameter of driving axle bearings 0 54 
Length - ~ - 0 7 
Diameter of main crank-pin bearings 0 3 
Length ps i a ° 0 8 

Borner: Fr. In 
Maximum internal diameter of barrel . o 6 3 25 
Thickness of shell plates (iron) . ‘ ‘ 0 0g 
Number of tubes. ‘ ° . 88 


Length 


» between tube plates . 2 8 Ill 

















IRLIE’S SYSTEM) FOR THE 8-FT. GAUGE. 
- MASON, ENGINEER, TAUNTON, MASS, U.S.A 


' Description, see Page 326.) 
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.  Bomer :—continued. Fr. In. BotLer :—continued. SQR. FT. 
Outside diameter of tubes 0 2 Total heating surface with external tube surface 466.7 
Thickness of tubes 0 02 Flue area through tubes . ° ‘ hn 1.466 
5 | Length of firebox inside at totem 3 8 Least sectional area of chimney . ; ° 0.66 
Width si - ~ ° 2 9 Ratio of firegrate area to total heating vai 1: 46.67 
Height ‘s "a above ate. 3 9 - » » flue area ‘ - 7.82:1 
~ centre of boiler above rails 4 10} a i » least sectional area 
Diameter of chimney 0H of chimney . , - 15.15:1 
SQR. FT. Working pressure of a in senate 4 per 
Gratesurface . .». «. .« 3 10 squareinch . . « « «, « 125Ib.t0 150Ib. 
Heating surface: Firebox ; ee 56.7 Fuel used ‘ . . . Bituminous coal 
” 9 Tube surface (internal) ° 359 Weight on coupled while i in Ae order . about 28,000 lb. 
9 9 » (external) . 410 Tractive force for each pound of effective 
Total. heating surface with internal tube surface 415.7 - pressure per square inch in the cylinders . 651.28 Ib. 
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NOTICE TO AMERICAN SUBSORIBERS, 

We beg to announce that we have appointed Messrs. Miller and 
Smith, 62 and 64, Cedar-street, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. Messrs, Miller 
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NOTICES OF MEETINGS. 

THE INSTITUTION or OIVIL ENGINEERS.—Tuesday, May Ist, at 
8p.m. Discussion ‘On Street Tramways,” by Mr, R. Souttar. 

INSTITUTION OF SURVEYORS.—The next meeting will be held 
on Monday evening, April 30th, at 12, Great George-street, 
Westminster, when the adjourned discussion on the paper read 
by Mr. J. Shaw, at the last meeting, on “The Rivers Pollution 
Prevention Act, 1876,” will be resumed. The chair to be taken 
at eight o'clock. 

Society or ArTs.—Cantor Lectures. Monday, April 30th, at 
4 p.m, ‘The Connexion of Greek and Roman Art with the Teach- 
ing of the Classics,” by Mr. Sidney Colvin, M.A., Slade Professor 
of Fine Art at the University of Cambridge. Lecture III. Mate- 
rials of the Study.—Ordinary Meeting, Wednesday, May 2nd, at 


8 B= “Continuous Brakes for Railways,” by Captain Tyler, R.E., 
Chief Inspector of Railways to the Board of Trade.—Indian Sec- 
tion. Friday, May 4th, at 8 p.m. “ Thaumato-dendra, or the 


Wonders of Trees,” with illustrations from Life, by William 
Tayler, Esq. Sir Joseph Fayrer, M.D., K.O.S.1., will preside. 
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MR. REED AT THE SOCIETY OF ARTS. 

On the 18th of this month Mr. Reed delivered a 
lecture before the Society of Arts, dealing in a 
general and popular manner with the history of the 
changes which have taken place during the last 
twenty years in the construction of armour-clad 
ships. Though necessarily discursive—for it deals 
impartially with guns, armour, torpedoes, compound 
engines, zinc sheathing, and many other matters—it 
forms a valuable as well as interesting summary of 
recent progress, and, breaking new ground as it 
does, in at least one direction, it may perhaps be 
some oy quoted as marking an era in shipbuilding. 
Want of space obliges us to refer the reader, for a 
complete report, to the Journal of the Society of 
Arts for last Friday, but two of the matters dealt 
with demand closer attention. One of these is what 
we take to be a somewhat hostile, or at least dis- 
trustful, criticism upon certain arrangements of the 
Inflexible ; the other is apparently little less than a 
call to another reconstruction of the Navy, in ships 
embodying ‘‘a total change of form.” 

On the first point Mr. Reed says, “I would 





mention, . . one or two arrangements which hay® 
been introduced into some of our ships which are 
novel, the value of which I should hesitate to speak 
confidently about. I mean that, in certain of our 
vessels, there are iron hatchways, or sort of double 
chambers formed of thin iron ; and it is supposed 
that if, in the event of a shot or shell penetrating, 
the water should find its way into this, instead of 
going through into the ship in large volumes, it will 
be trapped, as it were, between two walls, No doubt 
there are circumstances in which that arrangement 
might prove very useful, but as to its general value 
T have formed no opinion. Thereis another arrange- 
ment of perhaps still more importance. In the In- 
flexible the armour is supplemented by something 
which is intended to be equivalent to armour. It con- 
sists of chambers filled with cork. The sides of the 
vessel between wind and waterare formed principally 
of cork cells, and no doubt such of these cork cells as 
remain intact with the cork in them during action 
will contribute to the buoyancy and stability of the 
ship. But it is a subject of such serious moment 
that I should not feel disposed to enlarge upon it 
under present circumstances. It clearly, as taking 
the place of armour, must be subject to very serious 
consideration, and what its value is likely to be must 
be ascertained... . Suffice it to say that this 
system has been used in substitution for armour, 
that the vitality of our ships has in some degree 
been hung upon it, and it will evidently require 
grave investigation.” y 

The system referred to is that to which frequent 
allusion has been made in these columns under the 
general description of ‘‘ coal-tank ends.” In the 
Inflexible and other later ships, what we may 
call the ‘body armour” (i.e., that which protects 
the body of the ship against the entry of water as 
distinguished from the “gun armour” which pro- 
tects the guns) is limited to the central portion only. 
It issimply a belt reaching fromasuitable depth below 
to a suitable height above water, and enclosing in a 
perfect box or citadel —which it protects as well across 
the ends as at the sides—the central portion of the 
ship, including the engine hatchways, the funnels, 
and the bases of the turrets. Outside this, from either 
end of the citadel to the corresponding end of the 
ship, there is a thick armour deck, at the same level 
below water as the lower edge of the belt or citadel. 
Injury below this from shot is considered unlikely, 
and the attempt to guard against it is practically given 
up. But above the armoured deck there is equally no 
protection, and the whole of the ship from the 
armoured deck up to the water-line, excepting the 

art inside the citadel, is at first sight exposed to 
be flooded or filled with water. The essence of the 
scheme, in its simplest form, consists in using these 
parts of the ship, exposed to perforation and flood- 
ing, for the stowage of coa/ instead of leaving them 
practically vacant, as they would be if used for the 
accommodation of the crew or ordinary stores. If 
all the exposed parts are coal bunkers (or “coal 
tanks”) and full of coal, flooding them with water is of 
comparatively small importance, inasmuch as none 
can enter except such as there may be room for in the 
interstices of the coal. If any of the bunkers, origi- 
nally filled with coal, have been emptied, and are 
then flooded, the result on the ship will differ little ; 
so much coal will have been rep by so much 
water, not differing from it greatly in weight. If 
the ship has spare buoyancy enough to carry the 
extra burden put upon her by letting water into the 
interstitial spaces of the coal, and if the elements 
determining her range of stability are such that she 
can afford to lose so much buoyancy in her upper 
portions, while retaining it below, without risk of 
capsizing, then it can make little difference to her 
whether her unarmoured portions be intact or 
riddled with shot and shell. 

The details of the Inflexible’s design have, very 
properly, not been made public, and we are unaware 
to what precise extent she departs from the ideal 
type sketched above. It has to be observed, how- 
ever, that the temptation to concentrate the “‘ body 
armour” over the smallest possible portion of the 
ship, and thereby increase its thickness, is very 
great, and may easily be carried so far that the un- 
armoured portions outside the citadel, or rather that 
part of them which lies between the water-line 
and the armoured deck below, may become so large 
that the ship’s proper coal supply may be unable to 
fill it. In that case, either a needless weight of 
coal must be provided for in the design, which must 
be oneness or the liability to flooding a part not 
already filled up by coal must be admitted. With. 
in reasonable limits there seems no reason why such 








a risk should not be run, so long as the total extra 
weight thus introducible is not more than the ship 
can bear. To be taken down 1 ft., or 2 ft,,: below 
her proper fighting draught may be an evil of some 
importance, but there is only a chance of it, and 
erhaps not a strong chance, and it may seem 
tter to run such a risk than to increase the ship’s 
size and cost without increasing her power from the 
beginning. If the risk be accepted it is obviously 
wise to try any contrivance, if light and inexpensive, 
which promises to lessen it, and it is in this 
character, we presume, that the ‘‘ cork cofferdams” 
or other appliances of the Inflexible have been de- 
vised. It is understood that they consist of a kind 
of double side, with the space between the two skins 
filled with a preparation of cork, and having means 
of putting pune upon the cork from above, at any 
time, for the purpose of driving it closer togethet, 
and so stopping the holes made in it by projectiles; 
Whether this contrivance will have much, or any, 
ractical use, is a question we have not data enough 
or offering an opinion upon, but unless the 
Admiralty have obtained experimental data to an ex- 
tent hardly probable, we think the invention may 
be fairly described as speculative—possibly very 
useful, possibly quite the reverse. It is no doubt 
wise to try it as a promising means of prevent- 
ing a serious inconvenience; but it would be 
highly imprudent to rely wholly upon it, and, on 
the strength of its supposed efficiency, to increase 
the unarmoured portion to such an extent that on 
its becoming filled with water (through failure of 
the. plan), the loss of the ship would ensue. The 
system of unarmoured or coal-tank ends appears to 
us to be only a snare if carried to such an extent as 
this. The same remark applies to the influence of 
the cork cofferdam or lining in maintaining the 
stability of the ship after the ends are perforated in 
every part. With every end subdivision perforated 
and water-logged, the ship ought to be reasonably 
secure, under ordinary circumstances, against over- 
turning, without depending on the assistance of the 
cork. If there is any cork left when things have 
got to that stage, so much the better for stability, 
but at least bare safety should be insured both as to 
buoyancy and stability, without reliance upon an aid 
which might wholly break down in_ practice. 
Not knowing the details of her design, we have no 
reason to suppose that the Inflexible depends upon 
the cork for safety, or for anything beyond protec- 
tion’ from serious inconvenience. e should be 
sorry to consider the cork as used ‘in substitution 
for armour,” or as anything but a possibly useful 
contrivance in a place where no armour, and there- 
fore no substitute for armour, is needed. | Certainly 
** the vitality of our ships” ought not to hang upon 
the hopeless chance of cork forming a satisfactory 
substitute for armour. 

In what we have described as a call to reconstruc- 
tion, Mr. Reed says: ‘‘ Hitherto, beyond a moderate 
increase of subdivision in the lower parts of a ship, 
no great effort has yet been made in any navy, s0 
far as we know, to solve the problem of resisting 
me gers But this great problem has to be faced 
and solved, and it has to receive, in my belief, a 
solution totally different from any which has yet been 
publicly attempted, Neither the suspension of 
chain nets, nor additional bulkhead division in ordi- 
nary forms of ships, will be a sufficient, nor anything 
like a sufficient, defence against this deadly sub- 
marine instrument of attack. No doubt it is an 
instrument to the use of which many chances of 
warfare at sea are adverse, and it is one which is 
utterly unavailable as means of attacking the shore. 
But, on the other hand, as a means of attacking 
ships, it is of a most formidable character. The 
naval Whitehead torpedo delivers a most terrible 
blow ; it moves for the space of some hundredé of 
yards with a speed double that of the fastest iron- 
clads ; its path is so sure and true that, at that 
distance, a second torpedo can be made to pass 
through the hole which the first has made; and, 
whereas it has been assumed that in ordinary con- 
ditions of weather and naval warfare under steam, 
a ship could not have more than a few feet of her 
depth below water attacked, the torpedo has the 
whole immersed bottom of the ship exposed to its 
assaults. Inthe Sultan, for example, while the 
side, to a ~- of 6 ft. below water, presents to 
shot and shell an area of less than 2000 square feet, 
the surface presented to to attack is about 
8000 square feet. In view of these facts, I have 
been deeply studying the effects of the torpedo upon 
the’ forms of ships, and I have already come to the 
conclusion that while in existing ships, and especially 
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in existing large ships, which are more or less un- 
wieldy, chain net protections, and internal sub- 
divisions, and modifi cations of stowage, must be re- 
sorted to as far as possible, and while also in action 
such ships must be kept under steam and under the 
helm to the utmost practicable extent, as regards 
the future no more such ships must be built. 
Small ironclads of great breadth and short length 
can be made so handy as to find in their own 
agility, associated with great modifications of 
form, which are necessary even for them, 
sufficient security — torpedo attack. But in 

- the case of line-of-battle ships a total change of 
form is necessary to meet the wr oa and the days 
are already numbered of war-ships more or less 
long and narrow, and with deep bottoms of thin 
iron containing the steam boilers and powder 
magazines. How that change is to be brought 
about in this country, under our system of adminis- 
tration, I do not know. But this I know, that it 
must be accomplished somehow, and that the pro- 
posal of the Government to lay down a ship of the 
Agamemnon class at Chatham must be reconsidered. 
The design of the Agamemnon was made two or 
three years ago, before the tremendous capabilities 
of the torpedo had been developed, and to repeat 
her now would, in my opinion, be to confess our 
inability to surmount the new difficulties of war-ship 
design .... In my opinion, this state of things 
imposes —— new and solemn obligations upon 
our naval administrations, and the objects to which 
it points are clearly twofold: First, the construc- 
tion of our large ships on principles which make 
them as little destructible by torpedoes as by guns, 
which I believe to be quite possible ; and, secondly, 
the building of all our other war-ships of small 
and handy types, and with the necessary improve- 
ments.” 

It is perhaps not very difficult to see the ten- 
dency of these remarks, if as yet too vague to 
invite much criticism. But if Mr. Reed has reall 
in his pocket a plan for giving ironclads as mack 
protection against torpedoes as may be given them 
against guns, a new reconstruction cannot be far off. 


INSTITUTION OF CIVIL ENGINEERS. 

Ws alluded in last week’s issue to the fact that a 
Special General Meeting of Members and Associates 
of the Institution, had been called for by a number 
of requisitionists, to consider the important question 
of creating a new class of members in the Institu- 
tion, under the title of Associate-Members. It will 
be remembered that the creation of a New Class had 
been decided upon at the last General Annual Meet- 
ing, and thatthe suggested title of Associate-Member 
had been submitted for approval to the members by 
a circular letter from the secretary, the answer to 
which approved the title, by a majority. 

The Special General Meeting took place on Wed- 
nesday last, having been preceded by a preliminary 
meeting at the Westminster Palace Hotel, when the 
following resolution was decided upon as the most 
appropriate to submit for approval, ‘‘That in the 
opinion of this meeting it is not desirable to prefix 
the distinctive term of Associate to the proposed 
new intermediate class, inasmuch as in the proposed 
amended bye-laws, Associates are defined as not 
being engineers by profession; but it is suggested 
that a literal interpretation of Article II. of the 
second section of the bye-laws is necessary, inas- 
much as Associates who ‘have been regularly 
educated as civil engineers according to the usual 
routine of pupilage, and have had subsequent em- 
ployment for at least five years in responsible situa- 
tions as resident engineers, or otherwise, in some of 
the branches defined by the Charter as constituting 
the profession of a civil engineer,’ are under the 
express terms of the bye-laws above referred to 
eligible as Members, and the Council are hereby 
oy sme requested to consider the best manner 
to insure their early transfer.” 

The meeting in the hall of the Institution was a 
very crowded one, members from the country bein 
especially numerous, and the Council were nearly al 
present, so that the importance of the meeting was 
fully appreciated, and the probability of a somewhat 
stormy discussion not remote. Mr, G. R. Stephenson, 
the President, opened the proceedings with a short 
speech, in the course of which he expressed the hope 
that the approaching discussion would be moderate 
in tone, and entirely of an amicable nature, and he 
called afterwards upon Mr. Barlow to state to the 
meeting the details of what had occurred in reference 


Mr. Barlow briefly summarised the few facts bearing 
on this _ of the case, and observed that out of 
the total number of circulars issued from the In- 
stitution not half had been returned, but that of the 
replies received the title of Associate-Member was 
approved of by a large majority. 

. Price Willi then, on behalf of the meet- 
ing, explained the objections of the requisitionists 
and others to the creation of the New Class, and of 
its proposed title, pointed out the undesirable posi- 
tion which the professional Associate at present 
occupies, and concluded by putting the somewhat 
dubious resolution above quoted, and which was 
seconded by Mr. F. W. Sheilds, Memb. Inst. C.E. 
This gentleman expressed his views upon the present 
position of professional Associates, with considerable 
force and some little plainness. He saidthat they felt 
themselves edgslovelliey the Council, in being placed 
in a class for which they were never intended under 
the Charter, and which was entirely unsuited forthem. 
That when he first entered the Institution and was 
relegated to the Associate class, being under the bye- 
laws qualified as a Member, he felt that an injustice 
had been done him, and he knew that many engineers 
declined to enter the Institution, that many Associates 
declined to apply for their transfer, because their 
election would depend not upon the administration of 
the bye-laws but upon the judgment of the Council. 
The remarks of Mr. Price Williams and of Mr. 
Sheilds were alike approved by the meeting, and 
after the latter gentleman concluded, a number of 
miscellaneous speakers expressed their views with 
more or less coherency, but conveying sentiments 
similar to those of the preceding speakers. is 
miscellaneous discussion having subsided, Mr. John 
Fowler, on behalf of the Council, spoke, and as 
usual very much to the purpose, He pointed out 
that in proposing the creation of a New Class the 
Council had acted only from the motive which 
always governs their actions—the well-being and 
advancement of the Institution—but it was evident 
that such a serious change in the condition of the 
Society ought to be made only with the almost 
unanimous approval of its members, and seeing 
that so far from being unanimous, there was a 
strong, even a hostile, feeling on the part of the 
members against the change, in his opinion it should 
better remain unmade. He concluded byproposing 
the following resolution: ‘‘ That in the opinion of 
this meeting it is not desirable at present to create 
any New Class of members; but that it is desirable 
that those Associates whoare qualified to be Members 
should take the requisite steps for their transfer,” 
The advantages of this over Mr. Price Williams’s 
motion were so obvious that some of the most ardent 
supporters of the original resolution abandoned it 
to vote for that of Mr. Fowler. After some 
animated discussion a division was proposed, and 
the resolution emanating from the Couricil was 
passed unanimously. 

The meeting did not conclude without one or 
two incidents that are to be regretted. But the 
suggestions made by the President in opening the 
proceedings that all discussion should be carried on 
with moderation, were for the most part fully acted 
upon. Indeed, while there appeared a fixed de- 
termination to oppose a measure obviously antago- 
nistic to the welfare of the Institution, a marked 
deference to the Council was apparent throughout. 
Such in brief summary were the leading incidents 
that marked a somewhat memorable day in the 
annals of the Institution. Let us glance at the 
results of the meeting. First, the requisitionists 
deserve the thanks of the Associate class in having 
made a determined effort to check an undesirable 
change in the constitution of the Society; and, 
second, Mr, Fowler has earned the gratitude of the 
whole body, including the Council, for having pro- 
posed a resolution at once adapted to the real re- 
quirements of the case, and in having enabled the 
Council to retreat from a position which would have 
proved unsatisfactory to themselves, and menacing 
to the welfare of the Society. 

It cannot be expected that those Members of 
Council who have been most active in the creation 
of the proposed New Class, will accept the changed 
aspect of affairs with pleasure, nor view with satisfac- 
tion their efforts extending through many years to 
maintain exclusiveness, rendered useless. But as we 
pointed out in our last week’s article they must ac- 
commodate themselves to the present condition of 
things ruling in the profession. We do not for 
&@ moment question the motives which have led 


in so doing they have failed to adniinister the 
written law of the Institution. But a strong excuse 
is to be found for them in this. They have inherited 
the conservative principles of past generations of 
Councils, while several of them belong to the elder 
generation of engineers, to whom the traditions of 
the Institution are dear, and the intrusion of the mass 
of the profession into the circle of Members, repug- 
nant, Leaders of the profession, conscientiously de- 
voting much time to the conduct of the Institution, 
and practically irresponsible, it was but natural for 
them to carry out the unwritten law of exclusive. 
ness, handed down since many years. There is no 
doubt that the whole members of the Society are pro- 
foundly appreciative of the services they thus render, 
and would not, without full cause, remonstrate 
against any course pursued by the governing body, 
but the latter must perforce carry out the existing 
laws, and not those of their own, even though made 
with the best of all possible intentions. 

In indicating in our two previous articles the true 
policy of the Institution—a policy which has been 
carried exactly into effect—we pointed out that the 
Council had followed up a wrong path, and it is 
most satisfactory to find that they- have been 
brought back to the right one by a member of their 
own body, and not by the force of the members. 
On studying Mr. Fowler's resolution it will be seen 
not only to go far beyond that of Mr. Price Wil- 
liams’, but to embody every important point, even 
the inferred acknowledgment on the part of the 
Council that an injustice had been extended 
to many of the Associates. It will be a severe 
trial, doubtless, to many of the Council to be 
compelled to open wide the gates of Member- 
ship to some hundreds of Associates, and to admit 
many more who have withheld any application for 
admission owing to their natural fear of relegation 
to the inferior class, but such admission is unavoid- 
able—more than that, it is only bare justice, it is 
only acting in the spirit of the Charter and the 
bye-laws, and if by this course the assumed dignity 
and honour of the title of Member be somewhat 
reduced, it is better so than that the dignity and 
honour of the Institution itself should be tarnished 
by any stain of misadministration. 

We feel assured, however, that the Council will 
most fully carry out the resolutions made by 
themselves at Wednesday's meeting, and that their 
doing so will result in the strengthening and the 
advancement of the Institution, the interest of 
which they have so much at heart. 








THE FORCE OF THE SATURDAY 
REVIEW. 

Tue letter of “‘An Engine Driver” recently 
brought before our readers an amusing illustration 
of the way in which engineering topics are some- 
times discussed in the pages of daily journals. ‘The 
Saturday Review is a weekly periodical, its articles 
are therefore prepared with more deliberation, 
and its readers look to its pages for carefully 
studied essays on politics, literature, science, and 
art, written by men who are specialists in these 
subjects, Like our own journal in this respect, the 
aim being to achieve something that will have more 
than a merely ephemeral value, the statements which 
5 go in it ought to be thoroughly reliable, and as 
the political articles ought to be written by a poli- 
tician, so the articles on engineering affairs, if such 
are introduced, ought equally to be written by an 
engineer, There is even more necessity for 
thorough engineering qualifications in the writer of 
the engineering articles than there is for political 
knowledge in the writer on politics. In the latter the 
readers can correct the vagaries of the authors, for 
all are to some extent politicians, but the readers of 
the Saturday Review are, perhaps, few of them engi- 
neers, and their minds are liable to become in en- 
gincering matters as plastic clay in the hands of the 
reviewer, who by his other articles on subjects in 
which he is a master has fairly won their con- 
fidence. 

Our attention has lately been directed to a series 
of articles on naval engineering affairs which have 
been appearing in the Saturday Review at intervals 
since the Thunderer explosion, by the paper by 
Mr. Napier on “Force,” and the correspondence 
to which that paper has given rise in our pages. 
Our readers are aware that this question of 
‘* Force” has been now brought to the front by 
Professor Tait, he having selected it as the sub- 








to the New Class since the General Annual Meeting, 
when the creation of that Class had been announced, 


them frequently to exclude qualified engineers from 
the class of Members ; though we must point out that 
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1876. That lecture has now been published as an 
addendum in the excellent volume of Professor 
Tait’s lectures on ‘‘ Recent Advances in Physical 
Science,” a book we advise all our readers to get ; it 
is moderate in price and it is delightfully written, 
and it can be read with real enjoyment without the 
necessity of solving any mathematical formule. The 
lecture on ‘‘ Force” has, therefore, we may say, 
been constituted a standard of reference for en- 
gineers. For this addition to our permanent 
literature we are greatly indebted to the Saturday 
Review. 

The cause which led Professor Tait to select that 
subject was, he tells us, that ‘‘even among the par- 
ticularly well-educated class who write for the 
higher literary and scientific journals, there is wide- 
— ignorance as to some of the most important 
elementary principles of physics.” One of the 
illustrations given by him as a text for his lecture 
is a statement which appeared in an articleon ‘ The 
‘Thunderer Inquest” in the Saturday Review of Sep- 
tember 2, 1876—the Saturday preceding the de- 
livery of the lecture—‘ that the water of the boiler 
of the Thunderer would in a second of time gene- 
rate a ‘ force’ sufficient to raise 2000 tons one foot 
high,” and he pronounces this to be ‘“‘ a most reck- 
less abuse of language.” He says, ‘‘ In fact we have 
come to what ought to be scientific statements, and 
there even the slightest degree of unnecessary 
vagueness is altogether intolerable.” 








Fic.3. 


—" 











Mili, Psa 
TMI 






a 


. 


Peru 
WAU I 











Ss-= 


[= 


The liberal education which is now given to all 
middle-class youths generally embraces the ele- 
ments of the physical sciences, Even amongst en- 
gineers that which distinguishes an educated youth 
from a mere mechanic, who is an engineer in his arms 
only, is primarily an appreciation of the difference 
between “ force” and ‘“ energy.” This also consti- 
tutes the Shibboleth by which admission is gained 
to the arcana of true engineering, or an order is 
obtained for the paradise of perpetuum-mobilists. 
It is well that such tests do exist, touchstones by 
which the nature of a writer's qualifications can be at 
once ascertained, or, as in this instance, be uninten- 
tionally made manifest, for by Professor Tait’s text 
we discover the highly-educated Saturday Review to 
be happy in the company of the perpetuum- 
mobilists. The doctrine of the conservation of 
energy cannot have been appreciated by a writer who 
improves Mr. Bramwell’s correct statement into a 
sentence that becomes an illustration of the ex- 
istence of a wide-spread ignorance of even the 
elementary principles of physics. Such short-coming 
in a writer in the Saturday Review, so acciden- 
tally brought under our notice, has induced us 
to look into the other articles on engineering naval 
affairs which have appeared in that journal since 
the above date, we having been until now unaware 
of the —— of such articles. 

This examination discloses to us a state of matters 
that on various grounds demands our censure. 








The writer, who is clearly uneducated in the 
principles of engineering science, is also equally 
geen in respect to the practical knowledge of 

e matters treated by him in these articles. His 
opinions, built on, and framed in, ignorance, are put 
forward with a confidence which is downright im. 
eg aoe and with a force that amounts to fury. 

o far as the spirit of the articles is a cry for naval 
reform, we are ina great measure in agreement with 
the writer, and if the articles had been written by 
one seep a proper knowledge of the subject, he 
might then by knowing how to strike and where to 
strike with effect have accomplished some good; 
but as these articles are written they are pernicious 
and most unjust, and calculated to do the trade of 
engine building of this country incalculable damage. 

Our readers are well aware that we have no 
leaning towards palliating in any degree that mis- 
management of naval affairs to which we have 
lately had only too often occasion to refer. The 
interests of the manufacturing engineer, however, 
are, we think, in a measure our legitimate cause, and 
when these are wantonly assailed as they are in the 
articles under discussion, it becomes our duty to care- 
fully analyse the statements to show up their fallacies 
and to implore the Saturday Review, in the name of 
common justice and of patriotism, to explain to its 
readers that it is in ignorance this evil has been com- 
mitted. Our sympathy with the general spirit of 
these articles leads us to regret the mistake which 
has entrusted the writing of them tosome one who is 
both practically and theoretically entirely ignorant 
of the subject. A cursory review of the articles 
will make this manifest to our readers. 

The reference to the Force of the Saturday Review 
is of importance only as justifying our conclusion 
that the articles are without that authority which 
rests on knowledge. That quotation is also only a 
fair specimen of the rest of the articles; whenever an 
opportunity occurs for making a muddle, the writer 
with charming unconsciousness never fails to take 
full advantage of it. If Professor Tait had continued 
the quotation as far as the next sentence, he would 
have discovered that the elementary practical know- 
ledge of the writer was equally deficient as his know- 
ledge of elementary principles. ‘The quotation is from 
Mr. Bramwell’s evidence; Mr. Bramwell’s words 
are quite correct, ‘‘ That represented an energy 
which would raise 2000 tons one foot high, and, he 
believed, they would find, speaking roughly, that in 
five seconds it would represent an energy equal to 
that which is evolved when a 35-ton gun of the 
Thunderer itself is fired off.” Now no engineer, no 
man who has benefited by even the popular expo- 
sitions of Tyndall would have changed the first 
‘‘energy” into ‘‘ force,” as the Saturday Review has 
done, apparently only to get rid of the two ‘‘energies” 
in the one sentence to make the words run more 
smoothly. The bull that is thus so unconsciously 
manufactured is followed by something even more 
absurd. The words of the Saturday Review are, 
‘‘The boiler would in a second of time generate a 
‘force’ sufficient to raise 2000 tons one foot high,” 
we are then told that ‘‘this would go on con- 
tinuously increasing at the rate of 8 lb. a minute at 
30 lb. pressure, and over 1] at60. If this calcula- 
tion is correct, the wonder is that with such a 
pressure the ship was not torn asunder,” Now after 
obtaining 2000 tons one foot high in one second of 
time, an increase of even 1] lb, in one minute is not 
worth mentioning. If the calculation is correct, after 
the first second a period of 282 days would be re- 
quired to generate as much ‘ force” (?) as the writer 
says is generated in the first second of time. 

So far the writer of the articles has not sinned, he 
has only exposed himself, and any engineer can easily 
understand what he is driving at, although the non. 
initiated will not be helped to understand the mean- 
ing of Mr, Bramwell by this improved version of 
his words, We will leave now this harmless erring 
and turn to something that has quite a different 
character. 

Our readers are aware that after the first full- 
Yate trials of the armour-clad Alexandra, one of 
the crankshafts was rejected on account of an appa- 
rent flaw discovered in one of the bearings. ‘I/his 
occurrence is the subject of more than one abusive 
article in our contemporary, for which the justifica- 
tion offered is that ‘‘ Crankshafts, for instance, are 
things which can be put to a thorough test before 
they are used” , . . . “It appears, however, that in 
the Navy the necessary tests are not strictly and 
efficiently applied.” The Alexandra completed her 
full-speed trials satisfactorily without a hitch of any 
kind, as stated by us recently. The Saturday Review's 
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notice of this satisfactory trial is in these words ; 
the Alexandra must have been at the first “a 
very rickety concern, her crankshaft broke down, 
and the screw went wrong; and she has now to 
go tosea with an extra pate, Nor in expectation of 
another accident and with a mutilated screw. The 
trials in this case, as in that of the trial of the 
Thunderer, were made with picked men, and picked, 
high-priced coals; and the results, therefore, do not 
represent what may be ordinarily expected. Most 
of these trials, for this and other reasons, are mere 
shams.” 

What oa damaging statement this is to go abroad 
with reference to one of our best examples of modern 
marine engine building. It is all founded upon 
ignorance, first, of the fact that there are absolutely 
no means known for thoroughly testing a crankshaft 
otherwise than by testing it in the manner that these 
shafts were tested at the full-speed trials, and next 
of the fact that one of the principal objects of these 
trials is to bring to view, if possible, hidden defects 
in the otherwise untested materials of which the 
working parts of the engine are made. 

That this supposed defective part was discovered 
is therefore creditable, and is not at all an evidence 
that ‘‘the management of the Navy is disgracefully 
and dangerously bad.” If the shaft had been found 
to be of bad material, or of insufficient diameter for 
strength, on either of these grounds the adjective 
“rickety” might perhaps have been justified, but 
the facts all tend in the opposite direction. It is 
‘+a mere sham” to say that the crankshaft broke 
down, It did not break at all. The supposed flaw 
was only suspected to be a flaw, and notwithstand- 
ing the Saturday Review’s confident assertion that 
‘* crankshafts, for instance, are things which can be 
put to a thorough test before they are used,” we 
regret to say that the only way known to engineers 
of thoroughly testing a suspicious indication is to 
cut the shaft across at the place; as we learn was 
done in this instance, with the mortifying result 
that the flaw was found to be ‘‘a mere sham” flaw, 
which penetrated only a little way into the shaft. 

At the time of the first trial, we, being well aware 
that the only testing which a crankshaft can have 
is that full-speed trial, after which the supposed flaw 
was discovered, passed over the circumstance with- 
out atall suggesting blame. The shafts of the Alex- 
andra were forged by Messrs. Clay and Inman, 
Birkenhead. The name of Mr. Nar 4 is itself sufficient 
to satisfy any one in the trade that, in respect to 
quality of iron and workmanship, the shafts of the 
Alexandra could not be in any sense “rickety.” In 
the Alexandra there are probably, say, at least 
four lengths of shafting from the crankshafts to 
each screw, or, say, fourteen propelling shafts, in- 
cluding the crankshafts; the engines developed 
8600 horse power, making 67 revolutions per minute 
at the full-speed trial, 600 horse power more than 
was guaranteed, and out of, say, fourteen shafts 
one presented a suspicious mark, which turns out a 
experimentum crucis to have been really not of muc 
importance. We think there is in this much cause 
for congratuletion, and no excuse but the imperti- 
nence of ignorance for the use of the word “ rickety” 
in any connexion whatever with the result. 

The size of the crankshaft is the other element in 
the question of “ricketiness.” According to the 
paper of Professor Rankine on propeller ts, in 
the Transactions of the Institution of Naval Archi- 
tects for 1869, the indicated horse power which a 
screw shaft can safely transmit, putting the rule 
into a condensed form, is ain 
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where H=indicated horse power, d=the diameter 
of the tunnel shaft, R=revolutioris per minute. 
In the Alexandra the crankshaft is 17} in, in 
diameter, the revolutions are 67. 
17.5° X 67 __ gop9, 


So that for mere torsion the crankshaft bearings 
are, at 174 in. diameter, capab‘e of transmitting 
safely double the horse power for which the engines 
were constructed, viz., 4000 horse power indicated 
for each of the twin propellers. ‘This is allowing 
9000 Ib. per square inch, which is the maximum 
safe stress given in that paper, and the constant 
45 has been taken to include the allowance for the 


weight of the shaft and for the reaction of vertical | 


oscillations, We are aware that the tunnel shafts 
will be less than the 17}; we do not happen to know 
what they are, but the value of the figures in rela- 
tion to the crankshaft can be appreciated by our 
readers. 





There is another rule by which we may test this 
dimension directly as for a crankshaft, that given 
in the lately-issued book of Board of Trade In- 
structions to Surveyors. The Alexandra has twin 
screws, each driven by one set of compound engines, 
consisting of one high-pressure cylinder 70 in. dia- 
meter, and two low-pressure cylinders each 90 in. 
diameter, the stroke is 48 in., and the pressure of 
steam is 60 Ib. on the square inch. The crankshaft 
is 17} in. diameter at the bearings. The figures, 
according to the Board of Trade rule, are 


(@ x 60) + bax (90? X 15) . 94 y = 17.349. 





taking the cranks as set at right angles: we do 
not know, however, whether they are so set, in 
the Alexandra, or at equal angles round the 
circle. The Board of Trade rule does not give 
a divisor for three cranks set at equal angles, 
but Professor Rankine says that when they are 
so set the above divisor should be increased in 
the proportion of 1.11 to 1.05, Making that alter. 
ation, the required diameter becomes just 17 in. 
We have preferred to use only well-known rules to 
test this diameter, and rules which are applicable to 
modern engineering and high pressure. We know 
of larger shafts and of proportionately smaller 
shafts, but at present we believe makers are adher- 
ing very closely to the rule of the Board of Trade, 
which we understand was made from many ex- 
amples from the best makers of shafts in use, and 
that it was made public in connexion with the 
breaking of the Atrato’s screw shaft, to corroborate 
the opinion of the surveyors that that shaft was too 
small. It appears, therefore, that the shafts of the 
Alexandra in respect to material and to dimensions 
are unimpeachable, and that the fact that the Satur- 
day Review, after the satisfactory trial of the Alex- 
andra, dared to insinuate “ very rickety” must be 
pronounced to be, as Professor Tait has stated in 
reference to the ‘‘force” statement, “a reckless 
abuse of language.” 

But, says the Saturday Review, ‘‘ the Alexandra has 
now to go to sea with an extra crankshaft, in expec- 
tation of another accident.” In the article contain- 
ing this statement, the writer becomes so furious 
that he introduces the words “ miserable idiots” 
and ‘imbecile enough to endanger the service.” 
What is the measure of the imbecility we dis- 
cover in these statements? Will it not be justi- 
fiable to reply to the complainer in his own 
words, ‘‘ Miserable idiot!” every ocean steamer of 
any size carries a spare crankshaft, generally one 
shaft as a stand-by for two working shafts; but in 
the Alexandra there is only one s shaft carried 
as a reserve for six working crankshafts, being the 
smallest proportion of reserve shafting that has 
ever been carried in any steamer, either in the Navy 
or in the merchant service of this or of any other 
country. And about the mutilated screw ; the screws 
are of the Mangin pattern, a blade set before a 
blade ; the best proportion of area of blade is not 
easily determined beforehand, and often the outline 
of the leading corners of blades is fixed by trial. 
In the case of the Alexandra, at the trial at 
moorings a floating piece of timber, used asa staging, 
was allowed to come too near to the revolving screw 
blades, and the leading corners of one screw were 
slightly bent but not broken. The trials so far had 
shown that there was if anything an excess of sur- 
face of screw blades, and it was decided to trim off 
the bent parts instead of flattening them. An un- 
important fraction of the leading corners was cut 
off, the breadth of the blades at the tips was 
thereby reduced, and the result on the subsequent 
trial was found to be an improvement. There is 
therefore no more foundation for the word muti- 
lated in reference to this occurrence than there 
would be if the writer of that article were to 
describe himself as a mutilated man after trimming 
his nails or having his hair cut. 

But there were also ‘picked men and picked 
coals.” All trials of steamships everywhere are con- 
ducted in the same way. ‘The object of a trial trip 
is not to accomplish what may be ordinarily expected 
only. Itis not expected that the writer of the article 
under discussion will ordinarily stand perfectly erect, 
and yet if his height has ever been taken he would 
be sure to stand then uncomfortably upright and 
making the longest neck he could. If he did so, 
would this measuring be ‘‘a mere sham?” If the 
best coal and the best men and the greatest number 
of men that could be effectively employed, and the 
greatest possible quantity of coals that could be 
consumed in a given time, were not all applied to 


produce the greatest possible quantity of steam, 
and consequently the greatest possible strain on the 
engines during the trial, then the Saturday Review 
mie justly have ground for insinuating that 
“these trials were mere shams,” The “ picked men” 
and Spee coals” and plenty of both are the 
material elements of the only ‘thorough test” for 
crankshafts yet known to engineers. 

The Saturday Review, which professes to know 
how to ‘ thoroughly test” crankshafts ‘‘ before they 
are used,” is, by that profession, justified in delibe- 
rately pronouncing these means to be ‘‘ mere shams,” 
We hope that that profession is not itself, however, 
‘‘a mere sham,” and perhaps this notice of ours 
may then lead to the publication of a full exposition 
of the method or a scale of the terms on which the 
er Review will include in its other regular 
work, the thorough reviewing of crankshafts inside 
and outside on Saturdays or on any other days, 
before the shafts are used. Many of our readers 
would be glad to avail themselves of this means of 
testing, and a new clause in all specifications for 
Government steamers would be, ‘the shafts to be 
thoroughly tested by the Saturday Review before 
they are used,” and then there would be no more 
breakdowns. [f this article of ours leads to such a 
result we will have as much reason to be proud 
of it as the Saturday Review has now to be proud of 
Professor Tait’s address on “ Force.” 

In another article in the Saturday Review, under 
the head of ‘‘ Naval Mismanagement,” we find 
‘fissures. have also been discovered in the screw 
shaft of the Himalaya, of such a grave nature that 
Prey necessitated the taking out of a part of the 

— 

We dosincerely desire that our naval mismanage- 
ment might consist of only such facts as this which 
has so excited the Saturday Review. In our first 
volume, at page 93, occurs a notice of the Himalaya. 
She was commissioned in July, 1861, and at the 
date of our notice, February, 1866, she had sailed 
and steamed 135,000 miles, and in her furnaces 
had been burnt 30,000 tons of coal. It is now 
about sixteen years since she was first commissioned, 
and at the same rate she has therefore probably 
now sailed and steamed 400,000 miles, and con- 
sumed 100,000 tons of coal, and after all this 
the Saturday Review thinks it a piece of naval mis- 
management that she should now require a new 
thrust shaft. It seems that the fissures were dis- 
covered when the vessel was in port. What more 
can be expected than this? The only remedy would 
be to carry full sets of spare shafts, and then the 
Saturday Review would say that was done in expec- 
tation of another accident and betokened a sus- 
picion of being ‘‘ very rickety,” as it does say when 
even only one ‘shaft is carried as a stand-by for six 
working shafts in the Alexandra. 

But it is perhaps absurd of us to here treat these 
articles as of any importance. We have done so 
because we have always considered the Saturday 
Review to be a paper of high standing in its own 
sphere ; but it is evident that it ought never to leave 
its own ground. The simplest facts in naval affairs 
it cannot repeat without muddling. It gives in one 
article what it calls facetiously an ‘‘ amusing little 
blunder,” ‘the safety valves of the Iron Duke 
being marked ‘0’ for ‘open,’ when they should 
have been marked ‘S’ for ‘shut ;’ the consequence 
of this was that the sea was let in when it 
ought to have been kept out.” But here we have 
an equally amusing blunder added, the Saturday 
Review's engineer would like the ‘‘safety valves” 
marked ‘‘‘ S’ for ‘ shut’” to keep the sea out! The 
safety valves being on the boiler, what has that to 
do with the sea? We do not of course mean to 
palliate the mistake in the Iron Duke; we have 
already expressed an opinion on that matter, but 
we cannot help seeing in such muddling that the 
writer of the articles we have noticed is not a 
specialist in any department of naval affairs ; his 
alarming facts are sometimes given on no more 
substantial authority than that of Captain Bedford 
Pim’s paper, ‘‘ The Navy,” and we perhaps cannot 
better describe the force of the engineering essays 
of the Saturday Review than in words they supply, 
‘‘ Most of these essays, for these and other reasons, 


are mere shams.” 


THE ROYAL SOCIETY SOIREE, 1877. 

Tue gathering of scientific men at the annual 
conversazione given by the President and Council 
of the Royal Society, is always one of the early land- 
marks of the scientific year, and is looked forward 











to with great interest by lovers of science, for it is 
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there that the newest results of scientific research 
are collected together, and it becomes, to a great 
extent, an illustrated record of the scientific =: 
gress of the year that has away, as well as 
an indication of the lines in which philosophers 
are starting in the work of the year that is begin- 
ing. 
* The Conversazione of the Royal Society, which 
was held at Burlington House on Wednesday 
evening, well kept up the high character of the now 
long series of receptions which the Royal Society 
has given to its friends. The libraries were literally 
filled with objects of high scientific interest, and the 
riod of three hours, during which the conversazione 
Tasted, were all too short for the study which they 
deserved, especially as on such occasions that study 
must necessarily be so largely interrupted by friendly 
greetings and conversation. 

Mr. Crookes, F.R.S., occupying his usual corner 

of the librarian’s room, exhibited a splendid collec- 
tion of radiometers and specimens of his new modi- 
fication of them, to which he has given the name of 
the Otheoscope, or propulsion indicator, This in- 
strument differs from the radiometer in the fact that 
the propelling power is caused by the radiation 
from blackened stationary discs or vanes fixed at a 
suitable angle in the neighbourhood of the movable 
fly and within the exhausted envelope. The vanes 
of the fly, unlike those of the radiometer, are alike 
on both sides, and the action is precisely like what 
it would be if the fixed vanes were emitting jets of 
air and blowing the fly round after the manner 
either of a Robinson’s anemometer or of a smoke- 
jack. In one of these instruments a four-armed fly 
with vanes made of mica rendered opaque by roast- 
ing is supported on a central pivot like the fly of a 
radiometer, and within the glass envelope rigidly 
attached to its sides are three vertical plates of clear 
mica set at an angle somewhat oblique to the axis. 
When a candle is approached the molecular dis- 
turbance caused by radiation from the oblique plates 
impinge on the fly and causes it to rotate. In 
another form a horizontal disc of roasted mica is 
balanced at its centre on a vertical point, and below 
it is a fixed circle of inclined aluminum vanes of 
the form of the wheel of a smoke-jack. Upon ap- 
proaching a candle to this instrument the upper 
disc moves with great velocity, being driven by the 
molecular forces caused by radiation acting ob- 
liquely to the under surface of the upper disc. Mr. 
Crookes also showed an instrument which is the 
converse of the last. In this case the fly is com- 
posed of inclined vanes of aluminum similar to the 
fixed vanes in the instrument last described, and 
below it is fixed a blackened disc of mica. Whena 
source of radiation is approached molecular disturb- 
ance takes place due to the radiation from this 
disc, but as the angles of incidence of the vanes of 
the fly are inclined to the direction of this mole- 
cular disturbance, motion is given to the fly and it 
rotates at great speed. 
_ Of radiometers Mr. Crookes showed some very 
interesting specimens, illustrating very remarkably 
the theory of the radiometer propounded by Dr. 
Johnstone Stoney. In one example a radiometer of 
the usual construction, that is to say, having its 
vanes blackened on one side only, has attached at a 
short distance from and parallel to the black surface 
of each vane a large disc of clear mica. Whena 
candle is brought near this radiometer the fly 
rotates in the abnormal direction, that is to say, 
with its black surfaces towards the light, This 
reversal of motion is caused by the reflection, from 
the clear mica plates, of the molecular disturbance 
set up by radiation from the black surface. In 
corroboration of this hypothesis Mr. Crookes showed 
another instrument in which each vane carried two 
large discs, one on each side. In. this case the 
molecular disturbance, prevented from being re- 
flected backwards by the second equal-sized disc, 
can only escape in planes symmetrical with the 
diameters of the fly, and consequently no motion is 
produced on the approach of a lamp. 

In another new form of experimental radiometer 
the vanes of the fly are of aluminum, bright on both 
sides and cup-shaped, similar to those in Dr. Robin- 
son's anemometer but not so deep. Unlike the ane- 
mometer, however, the vanes rotate with their con- 
cave surfaces forward. The radiation from a standard 
candle placed 34 in. from this instrument, and fall- 
pa Soe taro on both convex and concave surfaces, 
cal the vanes to rotate at a speed of about 
18 revolutions per minute. When a screen was 


placed between the candle and the instrument in 
such a position as to allow it to shine only on the 


‘ment to be inde 





convex surfaces, the vanes rotated in the same 
direction as before, but at the reduced speed of 
8 revolutions per mintite ; the screen was then shifted 
so.as toscreen the convex surfaces, allowing the 
radiation to fall only on the concave surface, the 
rotation continued as before, but at a speed of 8} 
revolutions per minute. Mr. Crookes arranged this 
oe to shown that the repelling influence of 
iation on the convex surface is about equal to 
its attracting influence on the concave surface, and 
that the double velocity at which the vanes move 
when both surfaces are exposed to the radiating 
force is the result of the sum of these two influences, 
As a sequel to this experiment Mr. Crookes showed 
an interesting pair of radiometers similar in con- 
struction to that last described, but having in one 
instrument the concave surfaces blackened, and in 
the other the convex. In the former the usual action 
of radiation is reversed, the bright convex surface 
being repelled and the black concave surface at- 
tracted. In the latter, as might be expected from 
a consideration of the two last experiments, the 
rotation was in the usual direction and very rapid. 
In the former the two conditions of the vanes, viz., 
the curvature of surface and the blackening of one 
side, are acting against one another, the surface form 
having the large influence ; and in the latter the two 
conditions by which the vanes are rendered sensitive 
to the mechanical influence of radiation are acting 
together, and the speed is consequently increased. 

All these instruments are marvels of constructive 
skill, and have been made by Mr, C, H. Gimingham, 
who has been associated with Mr, Crookes in this 
research from the first. Two instruments especially 
ought to be mentioned as examples of extraordinary 
delicacy of manipulation. One was an eight-armed 
radiometer rotating at a great velocity upon a hori- 
zontal axis, which was supported by two glass cups 
so delicately adjusted by fasion of their glass sup- 
ports as to nip the fine needle-points of the horizontal 
spindle, so as to prevent the latter dropping from 
its central position, and yet so free from friction 
that the light of a single candle caused it to “run 
away.” ‘The other instrument consisted, first, of a 
radiometer having four large rectangular vanes; 
each of these vanes carried above it a secondary, 
tiny four-armed radiometer, which consequently had 
a sort of ‘‘ lunar” motion, rotating on its own pivot, 
which in its turn was carried round by the fox 
radiometer. Above the central fly was again 
another radiometer rotating in the opposite direction, 
and the combination of rapid motions in different 
directions and at different velocities within a glass 
bulb about 3in. in diameter produced a most 
pleasing and curious effect, and in addition to its 
marvellous construction it was itself an object of 
great beauty. 

In the ante-room to the principal library,’ Mr. 
Apps showed a very large aurora tube of uranium 
glass, through which discharges from a large coil 
were transmitted, producing the beautiful charac- 
teristic green fluorescence due to that metal. 

In the same room Mr. Ladd exhibited a Holtz 
electrical machine with four plates, the whole appa- 
ratus being enclosed in a glass case, in which the air 
is artificially dried. By this means the great draw- 
back to the use of the Holtz machine in the dam 
climate of this country is removed, and the bril- 
liance of its discharges and the length of its sparks 
on Wednesday night (which was anything but fa- 
vourable for electrostatic effects), proved the instru- 
ndent of external circumstances. 
Mr. Ladd also showed some beautiful specimens of 
fluorescent liquids illuminated by the oxy-hydrogen 
light. ‘They were similar to those which he showed 
at the British Association meeting at Glasgow last 
autumn, and their characteristic peculiarity con- 
sisted in the great difference of their colours when 
viewed by transmitted or reflected light. The 
following Table shows the characteristic colours of 








Substances. Transmitted. Reflected. 
Quinine... { ern =< } Pale blue 
AMsculine ... of ...| Straw colour Pale blue 
Amido-pthalicacid —...|_ Pale yellow Pale violet 
_ é aes Pale green Bright green 
Paviine... Pale green Blue green 
Flnorescine Orange red | Intense green 
Saffronin... a reas Crimson Dirty yellow 











the principal fluorescent solutions. The first column 





is a list of the substances, and the second and third 
columns give their corresponding colours when seen 
by transmitted or by reflected light respectively. 

In the principal library one of the most interest- 
ing objects was the apparatus which Dr. Burdon 
Sanderson, F.R.S., employs in his investigation upon 
the electricity produced by plants and animals 
during muscular contractions or other movements 
in the latter, and sensitive motions as in the Dionea 
or Venus’s flytrap in the former. By means of a 
minute, Lippmann’s electrometer, placed under a 
microscope, Dr. Burdon Sanderson showed the 
electrical effect produced by the muscular con- 
traction of the heart of a frog which had been 
removed from the animal twelye hours before. 
The base of the heart was imbedded in pipecla 
moistened with a solution of sodium chloride, whi 
was connected by means of an unpolarisable con- 
ductor to one electrode of the electrometer. Around 
the apex of the heart was tightly tied a silk 
thread moistened with the same saline solution and 
connected by a similar conductor to the other 
electrode, Metallic conductors have to be avoided 
in connexion with the heart itself, as they would, 
even if made of the same metal, in the pre- 
sence of the saline juices contained in it, act as a 
minute voltaic couple upon so sensitive an electro- 
meter and invalidate the physiological results. By 
means of good illumination and a magnifying glass 
the heart could distinctly be seen to contract at 
intervals of about ten seconds (although so long re- 
moved from the animal), and each pulsation was ac- 
companied by a corresponding movement of the 
mercury in the capillary tube of the electrometer, 
indicating a difference of electrical potential between 
the apex and base of the heart. This electrical im- 
new does not occur at the moment of contraction, 

ut about one-sixth part of a second before it. It 
seems, in fact, to accumulate its energy previous 
to Lear oy | the muscular effort for contraction. 
When the heart is at rest its apex is slightly negative 
to its base, but at about one-sixth of a second before 
it contracts, its apex becomes suddenly positive to 
its base, and is indicated by the pulsation of the 
mercury in the capillary electrometer. This instru- 
ment is small enough to be placed on the stage of 
an ordinary microscope not measuring more than 
about 5 in. by 2 in., and is capable of indicating 
differences of potential equal to that of about one- 
thousandth part of a Daniell’s cell. 

Mr. Tisley showed his very beautiful harmono- 
graph, by which Lissajous’ and Melde’s figures may 

e drawn = paper by a capillary glass pen con- 
taining a coloured ink, In its simplest form it con- 
sists of two heavy pendulums vibrating in planes at 
right angles toone another, and having their rods 
continued above their centres of oscillation. One of 
these rods carries a small flat table upon which is 
fastened the paper upon which the figure is drawn, 
and the other actuates a rod which carries the pen, 
The centre of gravity, and therefore the time of 
oscillation of the latter pendulum, can be altered 
to any required amount, so that the proportions be- 
tween the periods of vibration of the two pendulums 
can be brought to any desired ratio to represent 
harmony, unison, discord, or indeed to illustrate all 
the harmonic combinations of waves of sound and 
music, The curves and figures traced out by this 
instrument are of great beauty, and by a recent ad- 
dition to it, whereby the paper may be slowly rotated 
by aclockwork movement while the vibrations are 
going on, very extraordinary figures are produced, 
some of which illustrate in a remarkable degree the 
laws of interference and of the polarisation of light, 
Mr. Tisley also exhibited Professor Dewar’s electro- 
meter, 

Professor M‘Cleod showed a very interesting ap- 
paratus to which he has given the name of the cy~ 
closcope, by which the speed of machinery or of 
other rotating bodies may be determined with 
minute acc by an optical method of comparing 
the vibrations of a tuning-fork or reed of known 
period with the passage of fractional portions of 
one revolution of the body whose speed is to be de- 
termined. - 

Attached to this body and rotating with it isa 
dise of cardboard perforated in concentric circles by 
series of holes at equal distances apart ; a powerful 


light is placed behind this disc, and a mirror at- 
tached to a tuning-fork forms, by the help of a lens, 
images of the holes as so many bright spots of light 
on a screen when the instrument is at rest, Upon 
causing the fork with its mirror to vibrate these 
spots are drawn out into lines whose len 


is de. 





termined by the amplitude of vibration 


the fork. 
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THE ESTIMATION OF MANGANESE, 
On the Estimation of 5 em in ay ay and 
of Manganese and Iron in 9 Tt tag ron Ores. * 
Epwakp Ritey, F.C.S., London. 
(Continued from page 317.) 

From the foregoing, it is clear that a certain amount of 
carbonate of soda is found in the solution in which the man- 
ganese is precipitated, and I believe this is the cause why 
one always obtains, when acetate and carbonate of soda are 
used, a very appreciable quantity of oxide of zinc, even 
when the percentage of zinc in the ore is not more than .60 
per cent. p 

Some five or six months ago, I found, on examining my 
manganese, that the insoluble residue, that in some cases 
remains after dissolving the oxide, hitherto considered as 
silica, consisted chiefly of sulphate of barium, and I further 
found on adding sulphuric acid to the solution, in almost 
every case I tried, that I obtained a precipitate of sulphate 
of barium, in some cases to such an extent as to have a 
very material effect on the yield of manganese in the sample. 
Taking these two causes of error, when fixed alkaline salts 
are used, the determination of manganese may readily be 
from 2 to 3 per cent. too high. 

I have givena Table of analyses of spiegeleisen cinder, to 


By Mr. 


show that in all cases the cinder contains a little 
In, I believe, all previous analyses of cinder from spiegel- 
eisen, this has been overlooked. 

I am informed, that on the Continent the practice is to 
use acetate of soda, and in cases where I have been asked 
to act as referee by importers of ore, this point has been 
urged, the reason assigned being that with ammoniacal 
salts, as before stated, all the manganese was not pre- 
cipitated. That when acetate of soda is used, higher results 
are obtained, I am quite ready to admit, the cause being 
that oxide of zinc is precipitated frequently in some 
quantity with the oxide of manganese, whereas, where 
only ammoniacal salts are used, only traces are precipitated. 
Take, for example, two cargoes of ore, in which the analysis 
was made by acetate of soda in one case, and by acetate of 
ammonia in the other. 


Carao A. 
Grains of Mn; O Mn; 0, 
Ore taken. Obtained. _ in Filtrate. 
I. 16.465 5.025 .070 
II. 17.32 4.92 -- 
Insoluble Ba SO, by Oxide of 
Residue in Mn; O,. Sulph. Acid. Zinc, &c. 
I. .030 -20 .375 
II. .04 .27 .090 
Carao B. 
Grains of Mn, Mn, 0, 
Ore taken. Obtained in Filtrate 
I. 13.346 4.70 — 
Il. 15.595 5.16 — 
Insoluble Ba SO, by Oxide of 
Residue in Mn, O,. Sulph. Acid. Zinc, &c. 
I. .210 03 190 


Il. Nil ‘19 070 
Nos. I. by acetate of soda, Nos. II. by acetate of ammonia. 


Errors in Estimation of Manganese. 
Due to Oxide Due to 


Cargo A. of Zine. B I ta. Total. 
By acetate of soda 1.64 -73 2.37 
” ammonia .37 -90 1.27 
Errors in ag rn = / prapannene. 
e le e 
Cargo B. of Zinc, &c. Baryta, Total. 
By acetate of soda ... 1.02 1.24 2.26 
a0 ammonia .32 57 89 


I have given, in these two cargoes, the errors due to the 
oxide of zinc, &c., and also due to the The errors 
in both cases amount to from 2 to 2} per cent. The error 
from the is common to both processes, whereas I 
hold the other source of error is very small when acetate 
of ammonia is used. 

Recently, my friend, Mr. John Pattinson, has stated 
that the error may be considerable with the acetate of 
ammonia process. My experience does not lead me to 
agree with his view, and I give below the error due to the 
oxides of zine, &c. : 


cent. of oxide of zinc, &c. In this of ore I deter- 
mined the percentage of oxide of zinc and found it to con- 
tain 2.10 per cent. This is an unusual quantity, and to 
this cause is due the larger amount of precipate obtained 
from the manganese. 

In carrying out the analyses of these ores, one source of 
error, is, I think , the taking too much ore to operate on, 
and using too concentrated solutions to precipitate the iron 
and manganese, and I cannot help thinking this is the 
cause why my friend, Mr. Pattinson, does in some cases 
eae more oxide of zinc, &c., with his manganese than 

0. 

The difficulty with the baryta is one that can very ote 
be remedied, although, perhaps, not quite so easily as woul 
at first be anticipated. It would nai suggest itself 
to any chemist to add a few drops of sulphuric acid to the 
solution of the ore in hydrochloric acid ; this, one would 
naturally think, would separate the baryta. The quantity 
of ta is, however, so small, as a rule, in the Carthagena 
ores, that itis n to evaporate off the excess of acid 
and dilute the solution with water, allowing it to stand 
some hours so as completely to separate the sulphate of 
barium. If this is not done, baryta will be found as sul- 
phate with the manganese, or as baryta in adding sulphuric 
acid to the hydrochloric solution of it. Take a case of a 


*| cargo of ore. The percentage of baryta found was 1.34 


per cent. ; in 18.88 grains of this ore, dissolved in hydro- 
chloric acid, some of the free acid evaporated off, no im- 
mediate precipitate of sulphate of barium was obtained, it 
was necessary to allow the solution to stand some time 
before the sulphate of baryta was oe age he peng 

In two analyses of this ore, the baryta obtained with the 
manganese was as below : 


-- Containing. 
Containing. 
Grains. Mn,0,. Insoluble ~ Soluble 
80. BaSO, Bad. 
Ore taken ... 15.825 gave 3.81 .085 .195—=.128 


or calculating this out 1.15 (out of 1.34 per cent.) of the 
baryta was found with the manganese. Thus showing 
that when there is only a small percentage of ba: in the 
ore the bulk of it is found in the manganese. Again, in 
the same sample : 
Containing. 

Soluble 

Ba SO, BaO. 
Ore taken... 14.055 gave 3.39 -22=.144 
The baryta, with the manganese, amounted to 1.02 of 
1.34 per cent. present in the ore. In this analysis, the 
solution in hydrochloric acid, after separating the silicious 
residue, had a few drops of sulphuric acid added to it, under 
the impression that the baryta would be separated and re- 
main with the basic acetate of iron. This proved not.to be 
the case, thus establishing the curious fact, proved also in 
many other instances, that the manganese carries down 
the baryta, when sulphuric acid fails todoso. This shows 
the ny ! of carefully separating the baryta, and even 
after this, the manganese weighed should be tested to see 
that it is free from it. The above cargo of ore was one 
about which there was a dispute as to yield. To still 
further prove the ay of the precipitation of the 
b with the manganese, I give below the results of the 
analysis 7 Same chemist to bag? any purchasing the ore. 

The yield o in the ore Was : 
ss — —. — Jarvis. 


, Iil. 
Metallic manganese per cent. 17.26 17.36 17.37 
II. and III. are the names of my assistants. I myself made 
a third analysis, separating the baryta first. 
After deducting baryta in Tucker’s and Jarvis’s analyses, 
the percentage was : 


Cubase ing. 
Grains. Mn, O,. no Insoluble 
Ba SO,. 


Metallic Manganese per cent. free from Baryta. 
Tucker. "Sob. Be Mean of Three. 
16.64 16.37 16.54 16.55 


The works would pay on 17.26 per cent., or pay for .71 
per cent. of baryta as manganese; or, on our results, on 
17.36 per cent., or .81 per cent. of baryta. 

I should perhaps mention that the seller’s assay of this 
cargo of iron ore was some 3 per cent. too high; this was 
due, I believe, to the sampling. 


i i Take another case of a cargo of iron ore, the results ob- 
Ore Taken. = Dh gd tained by the seller’s chemist and my own are given : 
15.385 - own -085 Seller’s Chemist. Jarvis. Tucker. 
= ese = 23.78 23.92 23.85 
‘ a d After separating ba‘ : 
17.41 * 040 pon ee Mean. 
ao y+4 = 2 23.14 
. ove ‘ The mean results of my lyses agree withi per 
16.90 .050 cent. with seller’s analyses. On this analysis .64 of 
wo ro was sold as manganese ; in the analyses I give, .74 per 
- . . d cent. 
17.25 .040 I have selected these two cases, as I have results of other 
17.02 -020 chemists besides those obtained in my own laboratory. In 
16.96 .050 many the error due to the baryta is over 1 per 
16.625 -060 cent. ; the error will, in fact, depend on the of 
16.27 040 baryta present in the ore. Take an extreme case, such as 
17.05 135 the m: ese in No. 10 in the Table of analyses, contain- 
17.04 -080 ing 14.87 per cent. of , the difference in the yield of 
16.50 .060 manganese before separating the baryta and afterwards 
16.87... a a .020 was 4.75 per cent. In another case, where the percentage 
13.82 ;.. a ns 010 of was 3.36 in the ore, the quantity precipitated 
14.08 a oe wee -» 060 with the oxide of manganese was 3.15, the ce in 
Average amount of oxide of zinc, &c., obtained in the | yield of by this amount of baryta being pre- 


above analyses from about 17 grains of ore .051 grains= 
to .21 per cent. of metallic ese. 

The above are the determinntions on twenty samples of 
cargoes of manganiferous iron ore. I might add many 
more. In only one case have I obtained more than .10 per 
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cipitated with it, being 2.50 per cent. on the manganese. 
rt oy yee dag a . —— 
ores that baryta is chiefly found. ve very 
frequent cases of a difference of over 1 per cent ; this, in a 
OE SSE Se Be See, eae ange © SEECRES SE oe. 
in its value—a very serious item. 

In calcareous i iron ores, unless some care 


is taken in precipitating the manganese, a certain amount 





of lime is carried down and weighed as . In 
such cases it is desirable to redissolve the perozite after the 
first precipitation, and a it by bromine and 
ammonia; by this means any lime or other impurities 
(except baryta) will be separated. 

Ihave tried numerous experiments on the Italian man- 
ganiferous iron ore, containing much lime, and also in the 
analyses of blast furnace cinder from spiegeleisen. I found 
that by precipitating the oxide of manganese quickly and 
filtering it rapidly very little lime was taken down, and 
that the second weighing of the manganese only gave a 
difference of .30 per cent. less in the yield. If, however, 
great care is not taken, and if the solution is allowed to 
stand for the separation of the em cy eh as recommended 
by some, then I think it quite possible for the estimation to 
be 1 to 2 per cent. too high i 
careous ores, and in ing blast 
epiegeleisen, it is ly necessary to test the oxides of 

ese carefully for lime, to see that it is practically 
free from it. 

Having pointed out the chief sources of error in the 
—— of manganiferous iron ores, I would observe that 
much depends on the carrying out the method of analysis. I 
feel certain, especially where using acetate and carbonate of 
soda, I could make my results vary from 1 to 2 per cent., 
depending upon the different manipulations of the analysis. 

_ Again, a very frequent source of error amongst chemists 
is, to make duplicate analyses on the same quantity of ore, 
and carry out the analyses in precisely the same way. 
The results may agree and yet both be wrong. I hold, if 
an operator take the same quantity of material, in two 
cases, and treats them both in precisely the same way, they 
may agree, but it is no positive evidence that the analyses 
are correct. The same operator treats the same weight 
under precisely the same conditions, the error in the two 
cases will probably be the same, and there is no check ou 
the results. In valuing iferous iron ores when the 
accurate fixing of the percentage is of such importance te 
both buyer and seller, I maintain that no chemist is 
justified in stating that his result is the one upon which 
he price should be fixed. 

It should be corroborated by an independent observer. In 
cases of contract, where my analysis is agreed upon as, 
binding between buyer and seller, I make a practice of 
having two analyses made by two different operators on 
different quantities of ore, each working quite independently 
in different laboratories. These results must agree within 
the errors of experiment, and the mean of the two is taken 
as the yield of the ore. 

To others than chemists, the question would naturally 
suggest itself, thatif there are all these sources of error in 
er yeee, and it would “ry that only espeaty we ern red 
siderable experience could carry out the ses efficien 
that some he arise in obtai ing e i 
young men e the analyses. I may relieve the minds 
of those who entertain this idea, although I am sorry to say 
that the results of chemists do differ, and they are to 
practical men most perplexing. I am happy to say that at 
some of our larger iron and steel works, and amongst those 
that have made the analysis of iron and steel a special 
study, there is a wonderful con ce in the results 
obtained. This on a future occasion I shall most clearly 
prove. The mistake is to sup that it requires a 
thoroughly scientific chemist; it simply requires one who 
nee Bes preci thee ise amen I roe _these analyses 
specially, and there is no in training young men 
with an aptitude for anal to make these “loteshina: 
tions; and I have no hesitation in saying that I have in 
my laboratories young men who have been with me only 
“ months, _ will make the guneen, ag <<a 
and as q yas I can m , and ce ly very mu 
better than the most cclanside Checniete, 

It is true that difficulties do dvcasio arise, such as 
I have pointed out. They, then, require con- 
sideration of those who have given a considerable amount 
of attention and study to analyses, which can only 
successfully be obtained by some years of experience. 


(To be continued.) 





Tux Merzoro.toaeicaL Socrery.—The usual month! 
meeting of this Society was held on Wednesday the 18t 
instant at the Institution of Civil Engineers, the Py OP YS 
Preston, M.A.,in the chair. W. Morris Beaufort and Arthur 
A. Pearson were elected Fellows of the Society. The follow- 
ing papers were read: ‘‘On the Meteorology of Mozuffer- 
pore, Tirhoot, for 1876,” by C, N. Pearson, F.M.S. This 
et eee Se abnormal character of its predecessor, 

t in a different degree, and with wi different results. 
The total fall of rain was 57.59 in., of which no less than 

i in A . September. 


43.34 in. were 
Octo “On the 


the author for observing the changes of atmospheric re- 
fraction optically. ‘‘ Improved Form of Thermometer for 
observing Earth Temperature,” by G. J. 
This apparatus consists of an iron pipe, driven in the 
fo the required depth, and e emall bus 

hermometer, the bulb of which is so protected that no 
change of indication occurs when the thermometer is 
The pipe is closed at 


light rod, but to Fred goed 

depths it is mounted in a short weighted stick a‘ to 

a chain. ‘‘ Note on the Degree of Accordance of 

Mr. Glaisher’s and the Kew Thermometer Standards,” by 

William Ellis, F.R.A.S. This pager gives an account of 
mi 


the comparison of eight thermo’ at the Royal Obser- 
vatory, which ol ben i compared with Mr. 
Glai ’s and the Kew standard thermometers, and the 


result shows that the two standards are 
identical. 
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Begulus (Star) .....0seceee 49 © so 0° 
Baa8s8 (per ib.) — se, a, s. 4. 
Spaeta A x $8 Sh wnsseman 2, © ° 104 
Yellow metal .......0. 0 74 © JF 
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Pd ton)— 2 s. £4 
OBES ccocccsccssescocceccessn «6 § CS 6 10 
he 4 10 
BIER iccccccccsccssectececvseres «6 § 80 606 
OorPrar (per ton)— 

CHUL DOLS ..,..s000ccecceeerre 89 § oo 6° 
1° 76 10 
1° 7 © 

° 82 60 
10 82 0° 
BOttOMs...scccesveeverrors 85 9 86 @ 
[20Nn Ons “(per ton ao @ oo 4, 
Red bh waite B tish 12 0 = © 
uw 1606C(8 8 

Inow Pig 

Barrow 6 eo 6hUC° 

6 65 

° 65 o 

6 co 68 

o 6[U8hle 

6 43 ~«0 

4 ¢ ° 41 ° 

Other qualities srevceee o- 08 0 oo 6h 
Welsh (South Wales)... 75 © 80 © 
» (North Wales)... 62 o 78 0 
No, 1. No.3. 

Scotch _ s 4d. e 4, 

G.m.b,, AtGlASgZOW...00008 $5 6 sa 66 

Gactsherrie 63 «(6 ss 6 

Colt 6; «(6 so 0 

Summerlee so 6 $40 

Langloan 63 © ss 6 

Oarnbroe . s8 6 $4 0 

Monkland. $6 o@ 53 6 

NY GO rcscserseressecscreressecee §6 © s2 6 

Govan, at Broomielaw. ww» §6 © s2 66 

Calder, at Port Dundas... 63 o $$ 0° 

Glengarnock, at Ar- 

GPOBSAD .....csc0rcerrerree 60 6 §§ 0 

—. AIGGO secreerenvee §7 0 $3. 

Dalmellington, ditto...... 56 6 $3 6 
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Ditto, specially selected 70 o _ 

Shotts, Bt LOD ....0000s000 - ° s6 © 

Kinneil, at Bo'ness... 6 2 6 

(The above all delivera fe alongside) 
s. @ s 4, 

Sh IITO srorccrsersevereee 78 @ 88 o 

North Staffordshire... 62 © 70 © 

South 62 © 8 6° 

Yorkshire Thornaby: pig. 60 0 65 o 

Ridsdale Nos.land?,,, 100 © 10g o 

laow, WRouGHT— £ 4. 2 «6. 

Oleveland angles,,,...... 6 © 6 00 

an DATS cccceseseree 6 © 6 6§ 

” belee plates. — 8 10 

” FOES iccccccrcrce § 10 $. 1g 

e ship plates. rn ae | | 7° 

BROCE. .cererre 8 0 8 10 

Scotch coescsccsscesconss 9 @ 7 10 

senccecoeses 10 8 10 

Stalvordehire bars on d ° 8 10 

" lates sone 8 © 9 10 

” LOT 40. 10 © 1 0 

hoo gpl some «8 TO 10 (8 

Welsh alls, BW. senses 6 © 6 158 

- ae 6 10 

an boller plates, sw 9 10 1 10 

» hoops, S.W. ... 8 © 9 10 
4.BAD (per ton) — 

Soft English + eccee sccocce 80 53 a1 3 

” . 23 ° e°0 ° 

Other brands 20 10 a0 613 

Sheet ......... 20hC(Ue a2 10 

PsosPHor Bro 

(per ton) ccocce 3220 COGS 
QUICKSILVER (per ‘pottle) 5 § °° 
Scrap (per ton) — 

Old ls for re-manu- 

PROLUTO ....ccrsersererceeres 4 10 { ° 

Old steel Scrap... § © ° 

SPSLTER (per ton)— 
Silesian, ordinary ......... 230 § 20 (10 
SvtR@ ELBISEN (per ton)— 
B.rorcrssscccsceccccccccocsesce § 7 6 10 
Odin aa $ 10 
Sree. (per ton)— 
Best c eesccececcccsccss $4 © io (8 
o double ‘sh somes 46 © 5° 
eeneee ves ° so °@ 
° a2 (0 
° 0° °o 
10 go 60° 
1° 8 © 
° 13 0 
1° 3 (8 
10 8 10 
° a 
Swap Inon (F.o.b.) at 
Gottenburg— 
seeseerenecessenccssesesscens §=§. © $s ts 
Bar ‘rolled... sessesseteensceess 12 © . 
d 1s pi ° 
Tor x (per ton) — 
erersareerseseesossseen 69 § | 69 10 
co 8c oC 0 
co oc oOo °o 
72 te ve 
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maatiing expenses, was 39,9141., 
the six wo ending December 31, 1 






URENSLAND RaILwars.—The revenue of the 
Government Railways in the second half of 1876, after 


pendibare made by the Queensland Government for railway 
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al 4 e 2 ° (Battens 40s. "than Ditto, ditto, otherkinds o 1 2 o r 4 
te, © a. © Finland deals Ast ...ccee 12 0 0 If 0 0 ee Re Re EAS ae : rs > : ; 
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Wir, Fencing .... 10 1 41 AMERICAN DEALS— Riga, & 6 6 © 6 
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Derbyshire ge «. a — Tedd ie fp Crag ae ten ee | 
> say Srd we °o 8 oo woo rchangel, an 

ey Jie 8 eo H New Brunswick spruce. # 4 A ° 8100 Onega, 18t seccescss 18 © © 19 0 0 

a ar ag ac ham... 8 @ 13 6 Ditto battens soc. 710 0 8 0 0 Ditto, ditto, 2nd 40 0 1§ § 0 
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pitch pine ...........12 190 © 13 10 © wi etersburg 1st 16 1 ° 100 
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Coxs— iinet * 4 6 @ et Uleaborg ...... Ir ec 011200 
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itto waney board 4: @°8x:6::0:.¢ OLD sesserresteteceresteeene 13 0 © 10 0 0 
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Oma (per ieee a. a — pine... $3 °@ 3$3§ © City St. Domingo ©o 8 o1r4 
Seal,. brown ,, “a 29 10 gt 10 ak, Quebec ., G10 @ 710-0 Cuba .. oo 6 0 Oo 9 
pale a 10 Do. United States geo 5.1 0 pS Ee ee © oe s¢ 0 Oo 
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PaTa0Leux— a 4 a ss 4@& m3 es ? 6 om ey i. TF <cccscscsarmeedens OF}: © 01§. 6 
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N. AMECTICAD ceccorrcerseree 38 0 39 © irre . 250 2310 0 St. John’s birch ,..... or6o019 

8. American beef . 42 6 43 «0 Stettin ...... $° 0 310 0 Pitch pine, hewn . org o1ré 

” om pea 4000=—O 42 OG Swedish  .......0 “a, ee. BAWD sseeeee ee es 9 

Australian bo eve qo 660 6 64t C6 ” ian parsoeneece 250 255 © irene, 

° ° an orway and Onega 2000 0 OO 
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AMERICAN IRON AND STEEL WORKS.* 
By A. L. Houiey and Lenox Saira. 
No. IV.—Park, Broruer, anp Co.’s Works. 

Tue Black Diamond Steel Works at Pitts- 
burgh, Pennsylvania, belonging to Park, Brother, 
and Company, although not extensive in compa- 
rison with some of the similar establishments 
abroad, is one of the most important crucible steel 
works in the United States and is well planned both 
as regards simplicity and convenience of general 
arrangement. ‘The engraving shows a ground plan 
of the works. The iron refinery, which includes 
the puddling forge, together with its auxiliary build- 
ings, coal bunks, &c., is 336 ft. by 124 ft. in extent. 
The puddled blooms are hammered under a 3-ton 
double-acting steam hammer, 17, the steam for 
which is obtained from boilers over the puddling 
furnaces. The hammered blooms, after passing 
ever the scales located between the offices, 16, 
are reheated and rolled into bars in the rolling 
mills, 3, and are then converted. ‘The convert- 
ing house, 2, is 60 ft. by 
186 ft. in extent, and 
contains six cementing 
furnaces of 30 tons capa- 
city each. Adjacent to 
the converting house, the 
cemented iron is arranged 
according to different de- 
grees of temper in. bins 
after being broken up and 
selected ready for melt- 
ing. The melting-house 
is shown at 1, and is 
450 ft. in length, contain- 
ing 72 coke melting holes, 
two 24-pot Siemens gas 
melting furnaces, one 30- 
pot gas melting furnace, 
and 8 gas producers, giving 
a total melting capacity of 
30 tons daily. 

The rolling machinery 
is all under one roof; 
there are four engines sup- 

lied with steam from a 

attery of six double-flued 
boilers. This building is 
401 ft. by 217 ft., with an 
addition of 65 ft. by 116 ft. 
in area, and in it is rolled 
all iron to be cemented, 
and also tool, spring, ma- 
chinery steel, &c., from the 
smallest to the heaviest 
size, besides plate and 
sheet steel. This depart- 
ment contains six trains of 
rolls, the smallest being 
8 in. and the largest 30 in. 
The 8 in. and 10 in. trains 
are driven by a vertical 
engine with 23 in. cylinder 
and 30 in. stroke, giving 
150 horse power. By a 
simple and rapid arrangement the speed of these 
trains can be varied from 80 to 290 revolutions 
per minute, according to the work on which 
they are running. The 12 in. and 16 in. trains 
are driven by a vertical-engine; the cylinder is 
30 in., and the stroke 30 in, giving 250 horse 
power. The largest engine is also vertical, having 
a cylinder 42 in. in diameter, and stroke 42 in., 
the horse power being 600. It drives two sheet 
and plate trains, the large plate train consisting 
of one pair of rolls 30 in. in diameter, two pair 24 in., 
and one pair 26 in. in diameter, The fourth engine 
is horizontal with 12 in. —— and 24 in. stroke, 
giving 50 horse power; it drives the eighteen shears 
used in trimming slieets, slabs, plates, &c, 

The forge and hammer shop, 4, is 96 ft. by 
125 ft. and eontains ten steam hammers, the smallest 
being 4 cwt. and the largest 60 cwt.; also five 
heavy helve hammers driven by a vertical 50 horse 
power engine with 14 in. cylinder. This building 
also contains twenty furnaces for reheating ingots. 
The smaller forge and hammer shop, 5, is 60 ft. 








by 132 ft., and contains four double-acting 12 cwt. 
hammers, eight reheating furnaces, and also a battery 
of eight double-flued boilers which supply steam 
to the fourteen steam hammers and to the engines 
which drive the five heavy helve hammers, the 
machine shop, roll turning shop, and fan blowers 
In these two forges all shapes of tool steel bars are. 
produced from }in. up to 8in. in diameter, and also 
railway and other forgings of every description. The 
warehouse and inspecting house are marked 8 and 9 
in the plan. 

To facilitate the transportation of ingots from 
the melting shop, and also of the finished product 
from the mills and forges to the inspecting house, a 
tramway is constructed traversing the yards 
throughout. The crucible house, 11, has a total 
storage capacity of 2000 crucibles. The machine 
shop, 10, is 50 ft. by 52ft., and is well su plied 
with lathes, planers, drill presses, slotting machines, 
bolt cutters, &c. 

The roll turning shop, 6, is 24 ft. by 60 ft. in 











extent, and has complete appliances. A system of 


Store Shad ned 


steam pipes is arranged throughout the entire 
establishm ent in such a manner that steam can be 
used from both batteries of boilers, jointly or 
separately, thus allowing one set to be cleaned 
while the other is running, and also allowing the 
running of such portions of the works as may be 
most needed when steam can be had from one 
battery of boilers only. The works are traversed 
by an underground system of galleries or vaults, 
aggregating 1301 ft. in length, through which the 
ashes and cinder are discharged into the river. 

The capacity of these works is fully 10,000 tons 

r annum, the product comprising every kind and 

orm of crucible steel which the trade requires. 

The exhibit of Messrs. Park, Brother, and Co. at 
Philadelphia was twofold, one portion being in the 
Government Building, and a similar though less 
extensive display in the Main Building. The exhibit 
in the Government Building was surrounded by a 
homogeneous steel railing twisted cold, the supports 
being bars of different sizes, with bases, caps, and 
nuts of homogeneous steel. The display consisted 
of Lake Superior, Lake Champlain and Missouri 
ores, raw, crushed, washed, and calcined ; also loops, 
billets, pig, puddle balls, blooms, rolled iron, blister 
bar, and ingots, some of which were fractured, 
besides steel bars, sheets, and plates: The central 
feature of the exhibit was a very graceful shaft 
composed of round machinery and “ spindle” steel 





surmounted with an ornamental cap anda pennant 
or guidon of steel. The height of the shaft, includ. 
ing the base, was 16 ft., the base being 5 ft. 
in height, and composed of square blocks and bars 
of die steel, the corner columns being octagonal 
diesteeland aiviy cle, The panelsof the base were 
formed of square, flat, round, ‘ pivot” and “ eye pin” 
shapes and sheet steel, both plain and highly polished. 
Some very handsome specimens of boiler and fire- 
box plate were also shown, bent cold in some cases, 
the most striking test being a plate 20 ft. long, 32 in. 
wide, and }in. thick tightly coiled in a roll of the 
same material, A number of large fractured bars, 
reaper knives showing the required tests, oil well 
forgings, bits, reamers, railway frog points and 
plates, and agricultural steel were also shown, to- 
gether with a variety of solid steel edge-tools with 
the eyes punched, and also files, cutlery, taps, 
dies, &c, Several beautifully finished axes, picks, 
and other tools were also exhibited still attached 
to the ingots from which they were respectively 


— 

he exhibit in the Main Building also consisted 
of a display of raw materials and various finished 
products, the specimens of difficult flanging of 
plates in various sha being especially remark- 


|able. The most complex flanging was in the form 


of a large star having a diamond-shaped opening in 
the centre, also flanged. An in agers shown 
which was “‘ cogged,” welded, and ed in diffe- 
rent sizes, decreasing towards the end, illustrating 
the successive stages of manufacture from the ingot 
to the bar. Many tested samples were inclu 

in the display, and a conspicuous feature was a — 
homogeneous plate 168 in. long and 72 in. wide, 
which was beautifully finished, As regards the 
quality of material and workmanship, this com- 
prehensive and tastefully designed exhibit was cer- 
tainly most conclusive, the high finish of the pro- 
ducts, their great variety of , and numerous 
tests, all contributing to render it singularly interest- 
ing and instructive. The exhibit contained every 
variety of crucible steel demanded by the trade, 
and each grade showed especial adaptability to the 
purpose for which it was intended, 








NOTES ON GAS MAKING.—No. VI. 
By R. H. Parrerson. 
PuRIFICATION—BY SOLIDS OR Liquips? 

NEARLY five years ago—in the summer of 1872— 
when visiting as a gas referee the large new works 
of the Imperial Company at Bromley, then in course 
of construction, 1 expressed regret at seeing almost 
acres of ground occupied by purifiers, and only a 
small number of scrubbers; and I remarked to the 
engineers in charge of those works that it would-be 
better, even as matters stood, that the greater 
number of these purifiers were converted into washers, 
in order that the work of purification should be done 
in closed vessels instead of open ones, and by liquids 
instead of solids, 
Shortly afterwards I set forth my views on this 
subject, recommending the employment of alkaline 
solutions (viz., of soda and ammonia) in lieu of purifiers 
charged with lime or oxide of iron, or, further still 
better, to do the entire work of gas purification,—on 
the double ground that such a process would not only 
avoid nuisance, but also be moreeconomical than that 
at present in use. Speaking of the liquid processes 
thus recommended by me the Journal of Gas-lightiag 
Se ae 8, 1873) said: ‘* We should rejoice to see 

e use of lime superseded, on account of its expense, 
as well as the ibility of a nuisance. Thesuccess 
of Mr, Patterson’s process of scrubbing with solutions 
of alkaline sulighines would solve the difficulty at 
once ; and comparatively unimportant additions to 
or alterations of the present plant would secure 
complete purification, without offence in any 
locality.” ‘The gas world, however, is a slow moving 
body, and excepting partial applications of. it, 
pecially at the South Metropolitan Works, this 
important and, as will ere long be acknowledged, 
valuable _change.in the work of gas purification 
still remains unadopted. Let me now state the ques- 
tion as between solids and liquids in purification. 
Firstly, as to the general principle, there can be 
no question as to the superiority, in chemical action, 
of substances employed in a liquid form compared 
with solid substances. On this subject Dr. Frank- 
land in treating of gas purification, writes as follows : 
“As che atiinity acts only at insensible 
distances—in other words, as each atom of the 
combining substances must be in intimate contact 
before the chemical force can be exerted between 




















338 


ENGINEERING. 


[May 4, 1877. 





them—it will be obvious that the physical state | the 


of a body must considerably modify the action of 
chemical affinity. Between solids, for instance, 
where the atoms are congregated together into a 
hard mass, affinity can rarely be exerted, since the 
mobility of the atoms is prevented, and the points 
of contact between the two substances are so few. 
In gases, the repulsion which exists between the 
atoms, preventing their contact, is also generally 
fatal to combination. ‘The /iguid state is therefore 
the most favourable to chemical union. The 
ultimate particles of a liquid are sufficiently mobile 
to allow it to mix intimately with the substances 





ractice in gas works corresponded with that 
belief, that oxide of iron was capable more or less 
of absorbing sulphur in all the forms in which it 
existed in coal-gas ; and when the practical experi- 
ments instituted by myself and colleagues in 1870 
showed that this was a mistake, the testimony of 
those experiments was at first received, in some 
quarters at least, with incredulity. 

The cause of the general adoption of oxide of iron 
(after its capacity for revivification had been demon- 
strated under Mr. Hills’ patent) was its supposed 
economy compared with lime. But this also was a 


nistake,—and indeed it is a mistake even now, when 


with which we wish it to combine, while they are | oxide of iron in many cases can be obtained gratis. 


sufficiently approximated to be within the sphere of 
chemical attraction. The old maxim of the alchemists 
still obtains—‘ Corpora non agunt nisi sint soluta.’” * 
Next let me compare the relative qualities of 
liquids and solids in gas purification in actual detail. 
. Astolime. Every one acknowledges the nui- 
sance occasioned by the employment of this material 
in purification, both to the labourers on the 
woe and to the inhabitants of the locality. My 
new process of employing lime (previously de- 
scribed}) lessens this defect to some extent, by 
getting the fouled material in a more manageable 
‘orm; the greater part of the lime coming out of 
the purifiers in the inodorous state of carbonate, 
while the sulphur, instead of being spread generally 
through the whole mass of the spent lime, is now 
confined to certain purifiers, and to only about one- 
fourth part of the lime. Nevertheless, being used in 
open vessels—i.¢., in the purifiers, which have con- 
stantly to be opened and recharged—the fouled lime 
must occasion more or less nuisance, however em- 


waget 

ext, as to the difficulty of disposing of the fouled 
lime. This is a serious affair in the London Gas 
Works, as well as in the works of most of our 
large towns. Even at the ton Works, although 


situated out of town, the refuse lime cannot be got | P 


rid of save at great expense; so much so, that it 
has been stated by the Chartered Company that the 
difficulty of disposing of the spent lime may soon 
compel them to abandon the use of this material 
altogether. ‘‘ Necessity is the mother of invention ;” 
and I believe the cempany will have ample reason 
to congratulate themselves if they be thus driven to 
the adoption of the better and cheaper processes of 
purification which they are still reluctant to adopt. 
Next, as to the purifying efficiency of lime as a 
solid material, It is impossible to use a solid ma- 
terial like lime without great waste. The gas does 
not and cannot diffuse itself freely, so as to come in 
contact with all parts of the purifying material 
equally—indeed a large portion of the lime is not 
acted upon at all. Clegg >. 1868) reckons the 
pm of lime which is thus wasted in the puri- 
at from one-fifth to one-fourth of the whole 
quantity. Dr. Volcker gives the following analysis 
of spent gas-lime, dried at 212 deg. Fahr. : 
** Water of combination, and a little organic 


matter Be ad #* 1h oo. 7.24 
Oxides of iron and alumina, with traces of 
hosphoric acid... oe és oe 2.49 
8 te of lime 4.64 
ite of lime on 15.19 
Carbonate of lime... hol 49.40 
Magnesia and other alkalies 2.53 
Insoluble silicious matter ... 0.28 
Caustic lime ... oe oe 18.23 





1 iy ” 

In this case the proportion of “ caustic lime”— 
é.¢., lime unacted upon, and therefore wasted—is 
less than the usual quantity, as stated by Clegg ; 

et is not even this amount of waste enormous? 
tis a loss of one cartload out of every five that 
enter the works, and also a loss of one-fifth of the 
wages for labour in filling and emptying the puri- 
fiers. In fact, no solid purifying material can be 
permeated or interfused with the gas to the extent 
which always and necessarily oceurs when liquids 
are employed. 

So much for lime. 

II, The only other solid generally employed in 
gas purification is oxide of iron, It is a curious fact 
that oxide of iron was adopted instead of lime at 
the very time when the presence of the deleterious 
sulphur compounds other than SH, was discovered 
and was being loudly complained of, and which as 
now well known, are quite irremovable from the 
gas by oxide of iron. But it used to be believed 
(and I know it was believed so late as 1870), and 


* Vide latest edition of ‘‘ Clegg’’ (1868), p. 26. 
+ See ante page 41. mew 4 








When this material alone is employed in the purifiers 
was the case until recently in nearly all the 


as 
a gasworks), a large quantity of carbonic acid 
| is left in the gas, whereby the illuminating power 


is greatly impaired. The importance of taking out 
all the CO, as a measure of economy or direct 
profit to the gas companies I have already shown,* 
and it is generally recognised, and accordingly the 
use of lime has now been reverted to by all the gas 
companies in London, Upon this ground, as well as 
because oxide of iron has no Fg to remove the 
bisulphide of carbon, I regard the employment of 
this material as a mistake except in ‘‘catch purifiers,” 
i.e., vessels employed after lime has been used to 
decarbonate the gas, and to form an alkaline 
sulphide (CaS), and merely to arrest any overflow 
of sulphuretted hydrogen from the lime vessels. 

The waste of material when a solid is used in 
gas purification (which is so great a drawback upon 
the use of lime) is of little or no consequence as 
regards oxide of iron, because this material when 
fouled is not thrown away, but is regularly revivi- 
fied and used over and over again in the purifiers, 
so that the only loss arising from some portion of 
the oxide of iron not being acted upon each time it 
is used is a little extra boar in recharging the 
urifiers—which work would not be needed quite so 
often if the whole of the oxide of iron did its proper 
amount of — each time the purifiers were 
charged with it 

Now, then, as to the liquid processes employed in 
washers or scrubbers, which I anticipate ‘will ere 
long supplant the present purifiers, and the use of 
solids in gas purification. 

Firstly, as to the results which it is necessary to 
attain in any perfect or satisfactory system of gas 
purification. The primary, if not also the most 
important, of these is the extraction of carbonic 
acid, and also the manner in which this is done; 
because, as I have shown in previous articles, if this 

art of the purification be done rightly, all the rest 
ollows dual and readily. Accordingly, any efficient 
system of purification by liquids (as also by solids) 
must be of a kind which will insure the complete 
removal of the carbonic acid, and in such manner 
as will suffice to produce pure alkaline sulphides of 
one kind or other, so as to absorb the bisulphide of 
carbon. 

The liquid processes which I recommended in 1872, 
in lieu of purifiers, were applications of solutions of 
soda and ammonia in washers or scrubbers. Soda 
had never previously been employed in gas purifica- 
tion, nor has it yet been adopted in gas works, with 
the exception of a short period at Beckton soon 
after I had made known my invention (at which 
works, however, it was tried in the purifiers, and 
therefore I presume as a solid, in which form it is 
wholly useless) ; but the Journal of Gas-lighting has 
repeatedly recommended my process of using soda, 
viz., in solution, as likely to prove advantageous as 
well as effective. The drawback is the much 
greater first cost of soda compared with lime, but 
this drawback will wholly disappear if, as I believe, 
the spent material can be profitably revivified and 
used over again. Moreover, as [ shall show in the 
sequel, there is a most important economy in the 
use of liquids (such as soda) over lime, as thereby 
the entire /abour connected with purification is dis- 

nsed with, with a corresponding saving of wages. 

oreover, in 1872, no successful process of revivify- 
ing gas liquor had been devised, owing to the loss 
of material occasioned by the great volatility of the 
ammonia ; whereas soda, not being volatile, did not 
present a difficulty of this kind. 

Meanwhile I may here remark that when I first 
recommended the employment of soda in solution 
(in 187 2) the ‘‘ sulphur difficulty” was felt to be so 
overwhelming, and a remedy for it was so urgently 
needed, that the London gas companies were willing 
to incur almost any expenditure if thereby the 


* See ENGINEERING, vol. xxii., page 507. 








sulphur impurity in their gas could be kept down. 
For example, Mr. F. I. Evans, a gas engineer of 
life-long experience and of high reputation, after 
long but fruitless efforts, and in despair of other- 
wise diminishing the ‘‘ sulphur,” not merely had 
recourse to, but patented for himself, a most costly 
porous with this object, identical in principle with 

r. Bowditch’s old plan, by which the gas passed 
through highly-heated iron pipes, in conjunction 
with superheated steam—the object being to convert 
the bisulphide of carbon into sulphuretted hydrogen ; 
the gas, of course, requiring thereafter to be cooled 
anew, and the sulphuretted hydrogen being removed 
by a further or extra purification. This process 
would have required an extent of furnaces and 
stacks of pipes which, together with the extra con- 
densers and purifiers, would have amounted to a 
little gas works of itself; and the cost of such a 
method of purification, adopted merely and wholly 
for the removal of the bisulphide of carbon, would 
have been enormous. In fact, not to —_ of soda, 
even if potash, the most expensive of all the alkalies, 
were employed by my process, it would be much 
cheaper (as well as more eflicient) than this costly 
and cumbersome process relied upon and patented 
by Mr. Evans in 1871, but which proved unsuc- 
cessful after all. 

My personal experience of these liquid processes 
is as follows: Having discovered the right process 
of gas purification by means of lime, it became at 
once obvious to me that identical results would be 
attainable by employing other suitable alkaline sub- 
stances; and I also saw the advantage of employ- 
ing soluble alkalies (lime is hardly at all soluble) as a 
means of avoiding nuisance in gas works. Having 
first ascertained by practical experiment that the 
primary requisite—viz., the power of CO, to expel 
the sulphur from sulphuretted solutions of soda 
and ammonia—held good to the same extent as with 
lime, I proceeded to test the operation of these 
alkaline solutions upon the gas relative to their ab- 
sorption of the ‘“‘sulphur” impurity which had so 
long been the insuperable difficulty in gas purifica- 
tion. I first tried simple solutions of caustic soda 
and ammonia in a small coke scrubber about 4 ft. 
in height, through which I passed the purified gas; 
and the result was that the “‘ sulphur ” was reduced 
by from one-third to one-half. This result is ob- 
viously attributable to the acidulous character of 
the bisulphide of carbon, whereby a considerable 
portion of it was absorbed ‘by the caustic alkaline 
solutions. ‘This fact is notable, as showing the supe- 
rior efficiency of liquids or solutions over solids, for 
no such result is attainable by caustic lime, although 
it is an equally potent alkali as soda or ammonia. 
Thereafter, I sulphurated these alkaline solutions, 
converting them into sulphides of sodium and of 
ammonium ; and I found that when fresh (for the 
purified gas supplied to the office contained CO,, 
which rapidly desulphurated my material), they 
reduced the ‘‘ sulphur” regularly to about 4 grains, 
downwards to .3 or one-third of a grain; and in one 
instance to wi// I may add that this best result 
was obtained from my soda solution. 

In the summer of 1872, I asked Mr. G. Livesey 
to try my soda process at his works, which he kindly 
undertook to do. But it is not easy to disturb the 
routine of a large gas work so as to try a new 
arrangement ; and to try my soda process properly, 
some of the ordinary scrubbers would have been 
required to be taken from their own work for this 
purpose, and also to enable me to sulphurate the 
soda solution in the best manner, viz., by means of 
the sulphuretted hydrogen in the gas, in which case 
it would have been a to decar- 
bonate the gas. I could not Mr. Livesey to do 
this, nor was it practicable for him to do it. Accord- 
ingly I had, in the first place, to sulphurate my 
soda solution by means 0: — in a solid form, 
namely, by mixing 1 lb. of sulphur with 2} 1b. of 
soda to each gallon of water, and then heating the 
solution with steam so as to dissolve and combine 
the substances. And here a great mishap befell, 
but one which had at least the good effect of show- 
ing what an amoant of rough treatment a sulphide 
of sodium solution will bear without losing its che- 
mical power. The 1000 gallons of this solution had 
been placed in a small tank usually employed for 
holding gas-liquor; and one of the workmen, not 
knowing of the change, inadvertently emptied 
about 10,000 gallons of fouled gas-liquor into the 
tank among the sulphide of sodium. What was to 
be done? Rather than put Mr. Livesey to the 
trouble and expense of a new solution, I proposed 
that we should try to recover our sulphide of sodium 
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solution by driving off the gas liquor, which was 
largely charged with carbonic acid, Once more, 
then, the tank was heated with steam, and kept at 
the boiling point, and the evaporation was con- 
tinued until the 11,000 gallons were reduced to 
about 2000 gallons, only half its original strength. 
No trial could be more severe, indeed outrageous, 
than this; but autumn was now advancing, and 
rather than give up my sole chance of a trial, how- 
ever inadequate, we resolved to make the experi- 
ment. Nor was even this the whole of the difficulty. 
The daily gas make was increasing rapidly, and yet 
the only apparatus available for the experiment was 
an old and very small scrubber, about 12 ft. high 
and narrow in proportion, It was impossible to pass 
the whole gas-make through so small a vessel, but 
we passed about half of it through, necessarily with 
unusual rapidity; and on this account, as well as 
the smallness of the vessel, the contact of the gas 
with the sulphide of sodium was merely momentary. 
Nevertheless the result, as computed for the portion 
of gas operated on, was to reduce the sulphur from 
upwards of 30 to 15 or 17 grains, I have narrated 
this incident because there are some points of in- 
terest in it, but it is superfluous to say that such a 
trial gives no proper indication of the efficiency of 
sulphide of sodium, which in laboratory experiments 
I found to be fully as powerful upon the ‘‘ sulphur” 
as either sulphide of calcium or sulphide of ammo- 
nium. 

No objection as to cost can apply to my other 
liquid process, in which I employ ammonia to do 
the entire work of purification. This process must 
manifestly be of the very cheapest and simplest 
kind; because I thereby make one gas impurity 
(NHs) to take out all the others (CO,, SH», CS,), 
while itself being simultaneously eliminated from 
the gas. The purifying material employed is 
supplied by the gas itself, costing nothing, while, 
after being fouled in gas purification, it can be re- 
vivified and used over and over again without limit. 
Mr. Hills, of Deptford, after some unsuccessful 
attempts, has lately invented an apparatus for re- 
vivifying gas liquor without any loss of ammonia, 
and thereby has conferred a. great boon upon gas 
manufacturers, of which, however, they appear to 
be marvellously slow to take advantage. The appa- 
ratus is regularly at work at the South Metropolitan 
Gas Works, and Mr. Livesey informs me that he 
can now purify his gas with this material at /ess than 
one-half the cost of lime; while ultimately, the 
ammonia is disposed of, as at present, as an article 
of commercial value. 

My process for the entire purification of gas by 
means of the ammonia contained in and obtained 
from it is as follows: A supply of caustic ammonia 
is to be obtained by revivifying a portion of the 
ordinary fas liquor (say by Mr. Hills’ apparatus), 
and thereafter this solution of ammonia is to be 
put into washers or scrubbers, which are to take 
the place of the existing purifiers, and which are 
to be worked in combination with the ordinary 
washers or scrubbers, i.e, those employed for 
taking out the ammonia, In fact the entire work 
of gas purification, alike from ammonia, carbonic 
acid, sulphuretted hydrogen, and bisulphide of 
carbon, is thus to be performed simply by a series 
of washers or scrubbers, without any purifiers. 
The whole series of these alkaline vessels is to be 
worked exactly by the same process as I devised 
fcr the working of lime purifiers, but attaining far 
wider results, viz., the entire purification of the gas 
after it leaves the condensers. That is to say, the 
first set or section of these washers or scrubbers is 
to be employed while extracting the ammonia, to 
take out with it the whole of the carbonic acid, in 
such manner that the sulphuretted hydrogen is 
driven forward into the second section of these 
vessels, wherein pure sulphide of ammonium is 
produced, and the bisulphide of carbon is extracted 
from the gas along with the sulphuretted hydrogen. 
A washer or scrubber containing fresh water is to 
be used last of all, in order to remove the last 
portion or traces of ammonia, and together with 
it any traces of sulphuretted hydrogen which may 
go forward from the sulphide of ammonium vessels, 
Be it observed that fresh water of itself has a power 
of extracting sulphuretted hydrogen from the gas, 
being capable of absorbing 24 times its own bulk of 
SH,; and in proportion as the water absorbs 
ammonia its power of absorbing sulphuretted hy- 
drogen is increased. 

By these above-described liquid processes of gas 
purification, purifiers can be entirely dispensed 
with, although, if preferred, a small portion of oxide 


cently invented apparatus of this kind, whic 





of iron may be employed last of all, as an additional 
‘* catch ” vessel. 

As I am not in the fortunate position of gas ma- 
nagers who can try new systems of purification on 
a manufacturing scale and in full detail, I cannot 

ut into exact figures the relative cost of usin 

ime, oxide of iron, and the solutions of soda an 
ammonia ; but I may say of oxide of iron that the 
old system of employing this material alone in gas 
purification (as generally practised in London from 
1850 until after 1872), instead of being a cheap is 
really a most costly one, owing to the large quantity 
of carbonic acid left in the gas, which by its reduction 
of the illuminating power costs the companies a 
much larger sum than the whole costs of purifica- 
tion.* And, as regards the other points of the pre- 
sent question, I may say confidently : 

1, That liquid purifying materials are more effi- 
cient in their action on the gas, and their absorbent 
capacity can be more fully developed than is the 
case with solids—thereby avoiding the waste of ma- 
terial that occurs when lime is used. 

2. That a solution of ammonia does the same extent 
of purification as lime at half the cost. 

3. There is a further saving ; for the cost of labour 
in working washers or scrubbers is almost #i/—in 
fact, no manual labour is needed at all; whereas, 
the cost of labour’ on purifiers is a heavy item, 
amounting on the average to one-half the costs of 
purification—in other words, the labour costs about 
as much as the material. 

4. The nuisance and nausea of the workmen em- 
ployed in emptying and refilling the purifiers is 
wholly avoided—the washers and scrubbers empty- 
ing themselves into covered receptacles. 

5. The liquid processes would avoid the creation 
of any nuisance to the public, so that the work of 
gas purification could thereby be carried on in any 
neighbourhood without offence. To requote the 
words of the Journal of Gas-lighting, these processes 
of mine, ‘‘ would secure complete purification, with- 
out offence, in any locality.” 

These advantages, both as regards economy and 
nuisance, of my process of purifying gas entirely 
by means of ammonia are so great and obvious that 
I am confident as to the ultimate adoption of that 
process in all large gas works, It is only a ques- 
tion of time, Apart from the = question 
of nuisance, the annual saving by this process 
compared with either lime or oxide of iron—taking 
into account the gain of 9 per cent. in illuminating 
power made by each and all of my new processes 
compared with oxide of iron, is such that in two or 
three years in the London gasworks, it would com- 
pensate the replacement of the existing purifiers by 
washers of the newest and best kinds, viz., those in- 
vented during the last twelve months by Mr. Livesey 
and Mr. G. Anderson respectively, moreover there 
would be little cost in utilising the present purifiers, 
by converting them into washers—not, it is true, of 
the best and newest form, but of the kind that has 
been universal up to a year ago. Purifiers are merely 
iron tanks, fitted with removable sieves or trays; 
and as these tanks are gas-tight, @ fortiori they are 
water-tight, and therefore by removing the trays 
they can at once be converted into washers, or rather 
(as purifiers are usually 4 ft. deep), into two or three 
washers placed one above the other, Probably it 
was in reference to this proposed conversion of the 
existing purifiers (made in my treatise on gas puri- 
fication in 1874) that the Journal of Gas-lighting, in 
commending my liquid processes, observed that only 
‘comparatively unimportant additions to or altera- 
tions of the present plant,” would be needed for 
their adoption. I may add that a new motive for 
an extended employment of washers in gas puri- 
fications has been created by Mr. G. pate bs re- 

costs 
little more than a tenth part of the price of the best 
kind of scrubber, like . Mann’s, and yet does 
about thrice as much work in purifying the gas. 





AmERICAN CoAL.—An extensive basin of coal is stated to 
have been found in the valley of the Arkansas river. 





Tramways IN Paris.—At the commencement of last 
year, the Paris Tramways Company had five miles of line 
opened for traffic. In the course of 1876, new sections 
were completed and brought into operation, to the extent 
of; 214 miles, making 26F miles in working December 3, 
1876. Steam traction is stated to have been successfully 
introduced by the company between the Montparnasse 
station andthe Place Walhubert. 


* See ‘‘ Notes on Gas Making, No. III.,”” ENGINEERING, 
vol. xxii., page 507, where the gain in illuminating is fully 
shown. + Ibid. — 
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Geological Survey of Victoria. of Progress, by B. 
Broveu Smytu, F.L.S., F.G.8. af ih hers 
on the logy, Mineralogy and Physical Structure of 
various Parts of the Colony, by Frep. M. Krauss, 
R. A. F. Murray, A. W. Howrrr, F.G.S., Norman 
Taytor, T. Cowan, W. Nicuouas, F.G.8., and J. C. 
Newsury, B. Sc. elbourne: John Ferres ; London: 


Triibner and Co. 
TuE carefully prepared series of reports contained 
in this volume form a valuable addition to our in- 
formation concerning the geological features of 
Victoria, and they will be read in many quarters 
with very considerable interest. In his ‘ progress 
report” Mr. R. Brough Smyth, the chief inspector 
of mines for the colony, gives an excellent analysis 
of the various reports of his colleagues, which he 
appends, and pays just tribute to their value, and 
from his statements we are glad to find that the 
geological survey of the colony is progressing most 
avourably. Mr. Smyth also gives an interesting 
account of a visit paid by him in February, 1875, to 
the high plains at the sources of the River I)argo. 
Of the low-lying and generally level tract between 
Wangaratta and the base of the at Buckland 
range Mr. Smyth found a considerable portion under 
tillage, but he remarks that the system of cultiva- 
tion followed is such as tends to greatly exhaust the 
ground, there being little or no attention to proper 
rotation of crops and the land not being manured. 
The course followed appears to be to grow wheat 
as long as the soil continues productive and then to 
abandon it. 

Respecting the gold-yielding districts of Victoria 
Mr, Smyth gives a vast amount of information, 
topographical, geological, historical, and botanical, 
but we regret that our space will not permit us to 
attempt even a summ of the facts he places 
before his readers, highly interesting although these 
facts are. Of the first geological map of Australia 
ge ee Tasmania), which has now been issued, 

r. Smyth speaks at considerable length, and in 
connexion with it he describes the principal geolo- 
gical groups and formations of the continent, while 
subsequently he proceeds to speak of the paleonto- 
logy of the colony, his remarks containing a good 
summary of the progress so far made in this branch 
of inquiry, a branch in which Professor McCoy has 
for many years been an earnest worker. 

Of auriferous pyrites there are, Mr. Smyth in- 
forms us, enormous quantities in Victoria, but so 
far little appears to have been done with the mate- 
rial, attempts to utilise it in the manufacture of 
sulphuric acid not having been commercially suc- 
cessful, while the processes which have been intro- 
duced for extracting the gold from the mineral have 
not, so far, proved practically satisfactory. Attempts 
made to derive gold from mine waters have also, so 
far, only given negative results, but Mr, Smyth 
informs us that the whole subject of whether gold is 
deposited from such waters is now reaper very 
careful investigation. Respecting the beautiful mi- 
neral zeolite, discovered about fourteen years ago by 
Mr. Charles Wilkinson, at the basalt quarries at 
Richmond, Mr. Smyth gives some interesting parti- 
culars, and he quotes the —— of Professor von 
Rath, that the zeolite is not Herschelite, as it was at 
first deemed to be, but phacolite, and the most 
beautiful example of this rare mineral, An account 
of the progress made with the surveys of quartz 
mines, and an acknowledgment of the assistance 
which his department has received from geologists 
and others, brings Mr. Smyth’s able report to a con- 
clusion. 

Of the other valuable reports which the volume 
before us contains we can do little more than give 
the titles. Thus Mr. Fred. M. Krausé contributes 
a ‘** Report on the Geological Survey of the Ararat 
Goldfield”; Mr. Reginald A, F. Murray, a ‘‘ Report 
on the Geology and Mineral Resources of Western 
Gippsland,” and a “Report on the Forests of 
Western Gippsland”; while from Mr. A, W. 
Howitt, F.G.S., we have ‘“* Notes on the Micro. 
scopic Examination of Igneous Rock Specimens 
from South-Western Gippsland” and ‘“ Notes on 
the Devonian Rocks of North Gippsland,” these 
latter “Notes” being well illustrated by charac- 
teristic sketches. Mr. Norman Taylor, too, contri- 
butes a ‘ rt on the Geological Survey of the 
Stawell Goldfield,” and Mr, Thomas Cowan a ‘‘ Re- 

rt on the Kilanedar and Cape Patterson Coal- 

elds,” and Mr. William Nicholas, F.G.S., adds a 
valuable index giving ‘‘The Localities of Minerals 
which occur in Victoria” and also contributes a 
report on “The Reported Discovery of Coal at 
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Sunbury,” a discovery which appears to have been 
imaginary. Lastly, we have a laboratory report 
from Mr. J. Cosins Newbury, B.Sc. 

The volume we have been noticing is copiously 
illustrated by maps and lithographic and other 
engravings, while it is well edited and well printed 
and is altogether most creditable to the colony 
which has produced it. 
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THE PENNSYLVANIA RAILROAD. 
No. XVIIL—Tue A.roona SHops—(continued). 
4. The Main Foundry.—The main foundry, Fig. 10, 
where all the locomotives, cars, and general castings 
are produced, is a rectangular brick building 250 ft. 
long by 150 ft. wide, and 34 ft. 10} in. high from the 
floor to the roof ties. It is lighted by side windows 
21 ft. 6 in. by 8 ft. 10 in., and the roof is surmounted 
y a ventilator 213 ft. long and 29 ft, 8 in, span. 
e shop is lighted at night by five groups of 
burners, having 20 in each group, and suspended 
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from the ties of the roof in a line along the whole 
length of the building. The cupola house is placed 
at the side of the foundry, and about the centre of 
its length. It is built of brick, in two stories, and 
measures 40 ft. by 28 ft. It contains two Mackenzie 
cupolas, used alternately, and each capable of 
melting ten tons of ironperhour. Thirty tons is the 
average amount melted daily at the works. The fol- 
lowing are the principal dimensions of the cupola at 
the level of the tuyeres: main diameter 7 ft. 6 in., 
minor diameter 3 ft.6 in. The area is 2969 square 
inches, and the melted metal chambers contain 
about three tons of iron. The material is conveyed 
to the cupolas from the yards where the pig, scrap, 
and fuel are stored, in cars running on a shop rail- 
road of 2 ft. gauge. Arrived at the cupola, they 
pass upon the platform of a hydraulic hoist within 
the house, and are raised to the desired level. 
Outside the cupola house there is a yard 40 ft. 
wide, around which are ranged several single story 
brick buildings about 30 ft. wide, and devoted to the 
following peoes: On one side is a pattern shed 
16 ft. 4 in. by 30 ft., employed for storing patterns re- 
quired for immediate use, then a room 23 ft. b 
30 ft., containing three cinder mills, two of which 
were built by Messrs, W. Sellers and Co. ; doors in 
this building ‘communicate with each cupola, and 
also with the open court. Adjoining is the cupola 
house of the wheel foundry, 40 ft. by 29 ft. and 
beyond that is the engine-room, This contains a 
pair of horizontal direct-acting blowing engines, 
constructed by the I. P. Morris Company, and sup- 
plying blast toall the cupolas. The steam cylinders 
ofthis engine are 18 in. in diameter, the blowing 
cylinders are 48 in. in diameter, and the stroke in 
each case is 30in. The main blast pipe is 24 in. in 
diameter throughout, and forms an air reservoir. 
The air pressure is oan | raised from the com- 
mencement of the heat in the cupolas to the end, 


the increase being allowed to compensate for the 
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clogging up of the tuyeres during the heat. The 
normal speed of the engines is 60 revolutions per 
minute, and the quantity of air delivered at this 
speed is 7500 cubic feet per minute. If, however, 
three cupolas are in blast, the speed of the engines 
has to be increased to 80 or 90 revolutions per 
minute. In the same engine-house is a vertical 
engine with 12 in. by 16in. cylinder, which supplies 
the power required for running the cinder mills, and 
the machinery in the pattern shop. The power is 
taken off to this sho by a } in. wire rope running 
over wheels 7 ft. in diameter. Besides these engines 
in this house there are two duplex Worthington 
pumps, and an accumulator supplying water under 
a pressure of 400 Ib. per square inch for working 
the hydraulic machinery. The boiler-house is ad- 
jacent to the engine-room, and contains two multi- 
tubular boilers furnishing ’steam to all the engines 
and pumps, and finally there is a core room and 
ovens for the wheel foundry. me 

On the other side of the court is a building 90 ft. 
long and 30 ft. in width, employed exclusively for 
cleaning castings. It contains a hydraulic crane, 
capable of lifting the heaviest castings produced in 
the foundry. A second crane and an elevator have 
just been placed in this room, and for the service 
of the shipping room which is adjacent, 48 ft. 6 in. by 
30 ft., and contains the office of the foundry foreman. 
The doors of this shop open on one of the sidings in 
the yard, so that cars can be brought alongside and 
loaded. As will be seen by the plan there is at- 
tached to the main foundry a large wing measuring 
138 ft. Gin. by 71 ft. Gin., containing a core room 
81 ft. 8in. by 75 ft., and two core ovens, one 
11 ft. 6 in. by 27 ft. 6 in., and the other 22 ft. 4 in. by 
27 ft. 6 in. e former is employed for drying the 
cylinder moulds. In the same building there are 
two sand rooms one 18 ft. by 56 ft. 6 in. for preparing 
facing sand, and the other 56 ft. by 39 ft. for storin 
green sand. There are also two additional san 
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TaBue No. VI. 
PADDLE ENGINES FOR LIGHT-DRAUGHT STEAMERS. ESTAS OFT ARGENT 
CONSTRUCTED BY MESSRS. ALEXANDER WILSON AND CO., ENGINEERS, LONDON. a Sa hh a aaa 
» |e “ 
Nature of Casting, | 3 | O8 E df 
s. | 28 mepe E> 
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Phosphor-bronze bearings | 200 104 23 48 1 3.75 
Cast-iron brake blocks ...| 300 179g | 3) 25 143 {72 
= » shoes 300 | 13 | 3 36 138 |5. 








HORIZONTAL ENGINE. 














CONSTRUCTED BY THE GENERAL ENGINE AND BOILER COMPANY, ENGINEERS, LONDON. 


stores, one leading to the brass foundry. Upon 
an upper floor in this wing there are admirable 
arrangements for the use of the moulders, com- 
prising ten well-fitted up bath rooms, and a large 
washing trough, These are all supplied with hot 
and cold water, and are fitted with every atten- 
tion to comfort. Adjoining the room is a pattern 
shop communicating by a foot bridge 58 ft. long 
with the pattern house, a two-story brick building 
100 ft. by 50 ft. This building is otherwise isolated, 
and some efforts have been made to render it par- 
tially fireproof. 

A second wing of the main foundry contains the 
brass foundry, 58 ft. 7 in. by 95 ft. Here are 
eighteen melting furnaces, arranged in a circle 
21 ft. in diameter, around an uptake 70 ft. high, 
radial flues connecting the latter with the furnaces. 
These furnaces are lined with a cylinder of firebrick 
16 in. in diameter inside, 27 in. long, and 4 in. thick. 
A small flue 5 in, wide and 4}in. high is cut out at 
the top. The spaces between the furnace and the 
flues are filled with coke and charcoal for imme- 

use, 
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Phosphor-bronze is used for all joursele, bear- 
ings, connecting-rod brasses, &c, All standard car 
bearings are made upon a special moulding machine, 
constructed by Messrs. Sellers and Co., and which 
we hope to illustrate shortly. Iron patterns are used 
in this machine, on which four bearings are moulded 
at a time, and 200 are turned out per day by two 
men, and besides the great economy thus effected 
as compared with hand-moulding, the castings are 
all absolute counterparts of each other. 

Somewhat similar machines are also employed 
in the iron foundry for moulding brake blocks, 
shoes, &c. With each of these 170 brake blocks 
and 280 shoes can be produced per day. Another 


great saving in this respect is effected by means of | ; 


a moulding machine for a number of small castin 
in the same flask and at the same time, No hand- 
ramming is required in these machines. : 

The following comparison between machine and 
hand moulding will serve to show the advantage of 
the former process as regards saving in time and 
labour, while a perfect uniformity in the castings 
produced is also secured : 























The irons generally used in the foundry are an- 
thracite irons from the furnaces on the Schuylkill and 
Lehigh rivers, and large amounts also from the Allen- 
town, the Catasanqua and the Reading Iron Works ; 
coke irons from the Glamorgan furnaces, Lewistown. 
The Grafton irons from the Mahoning Valley, Ohio, 
are also much employed. A considerable amount 
of railroad scrap iron is also employed in the foundry 
mixtures, and during the past year it formed 
more than one-half of the metal melted, The or- 
dinary charge in the cupola is 25001b. The mixture 
chiefly used for car castings consists of one-third of 
pig iron and two-thirds of cast scraps ; for machine 
castings three - fourths of pig iron and one-fourth 
scrap. The mixtures run from the cupola are con- 
stantly tested, and for this pu pieces 15 in. long, 
and Qin, square are cast, and reserved for proof, 
vecords of their strength being preserved. The 
average transverse strength of these samples, laid on 
bearings 12in. apart, is 15,0001b., and the tensile 
strength per square inch is 16,900lb. The follow. 
ing is the mixture employed for locomotive cylinder 
castings : a 

66% per cent. of Allentown No. ] anthracite iron. 
_ 20 per cent. Springfield No. 1 cold blast charcoal 


iron. 
13} per cent. Lake Superior No. 1 cold blast char- 
coal iron. 


PADDLE ENGINE FOR LIGHT-DRAUGHT 
STEAMERS. 





WE illustrate above a type of engine and boiler now 
being constructed as a ialty by Messrs. Alexander 
Wilson and Co., of the Vauxhall Foundry, London, and 
which appears to possess several considerable advantages. 
The boiler is of the locomotive type, made either with a 
large firebox to burn wood or other vegetable fuel, or 
with a smaller one for-coal. The cylinders are attached 
to horizontal frames on the side of the boiler, as shown 
in the engraving, or they may be inclined and bolted to 
the independent frame carrying the smokebox. The 
paddle shaft passes through a tube in the barrel of tho 
boiler, and all the bearings are bolted to an angle-iron 
framing fastened to brackets rivetted to the boiler and 
quite independent of the hull of the boat, to which they 
are slightly secured. The engines are fitted with tho 
ordinary link motion reversing gear, and the boiler is 
provided with two auxiliary pumps. A clip pulley may 
be provided for hauling the boat over rapids by means of 


a@ rope. 

The sizes manufactured by Messrs. Wilson and Oo. 
range from 25 to 100 horse power, the dimensions of 
cylinders from 6 in. in diameter by 15 in stroke to 12 in. in 
diameter by 30 in. stroke, and the diameter of paddle- 
wheels from 5ft.6 in. to 11 ft. They are adapted for 
boats varying from 7 ft. 6 in, beam and 50 ft. long, to 
14 ft. beam and 100 ft. long. 


HORIZONTAL ENGINE. 

Axout a year ago (vide page 357 of our twenty-first 
volume) we illustrated and described a very neat type of 
horizontal engine for small powers constructed by the 
General Engine and Boiler Company, of Union Court, Old 
Broad-street, and we now give on the present page a 
view of an engine of generally similar design, but 
mounted on cast-iron standards, so that the flywheels 
run clear of the floor. This is. a very convenient arrange- 
‘ment for many situations, and saves trouble in fixing the 
engine. As we have remarked on aformer occasion, these 
engines are carefully designed, their details being well 
worked out, 








New Zeauanp Raitwayrs.—The contractor for the 
Lower Waikato section of the Waikato and Mercer Railwa; 
is making good progress with his contract. The rolli wd 
is ready for use, and the line is expected to be shortly 
ewer § into partial operation. 


Tux LONDON ASSOCIATION OF ForEemMEen ENGINEERS 





AND DRAUGHTSMEN.—At the sitting of eye 5th, 
to take place at 8 p.m. at the Society of Arts, Mr. Robert 
Hedley, of Cubi Town, will read a paper on his newly 
invented “‘ Steam Bicycle way Locomotive.’’ Non- 


members of the Institution will be admitted on the occasion. 





Mr. J. Newton will fill the chair. 
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STEEL FOR BOILERS. 
To Tux Eprror or ENGINEERING. 

Srr,—Since the fact that I had made so many steel boilers 
was mentioned at the last meeting of the Iron and Steel 
Institute, I have been continually asked by what process 
the steel was made. I am I did not think of it when 
Sore tehiees Sepaeees dee tite 
you in your valuable paper, 
in justice to Mr. Bessemer, that the steel I have used is 
made by the ‘‘ Bessemer ,”’ and that we find no dif- 
ficulty whatever in getting uniform results. By doing so 


will ob 
_ ee Your obedient servant, 
F. W. Wess. 
Crewe, April, 30, 1877. 





THE 81-TON GUN. 
To THE EpiTor or ENGINEERING. 

Srz,—It is now upwards of seventeen years since I 
brought before the Institution of Civil Engineers the 
subject of construction of heavy artillery. 

I then pro a system of construction based upon ex- 

iments which I had made, and in conjunction with my 

end, Mr. ©. H. Brooks, I laid before the Institution an 
appendix containing a mathematical demonstration of the 
laws by which the internal strains on built-up guns might 
be computed. 

Vhe chief conclusions to which I came was that the coil 
system, if guided by correct calculation, afforded the 
means of constructing a thoroughly reliable gun, and that 
the application of coils of wire round an internal tube or 
shell was the best and simplest method of applying this 
syetem. 

Since that period I have proved the correctness of m 


principle by actual experience in the construction of bot 
jane br 


-loading and breechloading , and convinced of 
its superiority to the ordinary Zp tem, whether as 
applied by Sir W. Armstrong or at Woolwich, I have 


made two or three ineffect attempts to induce the 
Government to give the system a trial. 

I rest my advocacy of this system not only on its 
theoretical superiority, but on its great economy, both in 
time and cost of construction. 

The theoretical superiority cannot be denied, resting as 
it does on mathematical demonstration, but as regards 
cost of construction it must for the present rest upon the 
authority of my own reputation, whatever that may be 
worth. I will, therefore, only add that the cost of heav 
artillery, say from 30 to 150 tons weight, would not exc 
about 251. to 301. per ton, and that such guns could be 
constructed in less than one-fourth the time that guns are 
made at Woolwich under the present system. 

Having entirely failed in convincing our authorities that 
my system was even worth a trial, I have for many years 
contented myself with looking on at what others have been 
doing, and it is impossible to speak in too high terms of 
the enterprise, the energy, and the great mechanical skill 
which have been displayed by Woolwich, Elswick, and 
Munchester in this branch of manufacture. 

But the highest mechanical skill will come to grief if it 
be not guided by sound laws, and this I maintain is the 

t position of the construction of heavy artillery on 
coil system. 

The essence of this system is that the successive coils 
which envelop the iron tube s! be so proportioned that 
when the internal force of the explosion acts on the ‘ 
each coil shall be equally strained and no coil shall be 
strained beyond the limit of the elasticity of the material 
of which it is made. 

With numerous thin coils a close approximation may be 
made to uniform strain, and with iron it may be made prac- 
tically perfect, but everything depends upon the initial 
tensions with which the successive coils are put on, and 
these depend upon the exact accordance between their 
diameters and the calculations indicated by true mathe- 
matical law of internal strains. 

I showed in my paper of 1860 that in the case of an 
8 in. gun constructed of an internal shell and three coils, 
the strength of the = was reduced 40 per cent. by an 
error of x4yth part of an inch in the internal diameter of 
the outer coil. 

Iam quite ready to admit that ,}5th of an inch, small as 
it is, is an error of workmanship which may be avoided, but 
the error may be not one of workmanship, but one of de- 
sign, and unless the proper dimensions be calculated by a 
true law, accordance with the proper dimensions can only 
be a matter of haphazard. - 

My attention has recently been attracted to this subject 
b experiments made with the 8l-ton Woolwich gun, 
which , as I fully expected, cracked its steel tube after 
firing a certain number of rounds. 

In order to submit this gun to calculation, it was neces- 
sary for me to know the amount of shrinkage given to the 
exterior coils, and for this information I referred to the 
** Text-Book of the Construction of Pifled Ordnance,”’ by 
Captain Stacey and Ne a Jones, of she Royal Artillery 
published by order of the Secretary of State for War, un 
corrected up to November, 1872. 

To my great surprise I found that, although the coil 

inciple is very well described, it is unequivocally stated 

+ the law by which it is governed is not known! From 
a careful perusal of the Text-Book itis evident that up to 
November, 1872, the constraction of these guns at Wool- 
wich was a tentative process based on no definite law ; in 
fact, that these enormous pieces of artillery, involving 
enormous ex iture, are, to use a workshop expression, 
being made by “ rule of thumb”’ ! 

Not only is no rule applied for calculati 
of the tubes, but no account seems to be 
important element of the calenlation, the modulus-of elas- 
licity of the oil-tempered “steel used for the innér shell, as 
compared with that of the iron used for the coils. This 
ratio is a most important element in the formula for con- 


the dimensions 
en of a most 





srustion, sot yet it is not even alluded to in the Text- 


So far as I can gather from this treatise -it seems that 

the practice is to put on the coils with a shrinkage of about 

th part of their diameter, and from Poa oy inquiries 

ve made, I am led to think that this is about the 
truth. 

On this assumption I have calculated the various strains 
in the 81-ton gun, assuming an internal powder pressure of 
24 tons per square inch, that being about the mean pressure 
stated in the Daily News, November 20, 1876, to have been 
furnished to the Royal Artillery Institution at Woolwich 
by Major Maitland, assistant superintendent of the Royal 
Gan Factories, as ascertained by actual experiment. __ 

I take the gun when chambered out to 16 in., in which 


state we have : 
in. 


Internal radius .. ose oa ee ane 8 

Thickness of steel tube 7 s ws 4 
a first inner coil ... 104 
second inner coil 133 


Shrinkage of coils hath of diameter. 
Not knowing the ratio of the modulus of elasticity of the 
tempered steel to that of the iron I have made the calcula- 




















t Tons per Sq. inch Steal 1-08 
Rade of Mod. of Elastiaty irae 1 
aa on two hypotheses, between which the truth certainly 
es : 
First, a ratio of 2 tol 
Second, ,, 1.05tol 
And the following Table gives the ulting strains of 
the various parts of the gun before firing during ex- 
plosion in tons per square inch : 
State of Tension and Compression of the Steel Tube and 
Iron Coils of the 81-ton Gun before Firvng and during 


strained largely beyond their elastic limit, and we may, 
therefore, expect a still more rapid failure of the steel tube. 

It is quite true that this may, to some extent, be 
avoided by what I believe is called air-spacing the cartridge, 
or by still further increasing the size of the grain of the 
powder, both which expedients are largely resorted to for 
decreasing the strain on the gun, but it is surely an un- 
desirable thing that each increase in the size of a gun 
should necessitate a different description of powder. 

Such a necessity ought not to exist. Up toa certain 
point a reduction of the ive force is very desirable, 
that point being when the abrasion of the inner surface of 
the gun ceases, but beyond that, a diminution of initial 
pressure is only compensated by an increased weight of 
charge, and is not necessarily connected with an increase in 
the calibre of the gun- 

In a recent trial it came ont in evidence that the Wool- 
wich practice is to make the thickness of the gun a fixed 
ratio to the calibre, a practice which I do not hesitate to 
say is at direct variance with the laws which govern the 
force of gunpowder, and which it is impossible to defend 
on sound principles. The Woolwich people point to these 
results, but do their results justify their practice? I sa 
distinctly they do not, and they have only succeeded with 


























the Explosion. 
Modulus of Elasticity. 
Shrinkage of coil, 
.001 Diameter. j 
Iron, 12,000.|Iron, 12,700. 
Steel, 24,000. | Steel, 13,330. 
Inner surface —28.08 —20.55 
Steel tube — { Outer = 19.87 “4 
. , | Inner ,, A — 1.40 
First coil 7 Outer, — 161 — 2.67 
‘ nner ,, 10.37 9.89 
Second coil { Outer . 5.82 5.55 
| {Inner , 0.04 6.76 
Steel tube ... {Outer ° — tee | — 154 
. : | {Inner ,, .69 11.30 
First coil ... { Outer i 2.43 1.57 
: mner_,, 14.43 13.56 
Second coil {Outer ;. 8.10 7.62 
i The internal sure during explosion equals 24 tons per 
mare inch. e tensions are in tons per square inch. 
The negative sign denotes compression. 


Here we in both cases the tension of the inner 
surface of the outer ring is strained beyond its elastic force 
during the explosion, and the result is a permanent set 
which changes the condition of the whole structure. By 
each successive fire this change goes on increasing, and the 
steel tube, gradually relieved from the pressure of the coils, 
at last gives way by cracking at its interior surface. 

The annexed diagrams represent the actual state of 
tension and compression of the various parts of this gun 
before and during fire. 

The 81-ton gun has, I believe, been now bored out to 
18 in. in the powder chamber, thus decreasing the steel 
tube to 3 in. im thickness. I have calculated the strains 
under these new conditions, assuming always the same 
internal pressure of 24 tons per square inch, and the 
following are the results : 

Tensions. 


Steel tube {Taner surface 8.12 tons per sqr. in. 
1st iron ring pet ad “es ” 
2nd Inner ” 14.77 - 00 


Outer 9° 7.29 ” 
Showing that in its present state both the iron coils are 











iY) Ravie of Mod..of Elasticity 


The full tines are defore fog 
Dotted . .... during explosion 


ta 


the limited degree of success which they have attained by 
the introduction of air-spacing and ing the grain of 
the powder, as they have increased the size of the gun. 

y contention, therefore, is that the present system of 
construction at Woolwich is an empirical one, and must 
lead to great expense and many di intments, and 
before larger guns are attempted, I think the Woolwich 
people should find out the true law, or, I should rather say, 
should make use of it. 

I subjoin the dimensions of a 16-in. gun, which I have 
calculated on the supposition of an internal pressure 
of 24 tons, and on the condition that no part of the structure 
shall at any time be strained beyond 10 tons per square 
inch, and with the ratios of the modula of elasticity of steel 
and iron as 1.05 to 1 


Stee? . 2 
irow. ry 


The following are the dimensions : F 
in. 

Inner radius of steel tube 8. 
Outer radius _,, +» wd 14.3902 
Inner radius of first iron coil ... 14.3770 
Outer radius _,, he Sgt: coe 26.6065 
Inner radius of second iron coil 25.5900 
Outer radius 4, 4 42.5410 


In this gun under an explosive force of 24 tons, the 
| following will be the tensions in tons per square inch : 




















- a Before During 
Firing. Explosion. 

Inner surface | —9.946 10. 

Steel tube wa { Outer = 6.500 — 1704 
| ay . nner ,, —1.110 5 

_| First coil... { Outer ;; 1193 | 2.121 
. mner ,, | 5. . 

Secona coil {| Outer ” | 3.3520 | 561 

| ! 





N.B.—The negative sign denotes compression. 
_The state of the tube and coils is shown by the annexed 


m. 
m this it appears that it is quite possible to make a 
good gun to resist an internal force of 24 tons per square 
inch with two thick coils over a steel tube, and so that ro 
rtion shall be strained beyond 10 ee oe square inch, 
at it must vary very considerably from the present Wool- 
weet gun as will be seen by the following comparative 
abie: 











Gan ealen- | Woolwich 
— lated by my| "°° 
Formula. Gan. 
Calibre ied ost “sh on 16 in. 16 in. 
Internal strain during explosion 24 tons 24 tons 
Thickness of steel tube ... «| 6.3902 in. 4. in. 
o. first iron coil 12.2168 ,, | 10.5,, 
5». - Second ,,, 15.9345 ,, | 13.5 ,, 
~ Total thickness 34.5410 in. | 28.0 in. 
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There are many interesting questions connected with this 
subject which I do not think have received sufficient atten- 
tion, but the length at which I have already trespassed on 
your space compels me to bring this letter to a close. 

ours, &c., 
James LONGRIDGE. 
8, Westminster Chambers, April 23, 1877. 





SEATON’S PERMANENT WAY. 
To THe EpiTorR oF ENGINEERING. 

Srz,—In your number of April 6th, Mr. Willi am Seaton 
in his letter eo his system of permanent way, states 
that there is no tendency in the rail to leave its bed or 
work loose. In this I perfectly agree with him ; I cannot 
but think, however, that the longitudinal itself will be apt 
to shift by the passage of heavy trains on sharp curves if 
it be intended to be —_— in its place simply by the coach 
screws as shown in the drawing. This might be easil 
remedied by letting the longitudinal into the cross-ties with 
a slight inclination inwards thus : 











+ 








WAS 
eats ‘ 
a“ Rh ANN 
=a AS RA \\ 


Ee 





The iron joint plate as proposed by Mr. Seaton serves 
simply to support the downward pressure on the rail end ; 
if made as shown in my sketch, it would also help to steady 
the joint and keep it in its place. 

I am, Sir, yours truly, 

Roustchouk, April 16, 1877. T. J. W. H. 








HYDRAULIC v. GAS ENGINES. 
To THE EDITOR OF ENGINEERING. 
Sir,—Your correspondent Mr. Robert Wilson has 
opened up a question which will bear discussion in your 
columns, and the result of which the advocates of hydraulic 
power need not be in the least afraid. 
Mr. Wilson has probably said all that can be said in favour 
of gas engines for the purposes to which he considers them 
weg | suitable, the working of cranes and hoists ; and 
ow little it all amounts to! He starts the discussion b 
stating it to be his conviction that for dock wharves ron 
railway warehouses hydraulic power is the best, and he 
further shows his own doubts of the system he advocates 
by esviebe, towards the oe of — letter, me use oa a 
engines for pumping water to obtain power for wor 
hydraulic hoists and cranes. On that a I am very 
nearly at one with him except that I should so far invert 
his words as to say that those who desire to use gas engines 
for hoisting purposes had better apply them to pumping 
water into a tank or accumulator and use hydraulic machines 
to do their lifting work. 
_ [have had some little experience in the use of gas engines 
in this manner, and am able to say that they will do the 
work economically and efficiently. Therecan be no ques- 
tion that the intermittent action of the modern gas engines 
is exceedingly well adapted for obtaining in a workable 
shape the power of the explosion of the gases, and I am 

uite sure the prejudice in the minds of engineers against 
the use of gas engines for hauling at a og if it exists at 
all, is based on very different grounds to most of those 
mentioned by your correspondent. The noise of the gas 
engines is a very great objection of course, indicating as it 
does considerable wear and tear, and it is quite im- 
practicable to discuss the merits or demerits of a gas engine 
of the future, but let the future gas engine be as perfect as 
it may, it would still remain quite unsuitable for hoisting 
machinery when compared with hydraulic appliances. 
It will not even compare favourably with steam, supposing 
in @ given case steam and gas to be both obtainable. Mr. 
Wilson’s letter is throughout based on entirely false issues, 
and in order to show how utterly he has misconceived the 
cost of working and the advantages of using hydraulic 
hoists in towns, I will take for 4 7 a hoist erected 
by my firm worked from the main in the City of London, 


ére the exorbitant rate of 1s. 3d. 1000 gallons is 


¢ , and this meets Mr. Wilson in his principal strong- 
hold. The hoist I have in my mind E worked yt 
hydiaulic and multiplying sheaves placed in the base 


— supplied from a tank in the roof about 80 ft. 
The hoist is fixed in a warehouse, and as in the case of 
the great majority of warehouses, the use made of it is 
of a very intermittent character. It is never known from 
one five minutes to another when it will be wanted. It 
being an hydraulic hoist any one on the premises requiring 
its use, say on the top floor of the building, pulls the con- 
tro rod or rope running the whole height of the hoist, 
andthe machinery is at once set in action, but if a 
engine were used, then either it must be left constantly 
the we or @ journey must be made 70 ft. down to 
basement to Start the engine, or from the basement 


work to set the whole i i 

time and mo: sunt be wale een tan 
Sopp y proved that for hoists to be of 

ust be available at once when required. 


But this is not all. Supposing the gas to be always on, 
while the gas engine was herons and noisily by con- 
siderable effort toiling up the 70ft. the hydraulic hoist 
would quic and smoo' A ges made, if required, two r 4 
three com: journeys. @ gas engine can ex 
its h an exploded system of wheels, shafts, 
and brakes. In many cases steam power applied on this 
unsafe, ricketty method is being discontinued for the safe, 
ae, ae action of h ulic pressure mene! 
and the question raised by Mr. Robert Wilson, shorn of 
extraneous circumstances, is not a question between the 
relative cost of gas and water, but of the relative advan- 
tages of ry Jy - direct action. When Mr. Wilson’s 
engine of the future will shoot an hotel lift with its 
uman yg to any wor floor of thay hotel, without 
alarming the passengers, as the young is being daily 
exploded atthe Royal Aquarium, then he will have some- 
thing with which to come into the field against hydraulic 


lifts ; but so long as he has nothing but an ordinary con- 
tractor’s crab with which to utilise hoisting power of 
the gas engine, he has really nothing which compare 


for a moment with hydraulic apparatus. 

Gearing must be regarded as a di ble necessity to 
be avoided where possible. Hitherto travelling steam 
cranes, though depending entirely on gearing, have ma- 
naged to maintain their position as rivals to hydraulic 
wharf cranes, but the great improvements that have re- 
cently been effected in travelling hydraulic cranes will 
oi idan 

avour of the di i ic machines. 

The success which has attended the introduction of Bro- 
therhood’s three-cylinder steam and hydraulic engines has 
been greatly due to the facility they afford for direct 
action, whether applied to capstans, rolling mills, or hoists, 
and it is certainly rather late in the day to find Mr. Wil- 
son advocating such an old-fashioned system as is neces- 
sitated by the use of the gas engine for bees ses. 

But to return to the typical hoist to which I have re- 
ferred. The hydraulic ram, though acting direct on the 
lifting chain, and thus being quite sufficiently good for my 
purpose of a with the gas hoist or crane, is by 
no means the description of a hydraulic hoist. In 
such a hoist the ram carries the lifting direct, and is 
equal in length to the whole height of the lift, in some 
hoists that my firm have erected nearly 90 ft. long. The 
greater safety, speed, steadiness, reliability, and facility of 
working at any moment bere ie nme _—— -— — 
possess over engine apparatus is worth pa, or, 
even if Mr. Wilson s figures were correct, ae wee desired 
to have the best style of lifting machinery would a 
draulic power; but even at the rate of 1s. 3d. per 1 
gallons the hoist to which I allude costs the proprietors 
only 151. per annum. Assuming a 3-horse power “f - 
gine to take its , the cost of working it would be 301. 
per annum, at 1d. per horse power per hour, 8 hours a day, 
and 300 days in the year. : ‘ 

In Liverpool the cost of working the hoist to which I 
have referred would be about 71. per annum only, or one- 
fourth of the cost of gas. But this is for water alone and 
ng pn of wear and tear. The hb machinery 
will practically as good after twenty years’ wear as 
the day it was put up, while the gas engine will have to be 
renewed two or three times during the same pout, wee 
constantly undergoing slight repairs. I am nots of 
course of the gas engines of the future. 


ignored the only possible condition of working in the 
majority of cases, and I am quite ready to admit that where 
a constant rotary motion of small power is needed a 
engine will compare v favourably with a water e 
used, say, in the City of London, where the pressure is low 
and the price high. But the co use of artificially pro- 
duced ag my ed is asa rule for intermittent action, 
and when Mr. Wilson states that there is no advantage to 
small consumers of power by the establishment of such a 
system as has been put down at Hull for supplying the 
ublic with hydraulic power for working cranes and hoists 
he evidently does not understand the real question at issue. 
The advantages that accrue to these small consumers are 
of exactly the same character as he himself admits are 
gained by the use of hydraulic power in dock and railway 
goods sheds, and even supposing he were right as to the 
relative money cost of working under the gas and water 
system, yet stillin the longrun, owing to the s 
Obtained by bydraulic inery, some of which I have 
specified, gas would be nowhere. In estimating cost it 
is useless to take so much horse og bel developed, and then 
by percentages to say what can done with it ; the ques- 
tion is what as a general rule will be the expense to the user 
per annum for doing the work requiredin his wharf or 
warehouse, and which system gives him the greatest 
security and facility for ss work. eare many 
other ways in which hydraulic power is superior, but m: 
letter has y reac an unreasonable length, and 
must close by stating my opinion Ahat though many who 
have had no experience of good hydraulic y May 
find it advantageous to employ gas be to do 
work, yet in no way can it compete with hydraulic power 
as a system where safety, quiet, facility, steadiness and 
are required, and that w rah yg oes considered the 
gas engine system will be proved to be comparatively in- 
effective and expensive. 


I am, Sir, yours iy 
E. B. ELLINGTON. 
Hydraulic Engineering Company Limited, Chester. 


To Tue Ep1Tor oF ENGINEERING. 

S1zr,—In a letter 
in your paper of , the writer says, “‘In a paper 
‘On the Transmission of Power to Distant Points’... . 
there is one aoe ctinge mellve power rendered very 








In justice the author, allow me to remind your corre- 


In making his calculations, Mr. Wilson has entirely | ; 


advantages | George 


‘* Hydraulic v. Gas Engines”’ | M. 








septs nt De pepe es on ‘‘ transmission of power,” 
and not “modes of obtaining” it. Even the pi 
means of obtaining power, namely. the steam 
- A tally water-wheel, were not to except in- 


, J. Macxzunzrg, Assoc. Inst., O.E. 
April 28, 1877. ‘ 


To Tus Eprror or ENGINEERING. 
S1z,—Kin ww me to correct an obvious error in my 


letter on page 325. At the end of the seventh h 
«1200 per cent.” should read ‘600 per cent.,” which will 
make the dearness of water power as compared with 
equal in the two cases I have taken for comparison in 


said paragraph. 
Yours truly, 


Rosgrt WILson. 
116, Queen Victoria-street, London, April 28, 1877. 


THE PROPER CIRCULATION IN BOILERS. 
To THE EprTror oF ENGINEERING. 

Srr,—In turn I am amused by the reasoning of Mr. 
Watt. He has, he says, published a in which he 
“laid down rules” demonstrating that tion must 

I in ways harmonious with those of boilers of his 
esign, and ¢ fore I am wrong in what I advance. I 
have not yet had time to study his demonstration, but I 
venture to observe that my assertion about circulation is 
founded upon the well-known oe fact that heated 
currents of water, and currents of steam, for several 
reasons, seck a directly upward direction . or 


escape. How a boiler whi 
i allowing them to — 





distance horizontally before 


eee ok. es ee — pa 
correct in principle of design ves a process of reasoning 
which I qustiea to beyond me. - 


Mr. Watt states that ‘‘ water-tube boilers composed 
chiefly of vertical tubes fail to fulfil the conditions required 
of an efficient water-tube boiler,’’ but this is merely a C) 
and unsy) assertion. ve they failed in practioe 
or must they fail because of defect in design? Neither 
question can be truthfully answered in the affirmative ; 
as to the first I am supported by ‘‘ Water Tube,’ a de- 
fender of the Watt boiler in ENGrnzERING of April 20, 
while the fundamental ny of circulation, to which t 
refer above, is evidence in my favour as regards the second. 

I hope to give you the results of examination of the 
‘*rules’”’ which Mr. Watt ‘‘ has down” in another 
letter. as the time at my dis: this week has not per- 
mitted me to make that tion, but meantime 
you to grant me the favour of 5 for this short one in 


order to show that I do not shrink from acknowledging my 
gage. 
Yours faithfully, 
FREDERICK JoHN Rowan. 


108, Wool Exchange, Coleman-street, E.C., May 2, 1877. 


DEEP WELL BORING. 
To THE Eprror or ENGINEERING. 

ae yp the ones of your readers Zz have the 
pleasure to enclose the following particulars of a boring 
which I have recently completed at the Loughton station 
of the Great Eastern Railway to o water for locomo- 

tive purposes and in which we were successfv!. 
The surface of the ground at the spot — o = 
C) 


oo SED Sis aoe Oe eS oe 
con’ 0 OlLlOW' e . 
the gault and finally « bed 31 ft. 6 in. thick of gault in- 
ters with pebbles. 


boring terminated at a depth of 1092 ft. 6 in. below 

a This is, I believe, the deepest boring in or near 

mdon. 

The works were brought to a close in November last 
year (1876). 

I am Sir, yours truly, 
Aur. A. Lanauzry, Engineer. 
Great Eastern Railway, May 2, 1877. 


Tue InsTITUTION oF CIvIL ENGINEERS.—At the 
meeting of this Society on Tuesday, May 1st, 1877, Mr. 
Robert Stephenson, President, i i 





t, in the chair, it was 
the Council, ing under the provisions of 
the bye-laws, had transferred Messrs. Sora Arthur 
Biddell I h ; Josiah Harding, late Chief Engineer of 
lofagasta Railway, Bolivia, and Richard Christopher 
Rapier, Westminster, from the class of associates to that 
; and had admitted Messrs. Charles Albert 
Bayer, Charles William Best, Eastern Devonshire, Thomas 
hur Head Forde, and Arthur Hill as students of the 
Institution. The monthly ballot resulted in the election of 
Sones, Mietes Deneal Everpeo oI John George Thoruton 
essrs. , Liv ; Jol rge rn 
. Eng., P.W.D., India; Edmund Batten 
Forbes, North Eastern Railway, Newcastle-upon-Tyne; 
Jackson Golding, District » Cape Government 
Railways; Francis Charles ell, Resident ineer, 
Swinton and Knottingley Joint Railway; and Robert 
Charles Patterson, Chiet Assistant Engineer for the Colony 
of South Australia; and ten associates, viz.: Messrs. 
Edwin William Brooking, Surveyor to the Barnet Urban 
and Rural District ; Alexander Grant, Ex. Bng., P.W.D., 
India: Albert Latham, Borough Engines Margate ; 
Ralph Daniel Makinson Littler, Q.C.,, Westminster ; 
tminster ; Alfred 


ur — Moullin, Wes ; James A 
Norton: William Percival Oak, Beaufort West Extemsion 
Railway, 0.G.H ; Charles Henry Shortt, Btud: Inst, O.E., 

-Western ry oseph 0. 
Stud. Inst. ©. ecualaaien ; cad Winees 


.E.; Wilmer, 
Inst, O. E., late Assistant Engineer, P.W.D., India. 












































*paan{ul oq 4or prnoys £13009 oY} Jo | oY} SUM OINS¥OUT 04} YSUIVSE pIUS 9q 0} 48I0M 04} YnQ “Joy | ‘A[daa UI ‘qZ0Og-rORVPg “APY “yxou 4ysnSny ut uoTesado | uo ‘Ao1ag [IV] “pV uoyWeaerg uoIWNTOY S204 

° 87#89.194UI [VIIZSNPUT OY} 7Vq} O§ ‘UAAIT oq ysnUI OUTTZ SB ‘UOTZ | oY} Jo UOT}VAEdO OY} 0} [4}UF SBM g O820[D 4UY} PrUs SYM 4T | OFUI OID ][IM GoIqA oANsBeUT O44 JO soTouelogop [e18u03 eopeseds om Woy oslly Seon pein mY sone mene 
™* -B[s1Say 194410} Jo yoolqus oy} oq 4YsnUI JOY O43 JO 80105 OFUT | -uo1ZU994% 48aq sty yoalqns a4} o9A1d prnom ay 4uq ‘ soufd | 943 peZin sidyzO pav ‘Zurgsy AaALt Jo uory00}0Id 043 10J | -EIP pus sdiqspavq oulos 4yno ymod 0} TOOg-1978]g “T_T 
eo Burjynd 043 pus uoryzEpnZer 994 4%q3 40Rs O43 JfasmTq MOIZ |“uoyH, yak se p¥q sMOrNdesoId Ou YoIYA AopUN oinsuoM | ssofasu oq P[NOM oY oq} ‘sosodand [worovad [[w A0y ‘y8q4 | UO pojTem ATyUe0eI puOog pus puYZuq UI soUOqS 
em! pe[seouos Joaau pey ey ‘uoryerodo 831 07 paudissv sqruny | v jo ureduioo 0} u0os 00} sum 4 7q3N0g} OY 4B} prUs | paz¥}s ‘UOIWOOSSY UOYWwAIosAAg salJaqsIy OY} Jo 41vd On} | [B90] SNOLIEA Jo NOT}UINdep YW —-‘SUMATY 40 NOLLOTIOg 
t+ ony - ry e * : 7fepaee 

> 

3 | A c e ry a 

uw 
































































































































ENGINEERING. 































































































(‘260g ansodvo aes ‘wordisoseg 40g) 
‘NITUIM ‘LAVHOSTTASAD NAILOV NALLNA GNO AVANANIHISVA ZHOSISATHOS HOSIAAY A GHL AG GALONALSNOO 


244 


sNUDTTIOZNAHOH» LHOVA TVIXYAMINI NVKUAD AHL AO SANIONG 




















May 4, 1877.] 


- ENGINEERING. 








ENGINES OF THE GERMAN IMPERIAL YACHT “HOHENZOLLERN.” 


CONSTRUCTED BY THE MARKISCH SCHLESISOHE MASCHINENBAU UND HUTTEN ACTIEN GESELLSCHAFT, BERLIN. 
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Wits our last number but one we published a two- 
page engraving showing the general arrangement of the 
engines and boilers of the German imperial yacht 
Hohenzollern, and we this week give another two-page 
illustration showing a cross section through the engine 
pacer to a larger — while further views of the 
es are given on the present and o ite es. 

The Hohenzollern is being built from yr en of 
Herrn Geheimrath Koch, the constructor of the German 
Admiralty, at the shipbuilding yard of the Norddeutsch 
Schiffbau Gesellschaft, at Kiel, while the engines, which 
are to indicate 3000 horse power, are being made by the 
Mirkisch Schlesische Maschinenbau und Hitten Actien 


Gesellschaft (formerly F. A. Egells), Berlin, of whose 
. ’ 

works Herr Jingermann is the able “ technical director.” 
We had occasion a few months ago (vide page 10 ante) to 
describe the engines of the German ironclads Kénig 
Friedrich der Grosse and Grosser Kurfirst, which were 
built by the 
designs. 


same firm from Herr Jiingermann’s 








er Sea —=— 


Seo 


The Hohenzollern is a paddle vessel, and her length 
between perpendiculars is 268 ft. and her beam 33 ft. 
10in. The engines are of the oscillating type, and their 
general construction is clearly shown by ob capnicin 
we now publish. The cylinders, which are steam- 
jacketted, are 77,4, in. in diameter, the stroke of pistons 

ing 6 ft, 62 in. h cylinder carries two valve chests, 
and the valves are driven through link motion, the links 
being connected to steam reversing geararranged as shown 
in the views of the engines we now publish. The link 
motionis used only for reversing, separate expansion valves 
being provided, one on each steam pipe bend, as shown 
in Figs. 1 and 2, these valves being adjustable, so that 
the cut-off can be varied from one-fifth to three-fifths of 
the stroke. 

The engines are fitted with surface condensers but are 
arranged to be worked with injection if required. The 
surface condensers—which are not shown in the illus- 
trations we give this week, but which were represented 
in the general views we published a fortnight ago—are 





two in number and stand on either side of the ship for- 
ward of the engines. They are of rectangular form with 
vertical tubes, the steam passing through the tubes and 
the condensing water circulating around them, an ar- 
rangement that is now coming much into favour on 
account of the facility it affords for pooping the tubes 
clean and free from grease deposits. The condensers con- 
tain together 6768 tubes }} in. in diameter and 6 ft, 2} in. 
long between tube plates, the total cooling surface being 
7582 square feet. Between the condensers are placed 
two centrifugal pumps coupled together and worked bya 
direct-acting two-cylinder engine fixed to the top of the 
pump casing. ‘ 

The exhaust steam on leaving the cylinders passes 
into a brass box situated between the eduction trunnions 
as shown by Figs. 2 and 8 on the present and o ite 
pages, this box being conneeted by two pipes with the 
surface condensers. When, however, the engines are to 
be worked with injection, a valve at the bottom of this 
box can be opened and the steam thus admitted direct to 
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the air casing. The whole arrangement is shown | month, sellers asking a shade more. The afternoon market NOTES FROM THE SOUTH-WEST. 
clearly in Fig. 8 on the i seenel ep: ak icioam aod hese chit: BA, hemonean Aberdare.—Notices to terminate all contracts were 

The air ps, which are two number, are single- ge Be ey pe tne mento issued at the Abernant Works on Saturday, it is presumed 
acting, are 87/, in. in diameter, with 82 in. stroke. je It pny Oy that, aedeas ——— with a view toa in AL wage rate. A 

laced i i general strike at Bedlwyn continues. re wa: 
Aomiown te Fig. S They ore yi Se a dignity tastinel has not only wit the shock consequent on the| 9 marked improvement in the amount of work done at the 


position, and are driven from a cnank on the intermediate 
shaft. The feed and bilge pumps are worked by the 
oscillation of the cylinders, the four pumps being 
connected to the cylinders, as shown in Figs, 1, 2, and 3. 
Of the framing of the engines it will be unnecessary for 
us to give any description, as the arrangement is clear] 
shown by our illustrations, and we need only remar 
that the whole design is neat, and that the details of the 
es have been carefully worked out. 
engines are supplied with steam by six boilers, 


four of which are situated forward and two aft of the | 8 


room, as shown by the general views published in 
our last number but one. They are box boilers, each of 
those forward of the engine-room containing three fur- 
maces, while the two aft boilers contain five furnaces 
each, there being thus 22 furnaces in all. The boilers 
areranged along the sides of the vessel with the stoke- 
hole between them, and they contain altogether 11,300 
square feet of heating surface, while the firegrate surface 
is 412 square feet. Superheaters are arranged at the 
base of each funnel, as shown in Figs. 1 and 2 of the two- 
Page engraving which we published the week before last. 
he engines will drive feathering paddle-wheels, each 
having twelve floats 10 ft. long and 4 ft. wide, the 
diameter of the wheels measured to the axes of the floats 
being 28 ft. 5} in. We hope on a future occasion to have 
something to say of the performance of the engines we 
have now been describing. 


PHOSPHOR-BRONZE. 

ATa mosing of the Sockiy of Arts on April 26th, 1877, a 
paper bs Art Dick on “ Phosphor-Bronze and 
its _. ion’’ was read. After describing the various 
phosphorised alloys now manufactured, the author drew 
attention to their extensive application for tubes, sheathing, 
wire, steam fit , &c., and particularly for bearings and 
other parts of machinery. He stated that phosphor-bronze 








carriage, track, and locomotive bearings, slide valves, &c., 
were now in use on most of the principal railways in Great 
Britain, and that nearly all the ro mills and leading 
engineering firms have adopted the metal. Various branches 


of Her Majesty’s Government se and specify phosphor- 
bronze for purposes too numerous to mention. 

For marine engines the metal is extensively employed, 
mainly for bearings, slide faces, piston rings, bolts for 
ler blades, &c. ; about 25 vessels in the Royal Navy 

ve 


their machinery ; amongst the mercantile marine using 
hosphor-bronze may be mentioned, the Peninsular an 
ental Steam Ship Company, who have nine of their 
So _— — m : oe —yy ~ of ee 
ollo ines are phosphor-bronze : Temperley 
Line, Wilson Line, State Bibs Daeal Line, Globe Line, 
Queen Line, Union Mail Sengeny, North Cape Mail Com- 
pany, Messrs. Pickernells, Messrs. MacAndrew and Co., 
Messrs. Watts Milburn and Co., Messrs. Ringrose and Co., 
Messrs. Smith and Hill, the British India Steam Navigation 
Com , Messrs. M‘Iver’s, and several others. 

The author then drew attention to the numerous speci- 
mens exhibited, some of which were very interesting, givi 
practical proofs of the advantages claimed for the Sete 
and concluded by saying that, considering the com tively 
short time since phosphor-bronze was first introduced into 
this country, its use is very extended, its undoubtedly 
superior qualities have found for it a ready adoption 
engineers and millowners, and metal has now prove 
itself an article of such importance and necessity, that 
many branches of industry could not well dispense with it. 


NOTES FROM THE NORTH. 

; GuLaseow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday’s pig-iron 
market was steady during the forenoon, but without any 
business reported. At the close sellers asked 54s. 9d. cash, 
buyers offering 54s. 7 Steadiness was likewise the rule 
in the afternoon, and business tc the extent of 1000 tons 
was done at 54s. 9d. one month fixed, sellers over, buyers 
54s. 7id. The market was very firm on Friday forenoon, 
rm ogee business was done in warrants at 54s. 9d. to 
55s. cash and one month, closing with sellers at 55s., 
buyers offering 54s. 11d. cash. During the afternoon the 
market was s , and prices remained as at the close of 
the forenoon market. Monday’s market was very greng. 

Business was done in the forenoon at from 54s. 10}d. cas 
to 55s. 44d. one month, ing rather sellers at the latter 


price. In the course of the forenoon a good lots 
changed hands at from wie, -Ce to 55s. 74d. cash, closing 


to 2s. per ton. For a brief space of time the Coltness 
Company declined to . but towards the end of last 
week they also declared an advance—2s. per ton on No. 1 
and 1s. per ton on No. 3. The warrant market ed 
very firm , and prices were run up nearly 
ton, but this advance was ultimately lost. Business was 
done in the morning at 55s. 9d. . cash, and 
d. one month, but closed less s —sellers at 
. less. In the afternoon, 


prices were, sellers 55s. 9d., 
rather flat at the openi m 
done in warrants at SSe. 74d. one fe 
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been fitted with phosphor-bronze in various parts of | O y 
the 1st of June, 1870, the section from Callander to Killin be 


6d. per | cal 


also very considerably improved. A good 
shipping business has been done during the past week or 
80, the feeling of steady improvement is perceptibly 
ini é ere has been more inquiry from the 
Gaited tates and Canada, and it now remains to be seen 
what response the Continental buyers will give to the 
advances made on makers’ iron during the past week or 
two. Fears are bei that the workmen will 
cry out for a share of the increase of prices, as they are 
ming under the extremely low wages which now rule 
in the mining districts. At the same time, however, it 
must be remembered that trade is scarcely strong enough 
to warrant any rapid advance, and it is considered pro- 
bable that were such to happen it would check the tendency 
to improvement which is being manifested. ere is no 
alteration to note in the number of blast furnaces in opera- 
tion, the total being 113 as against 111 at the same time 
last year. The deliveries of pig iron into the warrant 
stores have again been resumed, the total stock with Messrs. 
Connal and So. up till last a night being 129,629 tons, 
thus showing an increase of 919 tons during the week. 
Last week’s shipments amounted to 13,390, as against 

13,524 in the corresponding week of last year. 
ing of the Dalmally Railway.—The new section of 
the er and Oban Railway from Tyndrum to Dal- 
malley was opened yesterday for passenger traffic. The 
opening has been four weeks later than was original] Wy in- 
tended, owing to certain improvements being considered 
necessary by the Government inspector. A fair number 
of passengers travelled over the new section yesterday. So 
far as the working ents of the railway were con- 
cerned everything went of satisfactorily. The new portion 

of the railway is about 12 miles in length, and 

through some of the wildest inthe Argyleshire High- 
lands. Dalmally is quite close to Loch Awe, and itis also in 
daily communication by coach with Inve and Oban. 
During the summer months additional facilities will be 
afforded to the public for oneas this hitherto compara- 
tively inaccessible part of the Highlands, and those who 
are pressed for time will be in a position to travel from 
Glasgow to Inverary, vid Dalmally, and back by Loch 
Fyne and Wemyss Bay in one day. New coaches are to be 
pat on, both to Inverary and Oban, and an additional 
bus will be ran from both places to and from Dalmally, 
morning and evening, in connexion with trains. A new 
and handsome swift steamer belonging to Messrs. Hutchin- 
son, has been placed on Awe. 
ban Railway was commenced in October, 1866, and on 


was opened for traffic. The second section from Killin to 
7 —~ yr three years later, and now at a cost 
something like 65,0001., a third section has been com- 
leted and opened for traffic, making the total outlay for 
he works a executed 364,0001. On the whole there 
have been no great engineering difficulties to contend with, 
=o the a on — 1 — ey = —— 
wi ients in 50. Messrs. unning " 
of seme are the engineers for the line. 

Contract for the North British Railway Station, Dun- 
dee,—Within the last few days the contract for the con- 
straction of the North British Railway Company’s station 
at Dundee, which is to be built on the made-up ground in- 
side the Esplanade, has been let to Mr. John Waddell, the 
well-known contractor. The same gentlemen has in hand 
the Dock-street Tunnel works in Dundee. 


Death of Mr. William Johnstone, C.E.—It will doubt- 
less be learned with regret by many readers of ENGINEER- 
In@ that Mr. William Johnstone, C.E., Glasgow, died a 
few days ago. The deceased 7° was chiefly known 
from his long connexion with the Glasgow and South- 
Western Railway, of which he was the managing engineer. 
The reputation, indeed, which that line acquired for its 
safe al admirable working was due in a great measure 
to his eminent practical sagacity and unflagging attention 
to the duties of his pen. For some time back, Mr. John- 
stone had been in failing health, and had latterly retired 
from office, although the company which he had served so 
well continued to enjoy the benefit of his advice and expe- 
rience in the capacity of a director. As a general a 
engineer he had few superiors, and he was much esteem 
for his unfailing courtesy to all with whom he came in con- 
tact. The deceased quienes has been cut off at the com- 
tively early age of 65 years. A number of years ago Mr. 
ohnstone took a very great d of interest in the affairs 
of the Scottish Institution ef iecieamn of which, for a 
term, he was the president. 

Fairfield Association.—An ordinary of this 
association was held on Friday evening, Mr. William W. 
ilvie, President, in the chair, when a paper was read by 
. H. C. Mylne on ‘‘ Continuous Brakes.’’ After re- 
ferring to the importance of the introduction of these 
brakes on all the railway systems, he stated the various 
a to bey mn = their yer yee a and — 
cation, gave the formulsz expressing the retarding force 
necessary under different conditions. A description was 
then given of a number of the different classes of brakes 
that been introduced, including ’s, Clark's, 
Barker's, iption of 
the W i 


in ’ 
and others, and a more 
i and Steel McInnes brakes. 


in 
followed 





declaration of war between Russia and Turkey, but it has | Gad) 
general and 


The Callander and | P. 


llieries last week, the men having been employed 
Work was not so brisk at the Powell 

last week, the Aberman and Middle 
ing particularly slow. Atthe Abernant 
time. At Nantmelyn - 


ys co! 

Daftsys days. 
co) 

Dnaffryn collieries being 
Collieries the men worked the 
and Sguborwen collieries there was but little doing. e 
strike amongst the out-door men employed at the Powell 
Duffryn Company’s works against an extension of hours 
still continues. The men have been out since Monday last. 

Telegraphic Communication with Lundy.—The Post- 
master-General has executed a change of front on a subject 
of great interest to the commerce and shipping of the 
Bristol Channel. Some months ago he sonnel a deputation 
that if the Chambers of Commerce belonging to the towns 

inly in’ in securing telegraphic communication 
with Lundy Island, namely, Bristol, Cardiff, Swansea, 
Newport, and Gloucester, would guarantee 5 per cent. for 
five years on the original cost of such a telegraph, he might 
see his way toits construction. In reply to a communica- 
tion on this subject, the Postmaster-General has just 
announced, however, that he will only undertake the pro- 
posed work on the chambers agreeing to defray the prime 
cost of the cable, about 65001. and guaranteeing to keep 
the telegraph wire in repair. 

The Pelican.—The Pelican, 6, screw composite ship, 
was launched at Devonport on Thursday. The Pelican is 
170 ft. long between perpendiculars, and 36 ft. broad, and 
she will have a draught of water forward 13 ft., and aft 
16 ft.; displacement, 1124 tons; engines indicated 900 
horse power ; estimated speed, 104 knots. She will carry 
100 tons of coal, but space can be provided for 150 tons. 
Her complement will be 140 officers and men; armament, 
two 7-in. 90 cwt. guns revolving, and four 64-pounder 
broadside guns. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
large attendance on bene - at Middlesbrough. The tone 
of the market was firmer, the improved feeling —y | chiefly 
attributable to the fact that for several days past Glasgow 
pig iron had been advancing in price, and to the proclama- 

ion of England’s neutrality. Makers quoted No.3 Cleve- 
land pig 42s. 6s. per ton, and other qualities at propor- 
tionate rates. though the total production of Cleveland 
ig iron is enormous, it is expected that when the Associa- 
tion returns for April are issued they will show that stocks 
have d . A considerable quantity of pig iron is 
ing disposed of just now. Shipments are more active and 
the home demand for pigs is better. 

The Finished Iron Trade.—Depression still characterises 
the finished iron trade. There are no fewer than thirteen 
malleable iron works in the North of England closed en- 
tirely, and several other works are only partially in opera- 
tion. Prices are of course low. It is some satisfaction to 
record the fact that a Middlesbrough gentleman has been 
entrusted with an order for 5000 tons of rails. Of course 
this contract will be placed in the hands of a Tees-side firm. 

The Cleveland Miners.—The Cleveland miners’ wages 
question having been referred to arbitration, the court will 
be held at Saltburn-by-the-Sea on the 17th inst. The arbi- 
trator for the mineowners is Mr. David Dale, of Darlington, 
Mr. McDonald, M.P., acting for the men, and Sir James 
Fitzjames Stephen, Q.C., being umpire. The inquiry, 
which is to decide whether the are to be reduced 
three per ton, will probably occupy two days. 
Should the wages be reduced it is the intention of many of 
the miners to emigrate to New Zealand. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Neepsend Rolling Mills Company.—The annual 
report of the directors of this company shows a good 
rofit for the year, and states that the plant, machinery, and 
ater tools have been kept in good order out of the revenue. 
Bakewell Water Supply.—On Saturday, Mr. 8. J Smith, 
C.E., one of the inspectors of the Government 
Board, held an nee as 4 a a a ag - 
the of completing the water supply e town 0 
Bakewell. The o i x) estimate had been 55001., but this 
has been exceeded, hence the necessity for this loan. The 
inquiry was adjourned. 














Ripley Water Supply.—At the latest meeting of the 
Ripley Board, held on Thursday last, it was resolved 
to a) to the Public Works Commissioners for the loan 


of , as part of the sum required for the water works. 

The Parkgate Wagon Works Company lar has 
been issued by the secretary of this company calling a 
meeting of the shareholders to receive the ort of the 
committee appointed to confer with the rs to 
authorise the sale of the Parkgate Works and other busi- 
ness. The main business of the company is now carried on 
at Sandiacre, Derbyshire. 


AGRICULTURAL ENGINEERS’ AssociaTION.—The an- 
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NOTICES OF MEETINGS. 

THE INSTITUTION oF OIVIL ENGINEBRS.—Tuesday, May 8th, at 
8pm. 1, ion upon Mr, Souttars paper “On Street Tram- 
ways,” and 2. “The History of the Modern Dev ent of 
bebe = Machinery,” by Sir. W. G. Armstrong, ©.B., V.P, 

CIVIL AND MBOHANICAL ENGINEERS’ SocreTy. — Thursday, 
May 10th, paper by Chas. H, Driver, Vice-President, on “The In- 

action of Railways into China.” 

Soctety or Arts.—Cantor Lectures. Monday, ~ > at 
“The Connexion of Greek and Roman Art with Teach- 


Methods ‘and Developments of the Study. ry x 
Wednesday, May 9th, at 8 p.m. “The of the 
Thames Basin,” by Mr. Joseph Lucas, F.G.S—Chemical 

Thursday, May 10th, at 8 p.m. “A for the Pro 


duction of Carbonate and Caustic Soda, without the Formation of 
any Noxious Waste and the Recovery of the Sulphur,” by Mr. 
George E. Davis. 


‘ENGINEERING. 


FRIDAY, MAY 4, 1877. 











THE PATENT BILL. 

WHILST practical men, with an earnest desire to 
avert national calamity, are striving to impress upon 
our legislators how essential it is that the Patent 
Bill should be so modified as to encourage industrial 
improvements to the utmost, that ever restless and 
eminently unpractical and illogical agitator, Mr. 
Maefie—whilom member for Leith—is, by letters 
and pamphlets, endeavouring to convince the un- 
wary that the public interest demands, not the en- 
couragement of inventive genius, but additional 
facilities for the free use of inventions, for the 
special benefit of manufacturers in general, and of 
“— refiners in particular. 

e have before us what we believe to be Mr. 
Maefie’s latest production, and quite a formidable one 
it is, in — of bulk, consisting, as it does, of 134 
pages. of notes, letters, resolutions, news- 
paper articles, and so forth, ing more or less refer- 
ence to the patent question. As Mr. Macfie himself 
admits, these pages do not present an orderly array 
of ts ; hence we are unable to take _— 

ig 


argumen 
points and deal with them one by one. But 


Miller | the discussions which have just 





a matter of no consequence, for although the com- 
piler has raked up all the old and well-worn allega- 
tions and theories, no new light is shed upon the 
subject. Notwithstanding that every exertion has 
evidently been made to render the production 
effective in promoting the interests of a wealthy 
minority, at the expense of the nation, it can have 
no weight as against the practical conclusions of the 
Select Committee of 1872, that the privilege con- 
ferred by Letters Patent promotes the progress of 
manufactures, by causing many important inventions 
to be introduced and developed more rapidly than 
would otherwise be the case, and that the same 
privilege leads to the introduction and publication 
of numerous improvements, each of a minor cha- 
racter, but the sum of which contributes greatly to 
the progress of industry. These conclusions were 
the result of careful inquiry and deliberation, and 
were arrived at after Mz. Macfie, and others of his 
way of thinking, naring had every opportunity, 
ny pa all they could urge in  * of their 
own capa but unpopular views, It is true Mr, 
Macfie says the Select Committee. was so con- 
stituted as to preclude any serious expectation of a 
verdict against patents. Quite so. And so also is 
the British public. Let any one who honestly 
doubts this, make a point of sounding all the intelli- 
gent persons with whom he comes in contact, in- 
cluding those who never had an invention or any 
interest under a patent, and he will find the verdict 
almost unanimous in favour of patents. Hence, 
to say that the Select Committee was so constituted 
as to preclude any serious expectation of a verdict 
against patents, is only to prove how completely 
that Committee reflected the opinion of the nation. 
Mr. Macfie would doubtless have us believe that in 
some mysterious way or other the Committee was 
ked, Such, at least, is the natural inference to 
drawn from his remarks on the subject. But it 

is one of his unfortunate weaknesses that he is not 
always either precise in his assertions or logical in 
argument. Referring to the recent conference at 
the Society of Arts, he says, “It is a pity the Society 
of Arts isin the hands of zealous genes men, At 
en place nota 

member favourable to public rights appears to have 
opened his mouth,” Surely ‘the writer's pen has 
got the better of his judgment, when he boldly 
asserts that a body numbering some 4000 members, 
amongst whom are to be found the most eminent 
and enlightened scientific and other men of our day, 
ie in Nes hands of zealous patent manner te sa = 
of the outrage on propriety involved in the c e 
es against the many men of social distinction 
and high scientific attainments, and others who took 
in the conferences, But time does not appear to 

ve toned down that recklessness which has, on 
formmer occasions, led Mr, Macfie into error. It is 
seldom he attempts to adduce facts in support of his 


. | theories on the patent question ; and we have not for- 


gotten how, not so very long since, he endeavoured 


“| to prop up his crochets by rashly asserting, to the 


honour of the Zimes, that the Walter press was not 
petented, when in point of fact a number of patents 
ad been taken out by the inventors, and the ma- 
chine had simply been named after Mr. Walter, by 
whose enterprise and verance it was brought 
out. 
Macfie’s statements, however honestly made—as no 
doubt, from his point of view, they are—must not 
be blindly accepted. ually must the grounds on 
which his arguments are be subjected to severe 
scrutiny. e say this advisedly, for there is, here 
and there, a certain amount of plausibility in his 
writings; and since he is known to have paid much 
attention to the subject of Patent Law, there might, 
in the absence of due warning, be some danger that 
those whose minds are largely preoccupied with 
other matters would be tempted to accept his con- 
clusions without due inveptignteen, under the 
erroneous, though perhaps not altogether unnatural 
impression, that because he has been a manufacturer 
and a member of Parliament, therefore, exw necessitate, 
there is something in his arguments. But, in fact, 
he would have us believe that the aim of a few is the 
true interest of themany. He argues from the stand- 
now of ~ wet agenenansa whose e eanonien 
cement e prete represent the actual require- 
ments. of the public interest. The followin pie 
posed addition to the Patent Bill is extracted rom 
the in the pamphlet before us, of a Com- 
mittee of en ao" of amenente 
at annual meeting, 
March 29, 1877: ‘A clause to entitle persons 
engaged in any particular branch of trade, associated 





We recall this incident to show that Mr, | f 


and | them—an insinuation we 
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together, to demand that, after three years of exclu- 
sive patent right, or earlier if the patentee is willing, 
any invention affecting them shall be valued by three 


rts to be appointed by the Lord Chancellor, in 
order to extinction of the patent and free use of the 
invention thereupon by the whole community.” The 
italics are our own, and perhaps we need hardly say 
it was Mr, Macfie who moved the approval of the 
report. Our readers will observe with what noble 
disinterestedness the ‘‘ persons engaged in any 
particular branch of trade, associated together,” are 
to bring about the extinction of a patent ‘‘ affecting 
them”! Some sceptics may think that an invention 
affecting, for instance, the sugar refining industry, 
could be used only by sugar refiners, and that, 
logically, free use of the invention by ‘‘ the whole 
community” would, in that instance, mean simply 
free use by the sugar refiners, not in the way of 
healthy competition, but for their own peculiar 
benefit, as a body; certainly, it does not seem equally 
clear in what manner the general public is to 
benefit y Ar snug little arrangement. The in- 
vention, it remarked, is to be valued at a period 
when, if the past history of inventions affords any 
criterion, even experts (unless, meron, members 
of the trade actually concerned, and therefore 
directly interested) couldnot appreciate its true value. 
Who ever heard of the true value of a really im- 
portant invention or itself within three 
years? It might be supposed that such a startling. 
proposition as the above would be supported by 
evidence of the most conclusive kind showing that 
the absence of such a provision had been seriously 
detrimental to our manufacturing industries, Let 
our readers be not deceived. Although Mr. Macfie 
adopts as his main basis of argument the sugar re- 
fining industry—not by any means a large one as 
industries go in England—yet, on looking over his 
evidencé in the report of the Royal Commission, 
they will find the following: [Question put.] 
‘¢ There being 400 patents now in existence affecting 
your trade, none of which are made use of by you, 
do you find that the existence of those patent 
rights creates impediment and interruption and in- 
convenience in the prosecution of your business? 
[Answer.]—‘* Not in the smallest degree, but -if 
patentees were troublesome as they might e 
under a change of the law, and with a better or- 
ganisation, we should find our business so uncomfort- 
able that it would be almost necessary to retire from 
it. Every one of those parties might come and allege 
that we were infringing some patent and might bring 
us before a court, as that person did to whom I re- 
ferred,” Inaword, Mr. e’s arguments are not 
borne out by facts. He a of patent right as a 
permission to in¢rude on the public sacs . Tosay 
nothing of the misapplication of the word “in- 
trude,” it is evident that for ‘the public” we must 
substitute ‘‘ manufacturers.” We all know that 
many manufacturersin extensive business, witham 
capital at command, prefer jogging along in the old- 
fashioned way, to being bothered with innovations ; 
so long as vn are on an equality with their com- 
petitors, the public can be made to pay. Some have 
uired (not always without the aid of patents in 
the first instance) extensive connexions, and great 
reputations, which enable them to command even 
‘ancy prices, and they do not find it convenient to 
be troubled with improvements which involve not 
only departure from their old routine, but also pay- 
ment of well-earned recompense to the “ intruders” 
who have, by their inventive genius, superseded the 
older, well and to the said manufac- 
turers, sufficiently profitable way of a 
But this is not the point of view from which the 


matter is to be in the public interest, nor is 
it the view actually taken by the more intelligent 
portion of the general public at home, or of practical 


men abroad. The resolution passed last year by 
the Dutch Manufacturers’ Union, in favour of 

tents, and the more recent introduction of the 
sovernment Bill just passed by the German Parlia- 
ment, to give patents of fifteen years’ duration ex- 
tending over the whole German Empire, unmis- 


takably show that the anti- t mania has proved 
to be practically fallacious in those countries where 
effect has been given to it, 


Mr. Macfie, wearesorry to say, endeavoursto weaken 
the influence of important oo by insinuating 
that they are composed wholly of i 
interested in patents—‘ pro- 
we rymerg nee 
denounce as a calumny, were it not, on 
of it, 80 as to scarcely warrant notice. Take 
for instance, the great conference of the Society of 
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Arts—is it to be for one moment credited that, if 
tents produced even a tithe of the injury Mr. 
acfie pretends, a meeting of some hundreds of the 

most influential and intelligent men, a meeting to 
which all persons, without distinction, were freely 
invited by public advertisement, would have been 
permitted to pass without a single voice being raised 
against patents? On the contrary, if Mr. Macfie’s 
assumptions were not of a purely theoretical nature 
—if patents really caused so much injury as he 
would have us believe—would there not be at least 
ten anti-patent agitators to one patentee, and would 
not those who suffered attend all such meetings in 
overwhelming majorities? According to his own 
assertions, manufacturers at least would appear 
to have far greater and more important interests 
at stake than inventors. Yet, strange as it may 
appear, we are not told by manufacturers as a 
body that the Patent Laws operate injuriously, 
or give rise to the disastrous effects he is con- 
stantly predicting. In short, it would seem that 
his mind is haunted by a phantom. We shall 
probably have occasion to again refer to the subject ; 
meanwhile let it be well understood that it is not 
the interest of the inventor alone, or principally, 
that we desire to press on the consideration of 
statesmen, but the fact that intelligent labour, and 
intelligent manufacture are essential to the preser- 
vation of our foreign trade, on which, in so large a 
measure, Great Britain is now dependent. Compe- 
tition and discovery have left us few if any “‘ staples” 
to rely on; what we can still excel in are new and 
cheaper manufactures, incited by technical education. 
But should technical education fail of its fit reward in 
this country, it will transport itself to more genial 
climes—i.e., it will go where property in inventions is 
readily recognised and rendered negotiable, and this 
country will only have educated the talent to see it 
leave her. There are three factors in national wealth : 
labour or industry, intelligence or invention, and 
capital or accumulated savings. If either be absent, 
for want of proper protection, no good result can be 
secured, Very few alterations are needed to obtain 
a good Patent Law in the Bill now before Parlia- 
ment. The principal of these are, provision for the 
appointment of properly paid Commissioners, and 
of a sufficient staff of examiners, and modification, 
in the direction.we have ere now clearly indicated, 
as respects the mode of dealing with applications for 
patents. 





THE ASHTABULA BRIDGE. 


Tue disaster at Ashtabula by which some eighty 

rsons lost their lives, proves after exhaustive 
inquiry to be one of little interest to engineers, but 
simply a vulgar case of manslaughter oe 
from the incompetence of a well-meaning but 
man, and reflecting, therefore, in no degree what- 
ever, upon the large body of American bridge 
builders, whose reputation for skilful design and 
honesty of workmanship is admitted nowhere more 
fully than in this country. 

It is satisf: to reflect that such an accident 
could not have — in England, since the 
bridge would never have had the remotest chance 
of being passed by Colonel Yolland or any other 
Government —— even if a madman could 
have been found to erect it, It is no less satis- 
factory to us to state that we have reason to 
believe the Ashtabula Bridge to a unique 
specimen of its kind in America. We have no 
grounds to boast of our immunity from such 
accidents in England, for although we have never 
killed eighty people at a swoop defective con- 
struction, we fear we have quietly destroyed a far 
greater number from the same cause in small 
batches, unostentatiously and without provoking a 
public inquiry of any sort. If the proceedings at 
many of our coroners’ inquests were made public, 
engineers and other competent designers would 
have cause to shudder. Not many months ago we 
were present at one such inquiry, when the inquest 
was being held on the body of a man killed by the 
failure of a girder and its supporting pier. We 
i the building and found that the — 
were loaded up to about two-thirds of their break- 
ng ight, and that they had been imperfectly re- 

b ce ne oe Sana, 
ing upon 


whilst at same time their limited 
the walls ht the pressure of the brickwork 
almost up to g limit. In the course of 


the evidence ed ee of dangerous 
strictures, told the jary that work was well | {t is. 


designed and of proper proportions, and in reply to 


the coroner further stated that the crushing re- 
sistance of brickwork was a certain amount which 
from numerous experiments carried out by ourselves 
we were able to state was exactly three times what 
it actually is. What wonder then that the usual 
verdict of accidental death was returned in this as 
in we fear hundreds of other perfectly analogous 
cases. It is for some reasons, therefore, to be re- 
gretted that our massacres are done like assassins’ 
work in hole-and-corner places, for the défaulters 
thus escape notice, and no such verdicts are recorded 
as that returned by the American jurymen in the 
Ashtabula case, who boldly stated that ‘the re- 
sponsibility of this fearful disaster and its con- 
sequent loss of life rests upon the railway company, 
which by its chief executive officer planned and 
erected this bridge.” 

We give on another pege detailed drawings of the 
Ashtabula Bridge together with a full description of 
the same and of the mode of failure as recorded by 
Mr. Macdonald in a paper read before the American 
Society of Engineers. 

In the engineering phraseology of this side of the 
Atlantic the Ashtabula Bridge may be described as 
consisting of a pair of lattice girders 150 ft. span 
and 20 ft. deep, with a roadway on the top. The 
top flange or compression member is made up of 
five 6 in. rolled joists placed side by side and uncon- 
nected by anything of the nature of a flange plate, 
and the diagonal struts are similarly made up of 
from three to six rolled joists. Obviously a 6 in. joist 
makes but a poor strut when of so great a length as 
21 ft. 8 in., but nevertheless we do not attach so 
much importance to this point as the American en- 
gineers and the coroner’s jury appear to have done, 
nor do we attribute the failure of the bridge to this 
cause. A long strut, unlike a tension member, is not 
liable to fatigue or gradual weakening, because long 
before a stress approaching the limits of elasticity is 
attained the strut would be visibly and alarmingly 
distorted, The Ashtabula Bridge had carried for 
eleven years loads similar to that which ultimately 
caused its failure, and there is no logical justification 
for assuming that the struts were weaker at the end 
of that period than at the beginning. Weare atno 
loss, however, to account for the fact of the bridge 
lasting so long without exhibiting any apparent 
signs of weakness and then suddenly failing, and we 
think it can easily be demonstrated that such a 
result must necessarily follow the construction of 
such a bridge. 

Incredible as it may appear to English and Con- 
tinental engineers, the assemblage of joists already 
described as constituting the compression members 
of the bridge, were simply pitchforked together 
without rivetted or bolted connexions of any kind. 
Thus the diagonal struts were merely butted against 
the cast-iron skewbacks, which in their turn were 
simply propped up against the underside of the 
bundle of joists constituting the top flange. There 
were no bolts or rivets to connect the parts, so it 
was nece to find other means of transmitting 
the horizontal thrust of the strut to the top flange, 
and the means adopted were cast-iron lugs extend- 
ing upwards between the joints of the rolled joists, 
These lugs had necessarily to do the whole of the 
work, for the frictional adhesion of the several 
under the vibration of the traffic could obviously be 
no more relied upon to prevent displacement than 
an ordinary fishbolt could be expected to remain 
for ever tight after being once screwed up. To 
insure safety, therefore, it was necessary, in ac- 
cordance with the sound engineering practice of 
every country, to make these lugs of sufficient 
strength to sustain the maximum probable stress 
with certainty and ease, and the maximum possible 
stress without fracture though not necessarily with- 
out “fatigue.” Mr. Howland in his report to the 
coroner states that, ‘“‘the lugs are lin. or 1} in. 
thick, 6 in. high, 5 in. wide crosswise at the top, and 
5gin, to 5gin. wide at the bottom.” Mr. Mac. 
donald in his paper already referred to, estimates 
the strain to be transmitted by a pair of these lugs 
at the time of the accident to be 48 tons. The 
maximum probable stress, therefore, would be 24 
tons uniformly distributed over each lug, and acting 
consequently with an effective leverage of half the 
length of the lug or 3in., the resulting bending 
moment being, of course, 72 inch-tons, The maximum 

sible stress would occur if by a slight error in ad- 
justment the whole of the 48 tons thrust were thrown 
upon the top corner of one of the lugs. This may ap- 

to some to be an un hypothesis, but 





it is one which is constantly and ly made by 
mechanical engineers when dealing: with toothed 


gearing. Under these conditions the bending mo- 
ment would be 288 inch-tons, or four times as much 
as before. A prudent engineer, therefore, if he 
were compelled to carry out a superior officer's 
hobby and employ lugs of this sort, would take care 
to provide that their breaking strength should be 
not less than double the maximum possid/e stress, 
which in the present case would be equivalent to 
eight times the maximum prodad/e stress. He would, 
therefore, so proportion the cross section of his 
lugs as to make each of them capable of resisting 
when at the point of fracture a stress of (288 X2)= 
(72 x 8) =576 inch-tons. 

Now a bar of ordinary English cast iron 1 in. 
square will break under a bending moment of 3 inch- 
tons, hence if made of that material the cross 
section of the lug should be such that the product 
of the breadth into the square of the thickness will 
oT =192. The breadth being 54 in., 


the thickness, therefore, must be NE = 5.9 in.; 


that is to say an English engineer, if compelled to 
adopt such an imbecile arrangement as that at 
Ashtabula, would have made his lugs 6 in. instead 
of 1 in. thick, and even then he would not have 
succeeded in getting his work passed by the Govern- 
ment inspector unless an efficient system of bolting 
or rivetting were introduced at the connexions of 
the struts, skewbacks, and top flange. 

Is it necessary to search further for an explana- 
tion of the bridge standing eleven years, and then 
suddenly failing? It is but too clear that with the 
1§ in. thick lugs the whole of the 48 tons strain must 
have been transmitted to the lower flanges of the 
two 6 in. joists, for the lugs were too weak to effect 
any other distribution, and indeed were inadequate 
to sustain satisfactorily the mere shearing strain, 
This concentration of pressure, combined with the 
loose and jingling nature of the attachments, must 
inevitably have led to the ‘‘ upsetting” and hammer- 
ing out and wear of the lower flange of the joistsunder 
the passage of each successive train. The cumulative 
results of this hammering year by year would cause 
the centre of pressure gradually to creep higher 
and higher up the lug until, as experience has so 
disastrously shown, at the end of eleven years 
it had attained sufficient leverage to fracture the lug, 
and thus precipitate the whole structure with its 
living load into the chasm beneath. 

It must be a terrible reflection for all concerned 
that a fatal defect which might have been obvious 
to any engineer walking across the bridge should 
have passed so long unnoted. What would be 
said if the cover of the 70-in. cylinder of some 
marine engine were found to be held on merely 
by a couple of lugs 5} in. wide, and 1§ in. 
thick whilst a hundred passengers were habitually 
grou over the top of that cylinder? ‘ Fools 
and fanatics” would be the least offensive term 
which would be supe to the responsible officers, 
and it would afford the most generous “oe 
which could be tendered of their action. The shi 
would be avoided as a charged torpedo, yet suc 
without any exaggeration would be but an exact 

arallel to the condition of the Ashtabula Bridge 
rom the moment of its erection, eleven years ago, 
until the time of its final and inevitable failure. 


be equal to 





THE LORDS ON RAILWAY ACCIDENTS. 

Tuose interested in railway working and the loss 
of life which seems to be so indissolubly connected 
with it, will scarcely have failed to observe the 
debate which took place in the House of Lords on 
the 27th ult., on the report of the Royal Commis- 
sion appointed to inquire into the causes of accidents 
on ro ay This Commission was issued in June, 
1874, and its report bears date the 2nd of February, 
1877. Its labours thus extended over a period of 
some two years and a half. From time to time we 
have dealt with the salient points of this document, 
and those of our readers who have perused our 
articles upon the oe se8r will _— them- 
selves of all its importan . 

The debate, which took place on Friday last, 
of a motion brought forward by Lord 


_—¢ out on brous y 
, “ that direct legislative interference with the 
details of railway t tended rather to in- 


crease than diminish the danger of accident by 


ividin responsibili ; that Parliament in dealing 
oath regulations for the prevention of railway acci- 
dents had hitherto always that principle, 





and that in any legislation which might from time to 
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Iron and Coal Company claim, in the Scranton Re- 
publican, to take the lead in rapid production, and 
challenge comparison in the following points: 1. 
They claim to have turned out the largest number 
of rails ever rolled in one week, on one rail train. 
2. To have made the a tonnage under similar 
conditions, and of rails of equally light section. 3. 
To have rolled the largest number of rails in 12 
hours andin 24hours, After this firm comes the 


Edgar Thomson Steel Company, of Pittsburgh, who |into a trench and covered up. Mechanical injury 
follow closely with their output during the month | and bad joints in the leaden pipe soon ca 
ending March 31st last, when the product was as | abandonment. 


follows : 
Tons. Tons. 
ts . eee 
Bits 1 a1efae | 
Total product of railmill ... we 55714435 
The product during the week ending March 31, 


for twelve turns of 1] hours 30 minutes each was : 
Tons. Tons. 


Ingots ... ‘ 20993942 
Blooms ... te se 2000414 
Rails... 1539. 

Total product of rail mill ... vib 1577 


The rails turned out were 60 lb. to the yard, and 
500 tons of them were cut to 28 ft. lengths. 


The greatest output ia 12 and 24 hours respectively 


was : 
In 12 Hours. In 24 Hours. 
Tons. jonas 
Ingots ... 
Blooms 7 anoh ff] colils 
»” yo ose ove O44 1286 
The greatest speed accomplished was as follows : 


In converting 8 heats, 52}97§ tons of ingots in 
1 hour 50 miuutes. 

In rolljng 120 hours, 32,449; tons in 1 hour 52 
minutes, making an average of 56 seconds per 


The above work was performed with two con- 
verters, and asingle rail train. Weshall await with 
interest the next report beating these two remark- 
able performances. Wo, may add that, so far as 
regards the Edgar Thomson Steel Company, the 
rails when inspected showed less than 1 per cent. 
of second quality on the entire month’s output. 




















UNDERGROUND TELEGRAPHS IN 
FRANCE. 

As might be assumed, the mileage of underground 
wires laid down in the city of Paris is very much 
below that over which ndon foot-passengers 
tread as they traverse the streets of our metropolis. 
Nevertheless Mr. Aylmer’s paper on ‘* Underground 
Telegraphs in France,” recently read before the 
Society of Telegraph Engineers, possesses many 
features of interest and some points which it may 
be worth noticing. 

The earliest attempts made in France to establish 
underground telegraphs consisted of merely burying 
copper wires covered with india-rubber. hen 
followed wires covered with gutta-percha treated in 
a similar manner. In both cases the wires were 
simply laid in the bottom of the trench provided for 
their reception, and thus wholly destitute of protec- 
tion their speedy failure was, as happened, only to 
be expected. Towards 1852 a plan was tried of 
drawing the insulated wire into a lead pipe of as 
nearly as possible its own diameter. Failure again 
ensued, by reason of the infiltration of street gas at 
the joints in the lead pipe. Moreover, the percha 
covering of the wire frequently became so torn in 
the operation of drawing it into the pipe as to 
establish contact between the conductor and the 
lead coating. Some years later another method 
was tried. It had been observed that some 
naked wires which had beenembedded in asphalte 
some ten years previously retained their insulation. 
A trench, some 5 ft. deep, was accordingly dug, a 
layer of fine sand was laid in it, and iron wires of 
No. 8 B.W.G. (chosen in preference to copper wire 
on account of its being less susceptible of variation 
from changes of temperature) stretched in the 
trench in sets of 4, 6, or 10, and in sections of 
90 yards in length, being held at a uniform 
distance from each other by means of specially con- 
structed guides which could be removed after the 
asphalto been a. A hot compound, com- 

of 60 asphalte, 7 of bitumen, and 33 
of fine washed gravel was then poured into the 
trench so as to completely envelop the wires. For 
a few years the result was in every way satisfactory, 
but ultimately loss of i ion, and finally contacts, 
became frequent. Movements of the soil cracked 





done, the wires are tightly wound round with a band 
of stout vulcanised rubber. 
around this and tarred canvas over it, which is also 
bound with yarn. 
sli 
en 
whole is then finally wrapped with tarred canvas, 
well bound with galvanised iron wire. The result 
is said to be a very compac 
the intervention of heat. 
— 5+ - + roa f holding 

ets capable of holding two or more 
cables fixed to the a of the sewer. 


similar, except in the make up of the cable, to that | 1 
pursued by our own telegraph 
cables are drawn into pi 
diameter, in lengths o 

Special and carefully devised apparatus is employed 
for drawing in the cable. 
pg between the French and our own s. 
of w 
is boxes the lids of which are laid level with the 
street pavement, by means of which access may be 
readily had to the wires within. The French system 
of slip pipes involves 


van 
spoken of as being 


= 675 megohms per statute mile, at 20 deg. 
Cen 


been in use over 12 years ; none of them have broken 
down or shown signs of decay. Within the city of 
Paris there are 119 miles of underground line, of 
which 39 miles are laid in buried iron pipes, and 
80 miles are in lead tubing laid in the sewers. The 
total 1 of wire is 2561 miles. In the chief 
provincial towns in France there is about 100 miles 
of similar lines at work. 


MARGATE JETTY EXTENSION. 

For a year and a half past the jetty at Margate has 
been rendered inaccessible to steamboats by reason of the 
additions which were being made to it from the designs 
of Mr. G. G. Page, C.E. These additions—which consti- 
tute great improvements, consist of a pier-head with high 
tide, low tide, and intermediate landing stages. The 
proposed structure was described and illustrated by us in 
June, 1871, since. which time the design has been slightly 
altered. {t was then proposed to be octagonal in plan, 
but has really been carried out as a hexagon in order to ' 
reduce the cost. The work of construction has just been 
brought to a successful close, and the new pier-head was 
formally opened on Tuesday last. The structure con- 
sists of an outer ring of decking carried on piles and 
forming a promenade 26 ft. in width. Each outer face o: 
the hexagon is 120 ft. long. From the outer ring six 
bridges of 40 ft. s converge to a central platform 
101 ft. across, on which will be constructed a spacious 
pavilion 60 ft. in diameter, sur ted by an orchestra 
with a Moorish canopy over it. At each internal angle 
of the outer promenade is a small kiosk of Oriental 
design. The whole of the outer promenade, as well 
as the central position, is surrounded with seats capable 
of accommodating about 1000 persons. The entire 
structure stands on greenheart piles, all of which, 
with the exception of the outer row of the three 
seaward faces of the pier, are cut off just above low- 
water level, and cast-iron caps are fixed upon them. On 
these caps again are fixed two tiers of cast-iron columns 
which carry the superstructure. The outer row of piles 
on the three seaward-faces are entirely of greenheart, 
defended from the shock of the steamers by ‘timber 
walings and American ¢lm fenders: ‘All the piles are 
secured by a system of bracing. The form of the struc- 
ture allows of steamers lying alongside head to weather 
in any wind, so that they can embark and discharge pas- 
sengers ‘with comfort. The three landing stages at high 
water, half tide, and low water levels further facilitate 
this." The piles are as light as is consistent with safety, 
so that they present no obstruction to the waves, which 
are thus broken up, and pass harmlessly under the pier- 
head. The open spaces in the platform constitute 
another element of safety in the structure. The cost of 
the works has been about 25,0001, and they have been 
carried out by Messrs. A. Handyside and Oo., of London 
and Derby, as contractors under the supervision of Mr. 
E. Matheson, a member of the firm. The contractors for the 
timber work were Messrs. Kirk and Randall, of Woolwich. 
The apening comemeny was attended by Mr. E. L. Pem- 
berton, M.P., for East Kent, the Mayor of Margate, the 


the insulating compound, which, moreover, lost its 
qualities and became soft where exposed to the 
action of gases from the gas mains. The 
cost of this method was about 40/. per mile per wire. 

In 1858 attempts were made to employ lead pipes. 
Five or more gutta- covered wires, t 
covered singly with tarred hemp, and then when 
twisted up into a cable again wound round with 
| tape, were drawn into a lead pipe which was laid 
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So far Mr. Aylmer merely relates France’s early 
efforts in the direction of underground wires—all of 
which were attended, more or less, with failure. We 
now come to the system at present in use and which 
may be regarded as successful from. the fact of its 
having already stood the. test of twelve years’ work, 
And here it may be well to note that the under- 
ground telegraphs in France as carried out at the 
present date come under two distinct and different 
conditions, yiz., that in which the wires follow the 
route of, and are laid in the street sewers of Paris, 
and that in which they are laid underground in 
trenches in the ordinary way. 

Paris, as is generally known, possesses a very 
complete system of sewers. They are not what 
may may be regarded as merely large drains, but are 
veritable subways, in any of which a man may freely 
move about. The main sewers are broad and lofty 
tunnels with footways on either side—the sewage 
flowing at alow level in the centre. They are kept 
scrupulously clean, and frequent manholes opening 
into the foot pavement above give means of access, 
light, and ventilation. As may be imagined, 
Parisian engineers have not been slow to recognise 
the advantages which such a system of subways pre- 
sent for laying telegraph wires, pneumatic tubes, 
water and mains. 

Whether the wires are to be laid along the sewage 
system or underground, up to a certain point they 
are subject to the same system of preparation. 
Gutta-percha wires, such as are used in England, 
are made up into cables protected by a serving of 
stout rei § hemp strand, which has again a cover- 
ing of strong tape also tarred. Before being tarred 
both the hemp and the tape are steeped in a solution 
of sulphate of copper. Only the best Stockholm 
tar isused. ‘Thus composed the cable is fit for laying 
in pipes underground, but when required for use in 
a sewer, it is drawn into a pan ae in size as nearly 
as possible that of the cable. ore being drawn 
into the pipe, the cable is rubbed with tale to reduce 
friction, Finally the lead pipe is passed through a 
wooden die, which causes the lead tube to pt 
itself to the cable within it. Lengths of about 100 





yards are thus prepared and joined up before being | Lord Mayor and Lady Mayoress of London, the Mayors 
placed in tion. The tubing is usually .05 of an/|of Canterbury and Folkestone, Deal, Sandwich, and 
Faversham, and a number of other civic and other digni- 


inch thick, and the joints are made in the following 


manner, The core is first joined through, and this| taries. The ceremony consisted in the Lady Mayoress 


driving the last nail into the structure, and declaring it 
open. A luncheon followed, at which about 250 guests 
sat down, the chair being taken by Major Sarkey, the 
chairman of the Margate Pier and Harbour Company, at 
whose instance the improvements have been carried out. 
The effect of the structure is pleasing, and this will be 
further enhanced when the central pavilion has been 
erected. 


Strong yarn is 


A piece of lead piping previously 
pped on is now brought over the joint, and its 
pinched tightly round the cable tube. The 
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The treatment of underground wires is somewhat | pro 


ineers. The 
rom 2in, to 4in. in 
rom 200 to 400 yards. 


There is, however, this 
tem— 
cified distances in the place 


Pp 
us as ‘*‘ flush-boxes”—that 


pipes are used at 
at are known wi 


the opening up of the street at 
t where it is pate gers Pag this sense, is 
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The electrical condition of the Paris wires is 
igher, as a rule, than that re- 


uired by the French T tion, 


Lines constructed upon these two principles have 
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thousands of pounds have been spent in fitting these boilers 
and inremoving them in both the royal and mercantile 
navies, and although the best engineering talent of the 
country was employed in its interest, yet the water-tube 
system has to the present time miserably failed. ~ In face 
of this discouraging experience contrasted with the 
attached to the tubulous boiler if successful, and in face 
also of the fact that no other outlet from our present 
difficulty of limited pressure presents itself, it is impossible 
to avoid seriously asking if the defects of the system are 
really fatal and insurmountable. - It is the opinion of many 
who are by no means imaginative or too sanguine that they 
are not, and although each successive experimenter does 
not seem to have taken full advantage of the knowledge 
gained by those preceding him, yet I do not hesitate to say 
that enough is now known of the question to enable an 
engineer who has well informed himself to predict wit 
much certainty if a given design will work. 

The defects leading to the failure of the boilers yet tried 
are simple and most readily understood, and are I believe 
two in number, namely, deficient circulation and inaccessi- 
bility for cleaning. It is well known that from defective 
circulation, and from no other cause, the boilers of the 
Montana, Propontis, Birkenhead, Malta, Fairy Dell, 
Meredith, Mare Antony, and Dane have failed, and from 
inaccessibility for cleaning the boilers of the Amalia and 
Palm have failed. The statement of one correspondent 
that the boiler of the Gertrude on the ingenious plan of 
Mr. Watt is working so successfully is well worth atten- 
tion. A slight consideration of the elementary principles 
of steam generation will show that the primary and 
essential condition of efficiency is circulation; as water 
flashes into steam a free exit for that steam and a free 
inlet for new water to the place of generation is necessary, 
and how in face of this simple and well understood action, 
Mr. Perkins could say that his boiler required’ no circula- 
tion, but made steam by ‘‘foaming”’ it is difficult to 
understand. Mr. Perkins says that his boiler would work, 
although similar in principle to the Montana’s boiler, be- 
cause a certain pipe was omitted in the case of the latter, 
and this deficiency will be supplied in the Perkins boiler. 
Unless there is some more radical departure from the 
design of the Montana’s boiler than the addition of a pipe 
connecting and equalising the pressure in the steam spaces 
(and this is apparently the pipe to which Mr. Perkins 
alludes), then there is no sort of doubt that the Perkins 
boiler would meet the same fate, because the failure of the 
Montana proceeded from a deeper and more radical defect. 
Referring to the illustration in the paper already alluded 
to, it will be seen that the horizontal water holding tubes 
immediately over the fire were connected to those above by 
two narrow vertical necks, and the contracted area of these 
would not allow the steam generated to escape at a 
sufficiently slow speed, its upward rush carrying the water 
with it, the tube being thus left unprotected from the fire. 
If Mr. Perkins’ boilers work well the cause will be found 
in the increased area of vertical connexion with the up 
tubes. Mr. Parker has stated—and no one isa higher autho- 
rity on the subject than the present chief engineer surveyor 
to ag i wy the Perkins boiler is identical in principle 
with that of the Montana, and it seems altogether in vain 
to urge the trial of such boilers unless they embody the 
alterations pointed out. Indeed, horizontal surface is a 
most objectionable feature in tubulous boilers, because 
circulation being due to the force of gravity operating 
vertically, there is no circulation along a horizontal tube 
except it be borrowed from the vertical ones, and the more 
nearly vertical the position of the tube the more efficient 
the circulation. Most of the boilers named have been 
— by want of attention to this principle, and it is 
only when it is fully acted upon that we will have an 
efficient boiler for higher pressures. 

Your obedient servant, 
J. ForTESCUE FLANNERY. 

Westminster, April 26, 1877. 








CONTINUOUS BRAKES FOR RAILWAYS.* 
By Caprain TYLER. 

IN order that no possible misunderstanding may exist, I 
will ask you to allow me, before I proceed to discuss the 
question before us this evening, to state clearly my own 
— with regard to it. Up to the present time I have 

, a8 Chief Government Inspector of Railways under 
the Board of Trade, perfectly independent as regards this 
and all other ae ae I have always persistently 
adopted the course which my office required, and my inclina- 
tion dictated, of recommending, by way of improvement in 
railway working, general a only in the interest of 
safety and efficiency, and of holding the balance, as far as 
lay in my power, evenly between all inventors. About six 
months ago I was elected President of the Grand Trunk 
Railway of Canada, and an honourable member of a certain 
house not very far from this room, who has, from time to 
time, for some reason unknown to me, taken a kind interest 
in me and my affairs, inquired, in his place, of the Presi- 
dent of the Board of Trade, at the commencement of this 
session, whether it was intended that I should at the same 
time retain my office at the Board of Trade. Mr. Westing- 
house, whose name is so well known in connexion with a 
continuous brake, on seeing, from the question so put and 


the answer given to it, as reported in the news rs, that 
oe nome | to leave the Board of Trade, ask: the advice 
@ mui 


friend ; and then, some time having elapsed, 
he was good enough, a few weeks ago, to make me an offer 
of a most handsome and complimentary T, with a 
view, if I should give up the Board of Trade, tomy having a 
ro pits intron in, and assisting him in his business. 

» Of course, a previous general acquaintance with his 

other contrivances for what on called continuous 





brakes ; but I then began to consider the different systems 
more carefully. The main condition that I laid down for 
myself was that I should under no circumstances accept 
his offer, or consent to associate myself with him, unless 
and until I could satisfy myself beyond doubt that his sys- 
tem was the best that been or could be devised ; 
that it was based on principles which deseryed to be 
ry oy in preference to all others, and could be proved 
to superior in practice; that it should be able to 
withstand the test of full and public discussion, and 
fair and practical experiment; and that it should, in 
fine, possess pre-eminently the qualities which the best 
brake ought to possess. am. still anxious ba gney | 
this s subject, from motives of self-inverest, and 
should be very much obliged if any one would point out to 
me wherein any other system of brakes is superior before 
I finally determine to accept or reject the offer thus made 
to me, which, having resigned my office at the Board of 
e, Iam now free todo. The points I am considering 
for myself are just those which it is to the interest of the 
chairmen and divecters of the railways of this country 
also to make themselves acquainted with, and it has 
occurred to me that a full and fair discussion of the sub- 
ject would be of great value at the present time, not only 
to the railway companies in this and other countries, but 
to all those who travel by railway. Many improvements, 
such as the block-system, interlocking of points and signals, 
cum multis aliis, which it has been my duty to recom- 
mend from time to time, have made enormous progress in 
possel yeeee and are now ina fair way to become gene- 
rally adopted. But this question of continuous brakes, as 
affecting Fra — =~ runs, and = every ye 
tingenc can happen to it, is really of more importance 
than ail of them put ther, and the time has come 
for a decision in re it. I have thought, therefore, 
that Icould not do better than draw up a short paper as a 
peg on which to hang a discussion, and that I could not 
choose a better battle-ground than this lecture-room, w 
all who are interested or anes in the subject may come 
forward to advocate their claims and state their opinions. 
After these preliminary observations, I beg to submit to 
you the following paper : 
It is a singular circumstance in the history of railway 
construction and working that the power of propelli 
trains should have advanced so rapidly, the means 0: 
stopping them so slowly, towards vant neg be called per- 
fection. Railways are now half acentury cld. The highest 
speed became practicable and available within a compara- 
tively short period after their introduction. We were able 
to travel as fast thirty years ago as at the present day; 
but we are now, in the year 1877, for the first time 
seriously considering the best principles for quickly re- 
at — fast trains, a we poef i > 
pen in the greatest emergencies mainly upon the ru 
and primitive contrivance of employing men to turn handles 
in different parts of railway trains for applying brake 
blocks to the wheels of a few vehicles. This is the more 
extraordinary, inasmuch as it is more important, for 
reasons both of convenience and of safety, to be able when 
necessity arises to reduce than to acquire speed rapidly. 
It is in consequence of the want of better means of 
applying brake power that the signal arrai ents 
have become so complicated, and distant si have 
been necessarily placed at such great distances, 
varying from half a mile to 1500 yards, from stations, 
junctions, level crossings, or cabins with the disadvantages 
of extra cost, of difficulty and uncertainty of working, of 
their being placed out of the sight of the signalmen, and 
of employing electric-repeaters in the cabins to indicate 
whether the arms are working, and whether the lights are 
burning. It is from the want of brakes on every vehicle 
that special brake vans have been employed on inclines, at 
increased expense in wages, in wear and tear of material, 
and in haulage for bringing these special loaded vans up 
in after their descent with a train. From the want of 
py vate proportion of brake power, much time is lost on 
every journey, the engine-drivers are compelled to slacken 
speed at long distances from points of aonpeee ; and the 
more frequent the stoppages the ter the time that is 
thus consumed. We find that the suburban or metro- 
politan systems of railways have, for this reason, been 
amongst the first to make use of continuous brakes. The 
North London, the Metropolitan, and the District Railways 
have thus adopted, respectively, the chain brake, the 
vacuum brake, and the air-pressure brake. It is from the 
want of more brake power, properly applied, that most 
accidents occur, and that almost all the more serious acci- 
dents have been attended with fatal consequences. In cases 
of collision, where engine-drivers have several hundred 
magne and perhaps a mile or more, to bring their train 
a stand, but are unable to do so from the want of brake 
power, the advantages of seutionste brakes are Tt 
especially on s gradients and slippery rails. But they 
are hardly less icetent for the prevention of loss of life and 
injury in all other cases, as for instance when trains leave 
the rails, owing to defects in the permanent way, or to 
their meeting with obstractions ; when failures occur of 
couplings, springs, axles, tyres, or other parts of the roll- 
ing stock ; and when there are accidents at facing points, 
or on inclines. ¥ rc , ’ 

Iam quite aware that in b g forward this subject, I 
am taking a leap, not in the dark, but rather into the glare 
of a fire. There is no other subject so hotly contested in 
the railway world at the present moment. Not wy a 
there diversities of opinions, but there are also preju 5 
and feelings, and interests at stake, which tend to prevent 
ped nan 5 a ny eer <cnapen conte, Bean gaining a 
hearing. ve uently occasion to observe 
the disad of different. i pls ane 


companies i 
systems of . es) when they formed con- 
tinuous routes of Cama om yee $ 


uainted with the subject, 





* Paper read before the Society of Arts. 





ie8 to agree on any one brake system. Each board of 
Toadies has confidence more or less in its own technical 
officer, and looks at the matter, naturally, ——— 
spectacles. The various locomotive superintendents have, 
secprding te their opportunities, their special knowledge 
their q' cations, or their experience, honestly formed 
very different opinions ; and they would, Iam sure, them- 
selyes admit that there is at present no chance of their 
agreeing together as to any one _—— of continuous brakes 
which it would be desirable adopt in preference to 
all those other systems. Many of them are, indeed, com- 
mitted to one another of these systems ; and I have too 
much respect for them to think that they would lightly 
change the opinions which they have deliberately fo: 
and confidently expressed. 
In other questions of railway construction and wie 
there are not the same difficulties to contend with. In the 
construction of engines, or the construction of carriages, 
in devising instruments for working the block system, or 
—— for ——ao oe levers for working points 
and signals ; in applying ing bolts or locking bars to 
facing points ; in the methods of securing tyres to wheels, 
so as to prevent them from flying off in case of frac- 
ture; in the form of rails, ne of fastenings, 
construction of bridges, considerable difference may 
afforded ; and it is a matter of comparatively little im- 
ee how much managers, engineers, and manufac- 
turers, may hold diverse opinions, or adhere to differences 
in practice. But in fitting up engines and vehicles with 
some ar yo Fp regen ray have opto comeneeee. — 
impo at in running carriages thro from one li 
to another, they should be adapted to corel and 
that they should be fitted in this respect, not only with the 
best, but with the same means of convenience and safety 
as regards the brake apparatus applied to them. This 
requirement is imperative, and cases of accident will in 
future be narrowly watched, now that public opinion has 
become fully alive to the question, to see whether the best 
system of the brake power is in use, and what has been the 
result. It may, in » be considered certain that the 
best brake will before oo | youre have passed become 
general, if not universal ; and that, whether true or not in 
reference to other matters, the theory of the ‘‘ survival of 
the fittest’ will certainly prove true in the case of con- 
tinuous brakes. Before it is too late, therefore, it would 
be wise for the boards of directors and managers of the 
various railways carefully to consider this matter, and to 
ascertain for themselves which is the best brake for general 
adoption. It is obviously much better that they should 
come to a — agreement with each other, and gen 
adopt that which they find to be best adapted for 1 
purposes of practical working and maintenance, than that 
they should spend money foolishly in bese | a number of 
different brakes of various degrees of merit on different 
lines of —*, and certainly better that they should do 
so themselves than that any sort of compulsion should be 
exercised by Parliament or by any Government de: ent. 
I have seen much in the last twenty-four years of genuine, 
hearty, honest o ition to required improvement and of 
such opposition from the highest quarters. But I have 
also seen how it has disappeared, as a summer Pr 
before the teaching of experience, and the force of public 
opinion. And I know well that in regard to this, as to 
many other improvements which it has been my duty to 
advocate, and my satisfaction to see adopted, fair and open 
discussion, with public trials and practical working, will 
brush away premature conclusions individual pre- 
judices, like so many flies, and cause the best brake 
whichever it may be, ultimately to be brought into general 


use. 
In discussing the subject in detail, it will be wise to 
begin at the beginning, and to state what a continuous 


brake is. Inthe use of a continuous brake, properly so- 
called, the blocks may be applied from one point to all the 
wheels of every vehicle in a train, whilst the blocks of the 
ordinary mechanical brake are commonly applied by a 
guard on one vehicle only. Brakes may be wholly or 
partially continuous. They may be so fi as to be ap- 
plied ng a whole train from one point, or 

may be _— 80 “es be applied in sections of a 
a van, and one, two, or more carriages cou 
together to form each i If there Ny ~ Em eon- 
tke selecting dpose inthe tonke ih chvlonsie ka ix rovanal 

e orce in r) in 

hands, unless there be some further means of a; ing the 
brakes on each of these various sections simultaneously 


one point. 
(To be continued.) 





Messrs. Isaac Dixon anv Co. (Lim1TED).—We notice 
the issue of a prospectus for the formation of a li 

pany m the present business of Messrs. Isaac Dixon and 
, of the Windsor Iron Works, i 
ada; for the manufacture of gal iron p 
roofing, wirework, &c. The —— capital is 50,000’. 
in 2000 shares of 251. each. ese shares, we believe, 


in t 
the majority have been already taken up. 





Cuypz Trust.—At the monthly meeting of the Clyde 
Navigation Trustees nae resventeg,, Sane was submi 
the quarterly report by Mr, xan) the engineer, ue - 
works in or in prospect in connexion wi 
river a cana During the quarter ending 31st March, 
there were dr 204,952 cubic yards of material, of 
which 160,432 cubi were new material; and almost 
the whole of it was deposited at the mouth of Loch 
whither it was omnes by the trustees’ steam hopper 
. Agood deal of progress has been 
with the new works in progress at the Sto 


: 


: 





Le “en but I have been told in 
way officers 
fee it would be utterly impoasible for the railway com- 


including the hydraulic coaling cranes, swing 
sevens tor, al tocnaante working it, &. 
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THE FAILURE OF THE ASHTABULA 
BRIDGE. * 


By Cuartes MacponaLp, C.E. 

Own the evening of December 29th, 1876, at 8 o’clock, an 
express train, consisting of 2 engines and 11 cars, going 
west, broke through an iron bridge on the line of the Lake 
Shore and Michigan Southern Railway, at the rye bed a 
small stream, about 500 ft. east of the station at Ashtabula, 


Ohio. : 

Of the 11 cars in the train, 3 were loaded with express 
matter, 1 was a baggage car, and the remainder were 
passenger cars of various descriptions, including 3 sleeping 
cars. These contained, according to the bane y of the 
superintendent of the road, 128 passengers and 17 train 
hands ; of which number, 69 are known to have been taken 
alive from the wreck, and 72 adults and 8 children are said 
to have been lost; leaving 4 not accounted for ; it is con- 
sidered doubtful, at present writing, whether these were on 
the train. 


At the moment when the pilot of the forward engine 
reached the western abutment the top chord of the south 
truss, which was almost directly under the train, gave 
away ata point about 23 ft. from the west end, causing 
the immediate fall of the entire structure ; the engineer of 
the first engine feelinga sudden movement pulled open his 
throttle valve and succeeded in landing his engine on solid 
ground west of the abutment, but the remaining engine 
and the express cars went down with the bridge, while the 
passengers cars were ones one after another over the 
eastern abutment into a chasm 65 ft. in depth, piling one 
— the other in a shapeless mass of splintered fragments, 
w = a, —_ 4 and oo —— bijee 

‘or the purpose of systematic consideration, the subject 
will be presented under the following heads : 

1. A des¢ription of the bridge. 

2. The circumstances under which failure occurred. 

3 ame most important lessons to be learned from the 
event. 

1. A'Description of the Bridge.—About eleven years ago, 
Mr. Amasa Stone, the then president of this part of the 
oo Railway, euanaek fp TN oe 

ridge spanning a clear ope 't-, and proportion 

to carry the traffic of a double line of rails —— upon the 
top chords. For some time previous he had been familiar 
with -bridge construction, and was generally con- 
sidered to be a man of large experience in the requirements 
ef railroad practice, and commanded the confidence of a 
large circle of viking be a= in —w to query out 
successfully an: e might undertake to do. The result 
of his efforts at that time, may be described as follows : 


A two ae hh chord, deck bridge, with the web 
system as in the well-known Howe truss, but 
without the end vertical posts. (Figs. 1, 2, 3.) There 
are 14 els of 11 ft. each, with a height of 19 ft. 
9 in. Fare centres of distance between 
centres of trusses was 16 ft. 6 in. and width of each chord 
34 in. The first or end panel of braces contained 6 rolled 


* Abstract of a paper read before the American Socie 
of Civil Engineers. y 














beams of I section 6 in. deep, 4 in. flanges, and § in. webs, 
with a total sectional area of 57.6 square inches. From 
the first bottom angle block to the centre of the first set of 
a $4 in. in diamete: =. 

thick, abutting —_ bearings at either end. ese 
ipes contained 2 in. round rods, which were screwed into 
the bottom castings and the braces toa 
bearing on cast washers held upon the upper side by a 
wrought gib plate. The set of braces were the 
same in number as the first, and probably of the same 
section ; they were spread far enough a: at the centre 
line of the truss to allow of the passage of a light 6in. beam 
in the direction of the counter brace, and at the intersection 
they were clamped by two { in. bolts and 3 in. plates. 
(Fig. 1.) The third set probably had 5 beams of same 
general dimensions and 1 counter; 3 mains on one side 
and 2 on the other, of the counter. The fourth set had 
4 mains and 1 counter ; the fifth set 3 mains and 2 counters, 
and the sixth and seventh sets, the same as the fifth. It 
was impossible to determine the exact sectional area of the 


Fig. 1. 





of five I beams 6 in. deep, 2} in. apart ; these rested 
upon cast-iron angle blocks at _ points, and were 
—< so as to break joint alternately, three on the 
first block and two on the next. (Fig. 7.) From the 
masonry out to the second block there were two beams which 
did not assist in sustaining chord compressions, they were 
intended to carry the cross floor beams for the extreme 
fo The sectional area of each of the end beams was 
0.35 square inches, from which there was a gradual in- 
crease to 11.85 square inches at the centre. They were 
held together by two jin. bolts in each panel, ing 
through cast-iron ferrules (Fig. 9). At the angle Blocks 
those which did not break joint were held in place 
by friction of the jib plate, and at the joints there were 
projections on the block (Fig. 5), which served the pur- 
pose of transmitting web strains. The arrangement of 
the different sizes of beams (Fig. 8) was concluded from 
an examination of the original bills of material, and from 
a measurement of some of the beams in the north truss 
soon after the accident ; it is just possible, therefore, that 

































































braces as they were placed in the bridge. According to the 
bills of material it was intended to give each beam used as 
a counter and for centre mains a sectional area of 8.85 
square inches, increasing ually as the strain required, 
to 11.1 square inches for the end mains, but there appears 
to have been some modification of the original order, and 
as all these braces were of the same length, and the erection 
was intrusted to inexperienced men, it is probable that 
some of the lighter braces may have been placed nearer the 
abutments than was originally intended. 

The first set of vertical rods contained eight of 2} in. 
diameter ; the second, eight rods of 2 in. ; the third, eight 
lf in. ; the fourth, eight of ic bes ; the fifth, ns tr 16 in. ; 
the si Ny we tps yee centre set, eight of 1jin. All 
these rods solid forged heads at the upper and 
enlarged ends with screw thread and nut at the bottom. 
They rested upon gib plates 5in.x lin., which extended 
across the ¢' above and below. The top chords consisted 








in the bridge as built, this arrangement was not accurately 


adhered to. 
In the bottom chords, there were five lines of flat bars 


5x1} in. each ; the two outer lines were in pairs, one above 


the other throughout the entire span; the next two were 
single from ye to the fourth panel, and then double ; 
the centre line was single from the ends to the third panel, 
thence double. Splices were made as shown in Fig. 6. At 
ints, there were lugs 3x lin. forged upon the 
upper , fitting recesses in the angle blocks, by which . 
means the web strains were transmitted to the upper half 
of the chord, and it was assumed that the correspondir 
lugs on the lower half at the splices would equalise the dis- 
tribution. The hip at splices and connexions with 
le blocks was very of its kind, and could not have 
iled to insure safety at org eer A The bottom system 
of lateral ing consisted 24x }in. diagonals extend- 
ing over two and connecting with the angle blocks 
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by I (Fig. 2); also struts in the form of railroad bars 
attached to the gib plates by two fin. bolts; these struts 
did not connect with the chords at same panels with the 
diagonals except at the yf poy where there was an 
extra strut. This system no means of adjustment. 
Top lateral rods were flatat the ends and connecting with 
angle blocks, as in the lower system ; but they were round 
in the middle and made adjustable by means of turn 
buckles. Cross floor beams, of which there were three in 


each 1, supplied the place of struts; they were con- 
nec with the chords by means of yokes and lugs 
(Figs. 8,9). There was also a system of sway rods, 1} in. 


round with turn-buckles, passing from the top chords 
diagonally to the bottom (Fig. 3) and attached to the same 
alternate angle blocks as the laterals ; this connexion con- 
sisted of a lug held ina recess in the casting by a #in. tap 
bolt (Fig. 9). 

The floor of the bridge (Figs. 2, 3) consisted of 6-in. 
cross beams, 9.6 square inches area, upon which rested 
7X14-in. white-pine stringers, and3X5-in. oak ties, spaced 
2 in. apart. At theextreme end of the cross beams were 
8x10-in. pine rd timbers bolted to them. On the 
inner side of each track rail was a guard rail of same size, 
leaving a clearance of about 5 in.; these two guard rai 
came together at points about 150 ft. from the abutments, 
forming a V-shaped guide. Accidents from derailment on 
such a floor as this are exremely rare. 

So far as could be judged of the material without making 
actual tests, it was all of excellent quality, and no pains 
seems to have been spared in the forged and machine work 
to insure accurate connexions. 

It is said that much trouble was experienced in the erec- 
tion, by reason of the want of proper supervision, and it is 
certain that the original plans were modified in some im- 
portant particulars; all the brace beams were originally 
intended to be placed with their long side at right angles 
to the chords of the truss, and there were but four in the 
end panels, whereas, in the bridge as it was built, there 
were six beams in the end panels, and all were placed so 
that their long sides stood upright. The reason given for 
this change was, that under the weight of the bridge alone, 
the beams as oy placed buckled and tore apart at 
the intersection with the counters. This change in the 
number and position of braces made it necessary to chip 
off a of the flanges to prevent them from interferin 
with the vertical rods, and as the castings had been lanl 
in grooves to suit the first positions, they, too, had to be 
chipped to as nearly a square bearing as possible. All this 
work was imperfectly done, and the result was, that the 
braces did not have what would be understood as square 
bearings. In the top chords 4-in plates were fo: be- 
tween the ends of the beams and the cast lugs, but as 
this was probably due to an error in length of the chord, 
and pieces were inserted to secure proper camber, they 
did not necessarily impair the connexions. These cast 
lugs, however, had been reduced in thickness from 2 in. to 
1}} in. for some unknown reason, and their strength to 
transmit the web strains was in consequence materially 
lessened. 

2. The Circumstances under which Failure occurred.— 
In a blinding snowstorm, with the wind blowing a gale 
from the north, the ill-fated train, under a speed of 15 miles 
an hour, moved forward upon the bridge; at a moment of 
time which is not distinctly impressed on the mind of the 
engineer of the first engine, he felt the structure give way 
under him, and as it were by instinct, he threw open the 
throttle valve and succeeded in reaching the west abutment 
with the wheels of the engine on the track while the ten- 
der was derailed; looking back he saw the bridge and 
train piled up at the bottom of the ravine in indescribable 
confusion. The alarm was at once given, and every pos- 
sible effort made to extend aid to the unfortunate passen- 
gers, but the prevalence of the storm and the fact that all 
the cars contained stoves filled with burning coals, ren- 
dered this task an almost hopeless one, and in an incre- 
dibly short space of time all that was combustible had 
passed out of sight. The second engine was found near 
the south-west corner of the abutment, lying on its side 
and pointing nearly east, with the pilot uninjured and the 
drawbar, by which it had been connected with the forward 
tender, broken square off. The south-west corner of the 
abutment showed undoubted signs of having been struck 
by a heavy falling body, and from the position of the 
wreck of the second engine with reference to it, it is evi- 
dent that that engine must have moved forward on the 
track until the forward truck wheels were directly over 
the abutment. It was held in that position for an instant, 
until the rear, swinging down with the bridge, struck the 
abutment, thus causing the snapping of the draw bar, which 
was then under a severe cross strain, and as the pilot end 
was liberated the whole engine capsized towards the east. 
The south truss, with the exception of the second panel 
from the west, fell to the north with part of the top chord 
under the bottom chord of the north truss; the second 
panel of the top chord fell to the south and was covered 
by the engine. The north truss fell to the north, and the 
whole bridge or perhaps more particularly the south truss, 
moved about 8 ft. eastward ; all the cars except the last 
sleeper landed about the middle of the ravine and to the 
south ; the last sleeper before reaching the east abutment 
rolled over to the north, crossing the down track and 
plunging down the embankment was consumed at a point 
about 150 ft. north-east of the others. Very little of the 
iron was broken, and a much larger percentage of beams 
were taken out comparatively strai ht than might have 
been expected. The two beams extending outward from the 
maso (Fig. 1) were straight so far as the first angle 
block, t 

reaching from top of 


ry oer to the end ; the three 

the set of braces to the third set were bent south 
around a curve of 90deg. The cast-iron angle block at 
top of second set of braces had the south Ing broken off 
close to the face, and the line of fracture disclosed an air 


ls | as well as outwards, 


en bent at a sharp angle 45 deg. to the south, then | had been 





hole extending over one half the entire section. It is' 
said that this casting was found resting upon the bottom 
chord, having a, whole length of the vertical rods. | 
The second set were all bent to the south, and | 
were nearly doubled upon themselves. Several other chord | 
castings were broken into small fragments, and some of | 
those which were not broken in the body, had one or more 
lugs knocked off. 
rom the facts stated, there would seem to be little doubt 
but that failure first began in the south truss, at the second 
el point from the west abutment. This _ must 
ve moved to the south while the first and third points 
were held in position for the moment, by the vertical sway 
braces and laterals, until sufficient distortion had taken 
place in the chord, to cause complete failure of the bridge. 
That the end braces did not move first, is shown by the 


fact that the first engine pulled clear, and also by the dis- 
tortion of the end chord beams at the om w they 
the first casting ; these show that they were held as 


tn o vice 4H Chase Site Gate wens Sent SS Sag. 

The second set of braces could not have buckled at the 
first instant, as this would have immediately depressed the 
second panel sufficient to bend the end beams downwards 
the same result would also have been 
noticed in the three chord beams reaching from the top of 
the first set of braces ; in neither case, however, is there 
any evidence of boning exces in a horizontal directi 

If the failure began by buckling of the top chord between 
first and third set of braces, it would probably be indi- 
cated by an excessive strain per square inch upon the 
never ts f but by referring to the ae sheet it will be 
seen that this was very nearly the strongest part 





of the 
top chord. It would seem, therefore, to be the only alter- 
native, to assume that destraction began in the second top 
chord angle block. By referring to Fig. 5, it will appear 
that the horizontal component of the strain from the 
second set of braces must necessarily pass to the only two 
beams in the chord, which are in a position to receive it, 
through the cast-iron projections near the centre of the 
block ; these were each 6in. wide by 1}, in. thick, and, 
as we have already noticed, the one which was found 
broken off was so far impaired by an air hole as to be re- 
duced in strength fully one-half. The amount of strain 
which this lug had to transmit must have been 53,000 lb. 
at the time of the accident ; and considering the manner 
in which it is applied and the fault in the casting, this spot 
would appear to have been the weakest in yay At 
no other point were these lugs subjected so great a 
strain except at the end casting, and here they were heavily 
reinforced. There is one fact, however, which must not be 
lost sight of in this connexion: the broken lug was on the 
south side of the block, and at first thought this might in- 
dicate that the point should have gone to the north, if 
failure began in the manner suggested. 

An examination of the strains under the total dead load 
of 2830 1b. per foot, and live load of 4000 lb. per foot, re- 
veals the fact that the bottom chords and vertical rods 
were ample in strength, and it is not believéd that the 
material or workmanship was in the least defective; but in 
passing to the compression members a serious dificnlty is 
encountered in the attempt to determine a factor of safety 
from the strain per square inch, owing to the uncertain 
character of the data to be used in Gordon’s formula, for 
the strength of columns. Let it be assumed that for 
columns having square end bearings, this expression would 
be for American iron : . 

Breaking weight per square inch = 

» 40,000 - 
length ? 

1+ 40,000 x rad. of gyration? 
and for round ends, one-third of this amount. The value 
of radius of gyration squared for a beam of 9.6 in. section 
is 0.835. Substituting this in the equation, and taking 
length for ‘braces 260in. (inasmuch as the connexion at 
centre is very imperfect), we should have 13,3001b. per 
square inch as the breaking resistance of one 6in. beam 
having square end bearings and a length of 21ft.8in. If 
it be assumed, that owing to imperfect end bearings, these 
braces had virtually round ends, the breaking resistance, 
4433 lb., would be below all but the two centre sets in the 
bridge. The structure never would have even carried its 
own weight for a single day. But the facts disprove this 
assumption, and, unfortunately, we have nothing to guide 
us in deciding upon any figure een these limits. Again, 
in the top chord it is impossible to say what effect the 
attachment of the beams to each other, and of the floor 
connexion was in increasing the resistance over what the 
—— beams would give by the formula. It is cer- 
tain that the top chords in the centre panels must have 








been strained up to 87001b. per square inch thousands of | pa) 


times without giving any perceptible signs of weakness, 
while failure finally took place in the strongest part of the 
chord, probably from a defective detail. It would appear, 
therefore, that in these members, the strains were in excess 
of good practice, and they had never shown any evidence 
of weakness. Of the braces, it will not be ible to speak 
so confidently. There can be little doubt but that the end 
panel stood firm until the destruction of the next panel. 
These braces were strengthened, however, by the gaspipe 
struts to a much greater extent than any of the others, 
and of these, all we shall ever probably know, is that the 
strain per square inch on the beams where failure began 
was less than at any other set except near the middle. 

3. The most Important Lessons to be learned from the 
Event.—First. e inspection must have been faulty. 
If any one of the well-known bridge engineers of to-day 
asked to examine that structure he would have 
pr d it fe, for the principal reason that all the 
compression members were liable to fail by flexure. 








~~ 


Wh: 
then, was not such inspection resorted to in time? The 


answer is, that the management of not one road in fifty 





was aware of the necessity of incurring such an expense. 





Second. A careful study of the behaviour of the com- 
pression members of this bridge must im: us with the 
necessity of more perfect experimental Enowtshes of the 
stre of iron in the form of struts. Almost the only 
information we now haveis crystallised in that somewhat 
flexible oa known as Gordon’s formula, and we 
have seen how difficult it has been to extract any comfort 
from it on this occasion. The thanks of the profession are 
due to Lg gee Grant for his special efforts to induce 


Congress 8 the is of the United States 
Commission to test Iron and Stoel. ” 


. The failure of some of the coatings conveys & 
useful lesson in Sree Sake taverns e use of cast 
iron. Care should always be taken not to pass abr 
from a large to small mass, else the strains from 

will surely vitiate the strength of the connexion. The 
air-holes found under almost every break are but the 
ee ¢ unequal cooling in the main body of the block 
and the lug. 

Fourth. In conclusion, it may with safety be said that 
the Ashtabula Bridge was an exceptional structure, both 
in its design and execution, and the reputation of 
American engineers and bridge constructors of to-day can- 
not in the least be affected by its failure when all the facts 
are kno Neither should it be assumed that ht 
iron, a8 a material for construction, has shown — by 


ety ee 
can be found in the broken ents a 

any internal or structural change in the fibre by reason of 
the excessive strain to which the iron had been so f: 
quently subjected. But the fact exists, that the inherent 
weakness of this bridge had escaped the notice of a regular 
inspection which was ieved to be adequate, 
and the result undoubtedly points to the immediate neces- 
sity of a radical change in a system which has shown itself 
to be utterly unequal to the requirements of the age. What 
the nature of that change be, is a subject demanding 


the most careful consideration. 
FOREIGN AND COLONIAL NOTES. 

Argentine Railways.—Atthe t of January, 
1877, there were 1 miles of railway in the Argentine 
Republic. The longest of the Argentine lines—that from 
Cordoba to Tucuman—is on the metre gauge. Most of 
the other Argentine lines have a 5ft. 6in. gauge. The 
only railway in the Sapetiee Republic, with a double 
ine of rails, is the Northern of Buenos Ayres, and that 
is double-railed for only one-third of its whole length. 


Great Northern Telegraph Conpany.—The number of .. 








| despatches transmitted by the Great 


orthern Tel h 
Company in the first three months of this year was 149,322, 
as com’ with 145,330 in the corresponding period of 
1876. The revenue acquired by the. company in the first 
three months of this year was 41,5581., as compared with 
38,0011. in the corresponding period of 1876, showing an 
increase of 35571. this year. ari 
Western Union ee ay Company.—The total number 
of telegrams forwarded by this ay 9! last year was 
19,446,697, as compared with 17,966,479 in 1875, showing 
an increase of 1,480,218 m despatched in 1876. In 
Jan , 1876, the company 6759 offices ; in January, 
1877, the corresponding total had risen to 7252 offices, so 
that 493 offices were opened last year. In January, 1876, 
the company had 182,102 miles of wire; in January, 1877, 
the corresponding total had risen to 191,449 miles, showing 
an increase of 9847 miles last year. 


The Belgian Iron Trade.—Prices remain at a very low 
point in this trade; but the markets have, nevertheless, a 
tendency to become rather less heavy. There has been 
rather more business passing, especially in T-iron and mer- 
chants’ iron, but along time must elapse before the produc- 
tion of the works is fully engaged. Reductions of wages 
are being attempted, and in some cases with success. 


Belgian Steel Rails.—The John Cockerill Com 
obtained an order for 5000 tons of steel rails to be 
to a Spanish line. 


Locomotives on the Chicago and Alton. ~-At the close of 
1876 the Chicago and Alton. Railroad Company 
156 locomotives upon its lines ; of these 147 are constracted 
for burning coal, and nine for burning wood. Some 48 of 
the engines are equipped with the Westinghouse automatic 
air brake and nine with the same description of air brakes 
applicable to the driving wheels. . 


Southern Pacific Railroad.—The track of the Southern 
Pacific Railroad is being — laid across what is known 
as the Colorado desert. The terminal dept is at Dos 
ma, near which point an artesian well 300 ft. deep has 
been sunk, which yields a copious supply of good water. 
A second well has also been sunk 20 miles nearer to the 
Colorado with similar results. ‘This is of the first im- 
portance, as it solves the problem of railroad con- 
—* and working across an arid desert 100 miles in 
e ‘ 


Antipodean Telegraphy.—A conference of representa- 
tives of the various Australasian colonies has assembled at 
Sydney to discuss the question of the duplication of sub- 
marine te ph cable communication between Australasia 
and . ‘The conference does not appear, however, 
to have been attended with any practical result. It is not 
improbable, however, that an hg em may be come 
to between New South Wales,. Victoria, and South 
Australia, for the duplication of the line from Si 

to Port Darwin, those colonies undertaking the = on 
their own account. 


Taranaki oe. Iron Sand,—The iron sand of Taranaki 
(New Zealand) is found to take en ish, It seems, 
indeed, to be specially adapted for cu , closely re- 
sembling Mushet’s titanic steel. 
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AUSTRALIAN TELEGRAPHY.—The gross number of cable | 


amen forwarded by all the Australian colonies in 1876 | traffic 38,4187._ The P, 


» while 3386 were received; the whole number | rap’ 
transnutted was—owing to interruptions to the communica- 
tion—3340 less than in 1875. The value of the received 


to August 6. 


ted from March 28 to 
Darwin and dendoousnale cable was silent from April 24 


traffic in 1876 was 96,9781. ; and that of the forwarded! Inp1an CANALS.—The Anglo-Indian Government con- 
and canals. This 


cable was_inter- 


ovember 30, while the Port 









templates an expenditure of 900,000/. on 
| supeoditare will be spread over thirteen canals. The largest 
Sirhind canal, 140,000/.; Lower 


items the followi 
Guages ennai , 170, O00. 5 ; and Sone canal, 191,0002. 
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THE STRENGTH OF PLATE IRON. 
Plate Iron and its Fibre considered in Connexion with 
its Tensile Strength. 

By Chief Engineer Wm. H. Sock, U.S. Navy. 
HE examination of plate-iron fibre and its rela- 
tion to tensile strength, under varied conditions, 
has occupied much of my time, and in pursuin 
investigation I have conducted a very extended and 
interesting series of experimental tests with boiler 
plate of different makes and qualities, cut from the 
sheets in all directions, but more especially with 
reference to the relative tensile strength of specimens 
taken from the same sheet parallel with and at right 
angles to the line of revolution of rolls. 
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Specimens cut crosswise 0f chert 
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Specimens cut lengthwise of sheet. 


mfr] eo] Jr] Yr] 








Specimens ad avsavise of sheet 








Specimens Cut Crosswise of Sheet. 








Number of specimen 3. | 2. | 1, 
Specific gravity 7.798 7.785 7.788 
Breaking weight .., --| 54220.1 | 549788) 500445 














Average breaking weight of specimens cut crosswise of 
sheet, 53081.1 Ib. per square inch. 


Specimens Cut Lengthwise of Sheet. 

















Number of 

sete 4 5. | 6. 7. 8. 9. 
Specific 

Pravity | 7774 | 7.905 | 7.789 | 7.788] 7.797 | 7.797 
Breaking 2/ 55601.8| 44642,8| 57040,8| 55263.7| 59509.0| 50010,1 
weight | 











Average breaking weight of : ores cut lengthwise of 
sheet, 53681.3 lb. per square inch. 


Specimens Cut Crosswise of Sheet. 
| 





Number of specimen o | 10. 11. 12. 





7.778 
51433.5 


7.776 7.760 


52692.1 | 60074.3 


Specific gravity 
Breaking weight .., 











Average breaking weight of s 
sheet, 54733.3 lb. per square inc 


It was thought that a sufficient amount of reliable 
data would be obtained upon which to base a Jaw of 
relative tensile strength between metal of the same 
sheet when used with, and across the supposed line of 
fibre (“ grain”), but in this I was disappointed, the 
almost total want of uniformity in tensile strength 
in any one direction renders it impossible, and so 
far from the plates being uniformly stronger in 
direction parallel with the revolution of rolls than at 
right angles with or across the “grain,” the very 
Opposite frequently obtained. 

© accompanying sketch of a sheet is given, 
showing its outline and direction and points from 
which the ~ fra were taken; an examination 
of the Tables will show that the highest tensile 
strength developed in this sheet was in specimen 
No. 1] cut crosswise the sheet, in which case it 
reached 60074.3 lb. persquare inch, and the average 
of all the specimens from that end of the sheet was 


pomngee cut crosswise of 


the | grain”) 


It would seem yi evident from the above, that 
we (in America) have erred in assuming as a rule 
that ‘plate iron” has necessarily a higher tensile 
stre’ in direction of lines parallel with revolution 
of ‘ rolls” (with the ‘“‘ grain”) or lengthwise the 
sheet, than at right angles to them (‘across the 
in”), or crosswise the sheet, for such is not 


the case, the fibre (‘‘ grain”) does not lie uniformly 
lengthwise the sheet, nor, indeed, in any particular 
direction, as a rule. In the manufacture of Jar 
iron the metal never changes its direction between 
the rolls from lines parallel with their revolutions, 
and being confined in this direction by the forming 
grooves cannot spread, and in tls condition is 
subjected to two distinct pressures, one circum- 
ferential, i.ce., from circumference to centre, the 
other longitudinal, i.e., to lengthen the bar, hence its 
fibre parallel with axis of bar. In the manufacture of 
late iron the conditions are changed. The bloom 
ving been prepared with certain proportions of 
length, breadth, and thickness, and in weight 


depending upon the size of the plate to be made 
Fig 4. 


of multiplex telegraphy. He proposes, in applying 
his invention to telegraphy, to supersede the Morse 
alphabet of single signals in a certain order for each 
letter by employing tones of different pitch for the 
letters. These tones could be produced more rapidly 
in succession than f 997 or impressed marks, and 
their duration would be shorter than the time now 
uired to make them. If the Morse code were 

used dots could be represented by one tone and 
dashes by another. But, discarding the Morse eode, 
signals could be produced by various combinations 
of elementary tones which could scon be understood 
by the es who, distinguishing them by his 
ear, would have his eyes and hands free to write 
the message down. 

_In subsequent English patents, however (No. 
974 of 1875 and No. 1874 of 1876), Mr. Gray de- 
scribes the application of his telephone to multiplex 
telegraphy, and the use of the ordin: Morse re- 
ceiving instrument actuated by a local battery in 
conjunction with it. Fig. 4 represents the sending 
apparatus of one of his methods which is based upon 

















(almost invariably too light), is brought from the 
furnace and placed between the rolls, and under 
great pressure welds, flattens, lengthens, and spreads 
in all directions, from centre to edges, and is fre- 
quently passed through the rolls diagonally, therefore 
@ priori the absence of fibre (‘‘ grain”) uniformly 
in any one direction. 

In this connexion, but not perhaps strictly ger- 
mane to the subject under consideration, 1 would 
suggest, as the result of my examination, the possi- 
bility that some of the disastrous boiler explosions 
may be due to the weakness of the marginal or Jap 
surfaces of the plates, in consequence of the blooms 
being so near the exact weight required in the sheet, 
as not to allow a sufficient amount to be trimmed 
from the edges to insure the rivet’ holes being 
punched or drilled in thoroughly welded portions of 
the plates. 





TELEPHONIC TELEGRAPHY.* 
II. Gray’s System. 

Mr. ExisHa Gray, of Chicago, is the other chief 
worker in this field of telegraphy. In 1874, a few 
months before M. Lacour, he apey: an English 
patent (No. 2646) for a method of transmitting 
musical tones of any desired pitch, by means of an 
electrical circuit, in which a series of electric im- 
pulses corresponding in number to the number of 
vibrations forming the tone were caused to pass, 
The succession of currents could be created by the 
use of an induction coil in which a current in the 
primary coil, interrupted by a vibrating electro- 
tome or contact-breaker, would set up a series of 
induced impulses of high potential in the secondary 
coil. These induced impulses would be caused to 
traverse the line and give out a note corresponding 
to their rate of succession by actuating a coil of 
wire enclosing a core of soft iron, as in Varley’s 
system, or by passing through living tissue in con- 
tact with any resonant body. Apart from the 
details of the mechanism this last is the especial 
novelty of this patent, and we believe the curious 
fact has not yet been explained. It means that if 
@ person places himself in the secondary circuit and 
brings his hand or any other part of his body in 
contact with any resonant conductor of electricity, 
so that the circuit is completed through it, and the 
impulses flow from his flesh to the body, these im- 
pulses will produce a corresponding number of 
vibrations in the body, and if of sufficient rate and 
intensity a musical note will be the result, of a 
quality depending on the nature of the resonant 
substance, but of the same pitch as that produced 
by the vibrations of the vibrating circuit-breaker at 
the sending end. This resonant. body may be a 
thin metallic cylinder, or a plate of metal stretched 
above the box of a violin by metallic strings, a sheet 


a 5 ag cd convenient resonator for this purpose. 
this early patent of Gray no mention is made 








54733.3 Ib. per square inch. 








the law that every vibrating string or bar of definite 
length, breadth, thickness, and tension has a certain 
definite rate of vibration per second at which it will 
always vibrate, producing a certain definite musical 
note called the fendaniental of that string or. bar. 
A is a thin bar of steel which can be stretched at 
will by the screw S. It is supported by the bar B 
which in turn is supported by De P P carrying 
in a frame the electro-magnets MM. These electro- 
magnets have their poles through the bar B, so as 
to be underneath the steel bar A ; ¢ is an adjustable 
contact over the bar A, and d is one just under it. 
The bar is free to vibrate between these two con- 
tacts.. By means of the local battery and key Ka 
circuit is established through the contact ¢, the bar 
A, the wire F, and the electro-magnetsM M. These 
electro-magnets then attract the bar A and pull it 
away from the contact c. This breaks the circuit, 
the electro-magnets are unmade, and the bar swings 
back again into contact with c, thus re-establishing 
the circuit with a like effect. In this way the bar 
is set and maintained in vibration as long as the key 
K is depressed. The bar thus vibrating is employed 
to interrupt the line circuit which is completed by 
the sending battery, the under contact d, the bar A, 
the line and apparatus at the distant station, and the 
earth. Each vibration of the bar A brings it into 
contact with d, and thus the line current is inter- 

rupted as often as the bar vibrates, that is to say as 
often as there are vibrations in its fundamental tone. 
K is to be regarded as the signalling key, which on 
being depressed starts the rod vibrating, thereby 
closing the line circuit and sending an intermittent 

current to the distant station, ; 

The receiving instrument at the distant station is 

similar to the transmitter. The line current, Fig. 5, 


Line. 
poeal Cres 
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YEarth 
passes through the electro-magnet M M to earth, 
and by actuating the magnet sets the bar A in 
vibration ; this bar being adjusted by dimensions 
and tension to give out’ the same fundamental as the 
other, The bar thus setin vibration can, therefore, 
be made to yield an audible note of the same pitch as 
the other, or it can be made to close, by impinging on 
the contact c, a local circuit in which is an ordinary 


: F lectro-magnetic or other recording instrument or 
of paper foil stretched over a metal ring, or other | © 4 sae Re peer 
similar contrivance, We shall presently describe tax 6 As the interraptions in the local cireuit are 

so short as not to permit the demagnetisation of the 


magnet because of the ‘magnetic inertia,” the 
armature will not be released, and the currents will 





* For preceding article see page 299 ante. 





operate as if they were continuous. 
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A number of these transmitting instruments may, 
of course, be connected together at the sending 
station, each with its corresponding receiving in- 
strument at the other stetion. Thus a number of 
distinct messages may be simultaneously sent on 
one wire, and each recorded by the harmonic 
receiver in unison with the particular transmitter 
by which it was sent. ‘‘ There may be as many 
transmitting instruments and independent local 
circuits as there are tones and semi-tones in two or 
more octaves, and each vibrating bar may be tuned 
to different notes on the scale. The instruments 
may be placed side by side, and their respective 
local keys are fon ch like the keys of a piano, so 
that a tune consisting of notes and chords can 
be easily played, or the transmitting instruments 
may be separated at any distance from each other. 
At the receiving station there will be a correspond- 
ing number of instruments, and they may be side 
by side, or also separated from each other by any 

ce.” 


Instead of receiving the vibrations on electro- 
magnets as has been described, they may be re- 
ceived as before mentioned on a vibrating metal 
plate suspended over a violin, and by the use of 
resonators or organ pipes, each tuned to a certain 


fundamental, any desired simple tone may be 
selected from the clang or compound tone produced 
in the plate. 

Another of Gray’s methods for transmitting is 
shown in Fig. 6. It consists of a vibrating reed R 


i bined 
y- renee 








tuned to give out a certain determinate note, and 
fixed so as to vibrate between the poles of two 
electro-magnets M M', which can be adjusted to or 
from the reed by the milled-headed screws S S', The 
reed is armed with two springs fitted with platinum 
points so as to make contact with the points of two 
adjustable screws aé alternately when it vibrates. This 
reed is started into vibration by a jar or pull, and 
maintained in steady action by means of the 
‘magnet battery” in the following manner. The 
cirouit of the magnet battery is, as will be seen 
from the diagram, — through both the 
electro-magnets M M'. ey therefore counteract 
each other's effect on the‘reed so long as it is at 
rest. But when the reed is sprung its oscillations 
alternately close and open the spring contact at 3. 
Every time this contact is closed the electro-magnet 
M? is cut out of circuit, and this leaves M to operate 
on the reed singly and pull it towards itself, This 
slight magnetic pull assists the reed in its vibration, 
the contact at 4 is again opened, and the electro- 
magnet M thrown into circuit; but only to be again 
cut out when the reed, in continuing its vibrations, 
again makes contact with 4. 


Earth d 


~« Line 
‘ 








Aaa y 


The reed thus maintained in steacy vibration is 
—- to interrupt the line circuit by means of 
the other spring a. The sending battery, signalling 
key, and line are connected together through the 
spring contact 4. Whenever the signalling key is 
depressed a current flows into the line, but it is 
rendered intermittent by the interruptions of the 
cirouit caused by the vibrating reed. ‘These inter- 
ruptions, of course, correspond to the rate of vibra- 
tion of the reed, and the current will, when properly 
utilised, give out on the receiving instrument at the 
other end of the line the same note as the reed. 

Fig. 7 is a very simple electro-magnetic reveiving 
instrument which yields distinctly audible notes, It 





consists of a double electro-magnet M fixed upon 
a wooden resonance pipe closed at one end and open 
at the other. The armature of the electro-magnet 
is a steel tongue ¢ T, having one end rigidly fixed 
to one pole of the magnet, the other end being free 
to vibrate close under the other pole. When the 
intermittent current from the line is through 
this electro-magnet to earth, the free end of the ~ * 
is alternately pulled towards the magnet then libe- 
rated. In this way it vibrates to the current. This 
tongue is tuned to give the same fundamental as 
the resonance box which is tuned to produce the 
maximum resonance of the desired tone. Conse- 
quently when the tongue vibrates, its fundamental 
tone is intensified by the resonance box, according to 
a well-known law of acoustics. A transmitted toné 
will be sounded on the box, provided it correspond 
with the tone of the box, otherwise the note will 
not be heard. In this way this receiver acts as an 
analyser of the currents transmitted, and becomes 
available for multiplex sending. For should a 
number of transmitters similar to Fig. 6, but each 
vibrating a different note, be joined up in circuit 
and operated upon, and should each have a corre- 
sponding analyser at the receiving station tuned in 
unison with it, then the complex current resulting 
in the line will be sifted by the analysers, and each 
of them will respond to its own proper set of vibra- 
tions. 

This analyser is also employed to close a local 
circuit and work a Morse or other recording in- 
strument, by mounting a diaphragm of parchment 
or “ gold-beater’s skin” in front of the cavity of the 
resonance box, and fixing on it a platinum contact 
which will impinge upon another spring or bar con- 
tact when the diaphragm is thrown into vibration 
by the air column in the box. 

The physiological receiver of Gray is the most 
interesting of all, because the most curious. It is 
represented in Fig. 8. The intermittent current 
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from the line is there shown passing to earth through 
the primary of a small induction coil, while the 
secondary is led to the receiver. The induction coil 
is not an essential but is advantageous in intensifying 
the current. S is an iron stand bifurcated into two 
bearings a, in which works an axle A. The bearings 
are insulated from the rest of the stand by an in- 
serted piece of ebonite ¢. The axle is turned by an 
ebonite handle E, and carries a hollow resonance 
box B of hard wood, with a bulging face of sheet 
zinc 6 having an airhole at 4. This face is con- 
nected by a wire w through the interior of the box, 
to the axle. One wire of the secondary coil is con- 
nected to the axle and in that way to the zinc face 
of the box. The other wire is held in the operator's 
hand. Then, whilst one finger of that hand is 
pressed lightly and dryly on the face of the zinc, 
the box is gently turned by the other hand. The 

of the current from the finger to the con- 
ducting face of the resonance box causes the box to 
give out the note corresponding to that current, 
When no current is being sent, one hears only the 
dry friction of the finger on the zinc, but the in- 
stant a current arrives a distinct musical note strikes 
the ear and continues as long as the current con- 


tinues. It is not easy to see —. the turning of the 
box should improve the sound, but it undoubtedly 
does so. 


We learn from America that Mr. Gray’s apparatus 
has been successfully operated on the lines of the 
Western Union Telegraph Company from Boston 
to New York and other places — distances of several 
hundred miles—and we are even told that as many 
as four messages have been successfully transmitted 
by it over 2400 miles of that company’s lines. M. 
La Cour, too, is still engaged in perfecting his 
system, and we may fully expect that the telephone 
will ere long do good service as a practical tele- 





graph. 
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Practical Treatise on the Construction of Iron Highway 
Bridges for the Use of Town Committees. Together 
with a Short Essay wpon the Application of the Prin- 
ciples of the Lever to a Ready A sis of the Strains 
upon the more Customary Forms of Beams and Trusses. 
By Autrrep P. Botuzr, A.M., Memb. Amer. Soc. 
C.E. New York: J. Wiley and Sons; London: 
Triibner and Co. 

Mr. Bo.er divides his work into two parts, of which 

he remarks in his preface that the first ‘‘ is peculiarly 

‘¢ intended to present to public committees entrusted 

‘¢ with the letting of bridge contracts such informa- 

‘* tion as they ought to possess,” while the second 

‘is offered as an aid to engineers not experts in 

‘‘ this branch of the profession, and yet who are 

‘¢ often called upon to act as inspectors.” It will 

be seen from these remarks that the work takes up 

ground at present but little occupied, and in fact 
the only book with which we can fairly com- 

eit is Mr. Ewing Matheson’s useful ‘* Works 
in Iron,” the second edition of which was lately re- 
viewed in our pages. 

Mr. Boller first deals with factors of safety and 
loads on bridges, and as regards the former, 
he sensibly advocates the adoption of a higher 
factor for short than for long spans, on account 
of short bridges being more frequently fully 
loaded. In the United States he remarks that 
short span bridges are seldom built heavy enough, 
while on the other hand a number of bridges 
of 150 ft. span and upwards are excessively 
strong. As a guide as regards loads our author 
gives a Table containing the recommendations of a 
committee who reported to the American Society of 
Civil Engineers, and this Table, in which bridges 
are divided into three classes, we reproduce below : 
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As regards the floors, Mr. Boller considers that 
in bridges of the first class they should be calculated 
for carrying a load of from 4 to 5 tons, in the second 
class from 3 to 4 tons, and in ordinary country 
bridges from 2 to 3 tons on a single pair of wheels. 
If the possible loads be assumed at these high values, 
a factor of safety of four will, he considers, be 
sufficient. 

Proceeding next toa consideration of the materials 
of construction, Mr. Boller deals successively with 
wrought and cast iron and timber, and gives some 
good hints for the choice of the latter. Next we have 
a brief account of the chief forms of bridge trusses, 
and then the author proceeds to treat of methods 
of construction, first comparing rivetted bridges 
with those having pin connexions, Mr. Boller con- 
demns rivetted bridges as usually made in the 
United States, but admits that this system of con- 
struction as developed in Europe occupies a dif- 
ferent position. On the whole, however, he appears 
to prefer the ‘‘ pin connexion,” and he directs at- 
tention to the points which must be well considered 
to obtain the full benefit of this system. In par- 
ticular he observes that until of late pins have 
generally been made too small, and he justly com- 
ments upon the small amount of attention which has 
been given to the subject, Remarking that the 
somewhat crude results obtained by Sir Charles Fox 
many years ago have been ag 8 hogy by the 
more recent experiments of Mr, keley, he pro- 
ceeds to direct attention to the theoretical investi- 
gations of Mr. Charles Bender, ey ee which, 
as he says, ‘‘show the fallacy of deriving rules 
“* from bars having a uniform ratio of width to thick- 
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‘‘ ness or on pins only exposed to direct shearing | determined with instruments of greater precision, | is extended from the end of 1872 to the end of 1875, 
‘¢ action.” For flat bars Mr. Boller recommends|and new modes of treatment introdu by the | a period during which some important improvements 
pins having a diameter not less than four-fifths of | ablest expositors of the subject. The student of | were effected. As i of the Clyde Naviga- 
the width of the bar, while for connecting square | science is now-a-days expected to get up a fair|tion, Mr. Deas has good opportunities for 
bars, he says that the diameter should not be less | knowledge of the more important of these methods | tracing out the history of the river improvement 
than 1} times the side of the square. Asregards/and of the latest phases of theories generally| works, and the account he gives of these improve- 
the proportions of the heads of eye-bars, he ob-|admitted by the best authorities. The pa ments from the first crude efforts in 1556 to the 
serves that further experimental investigation is} made during the last fifteen years in the several de- | present day is of exceptional interest, Equally in- 
still wanting, but he says, ‘‘ so far as experience has | partments of theory and practice may not be —_ teresting, in another sense, are the valuable statistics 
‘‘ gone, it points to a proportion in the case of flat | to the vast amount of intellectual energy expended ; | which he gives as to the cost of dredging and other 
‘* bars of about 50 per cent. of metal ‘rough the pin | that was not to be expected ; yet, withal, we must | expenditure, together with details of revenue, and 
‘‘in excess of that through the body of the bar, and | admit that the recent advances have been very im- | altogether the volume under notice forms a valuable 
‘* in front of the pin about the same as is contained | portant and many-sided. record of im t works which ought to have a 
‘‘ in the body of the bar.” The proper proportions| To co-ordinate these and select what should be| place in the libraries of all engineers interested in 
of the ends of eye-bars are, however, as he points | incorporated in a text-book implies not only fami- | river improvements. 
out, dependent upon the mode of manufacture of | liarity with the subject, but also eclectic qualities 
such ends, ‘The “‘screw-ends” sometimes used for|of no ordinary kind. In these various qualifica- 
ties our author does not appear to approve of, partly | tions, Mr. Loewy seems to us by no meansdeficient.| THE PENNSYLVANIA RAILROAD, 
on account of the facilities they afford for inaccurate | Fully cognisant of the attention which the pheno-| No. XIX.—Tue ALToona SHOPS— (continued). 
adjustment and partly for other reasons. mena of heat have lately received and the con-| , my, Whe Toundes,Tttia tt a net eka 
Mr. Boller next treats of compression members, | sequent development of several of its branches, important addition to the Altoona Works. It in 
and speaks of the different modes of constructing | he almost forgets that his primitive intention was| , wing of the main building, as will be ail 
them, and of the modes of connecting them with the} to bring out a new edition of a standard work.|¢. once to the plan. and ay beick siructere clr 
other s of a bridge, and he then passes on to| As left by Dr. Lardner, the treatise on heat did| oof trusses of wrou: htiron: the roof. covering is of 
deal with the construction of bridge floorings. In| not extend over 170 pages; as it now issues from] .j.4, The main m - of the foun dry, whi me 
treating of this section of his subject, our author} thepen of Mr. Loewy, it forms a bulky volume of | 199 ¢ § in. Jon 71 ft. Gin. and 36 ft. hi gh 
first describes the plank floor so largely used in| 450 pages. A comparison of the two texts shows | (ontains the mou din, floor. It is lighted b Geven 
American bridges, and gives tables of dimensions of | that but little of the original has been retained, windows each 9] ft. high paw 8 ft. wide pages pad 
the — parts, and he then proceeds to speak | there being over 300 pages of entirely new matter. by a raised skylight containing sixty sashes. Ven- 
briefly of iron-plate floors of different types, and of| The work is divided into three books, which treat] siistion is obtained b ane rm ke raised sides of 
some forms of iron beam bridges suitable for short | respectively (1) of the general effects of heat upon | +), skylight. On plhengt s of this moulding floor are 
opens. / bodies; (2) of the propagation of heat and its! pisced the cupola chamber, 29 ft. by 40 ft., the 
Our author next speaks briefly of the width of| nature; and (3) of the various applications of the engine-house, 30 ft. by 30 %,, the boiler houts 30ft. 
roadways and side walks, and of the weight of | effects of heat, Each of these groups of subjects | ,, 15 ft nledee a end ovens of the come & 
materials, and of, the maintenance of ironwork, and| receives ample attention, and in some cases there ue Mr sag The operations of enneslin and finishing 
he then proceeds to treat of that broad subject for | is even a superfluity of detail. ‘The style is always) 11. wheels are aomal in a wing of the foundry. 
discussion, the architecture of bridge building, his|clearand precise. It is, no doubt, to his professorial 94ft. long and Ay wide. The el éiniemianiaamah 
remarks under this head being sensible and to the | experience the editor owes that felicity of expression | ;, Sees the plan, and Fi ite 0 18 show details of 
oint. The next section deals with testing, and | which a instruction without leaving any| ,onstruction ay er vlomal in noticing the 
ere we find Mr. Boller advocating the testing of | cloudiness or lurking doubts behind. This is an in-| 114i, foundry vefemued to the blowin pom re the 
individual portions of a bridge during the process | valuable feature, and one that strongly recommends | }, 3,aulic machinery, the vertical ¢ g eter dotving 
of manufacture, the strain applied, however, should | this new edition to science students. ‘he meshin page Stern sho ana the boil 
not, he considers, exceed about nine-tenths of the} Another recommendable feature is the introduc-| 014 we pore | not therefore Py deseitie Pg 
elastic limit. In testing completed structures our | tion of a series of typical questions, forming with |, wheel foundry ié-faralehed with thixtesn bv. 
author recommends that the test load should be ap- | their solutions one of the longest chapters of Book L. | 9. wiic cranes arranged as shown in the plan of the 
plied twice, the deflection under each application | There is no better test of the Lioulelas of principles | sop. The ordinary working pressure for Fae pontine 
being measured. than readiness in applying them and in accurately | ;, 450 Ib apes Ade y ba crane is free to swing 
Mr. Boller’s remarks on the letting of bridge| deducing results. ‘hese examples are therefore | ..+:00} and’ and controls a circle 18 ft: in diameter 
contracts, which come next, and bring the first part | particularly valuable for that class of students who| 4, will be ssen by-the deteila ther are unse sted 
of his work to a conclusion, are excellent, and|read for science examinations; indeed for them |); the tow bat wa well ssoured rf ates ae. 
deserve the attention of municipal bodies who may | such exercises are indispensable, as their success dent The ‘ib does not rise-and fall bet pom a 
have to give out such work. With a view of| must depend, in great measure, upon their skill ot the ead Ay sheave eves whit'a whe oe 
rendering his advice more readily applicable, the | in working out mathematico-physical problems. and is brought back to the centre of the an 
author includes in this section a stan specifica-| ~ It is questionable, however, whether the student | 1,004 it a citnaiael to thecal of the hadeaulie 
tion and form of invitation to tender, both of which | for whom this book is especially intended would be cylinder, the travel of which raises or o_o the 
are brief and explicit, and have been carefully | able to devote to the single subject of heat the time} ¥ oi o115’to be moved This portion of the plant 
drawn up. necessary to go through the whole range of its con- tery supplied by Menara. W. Poellers and Co. of 
Part II. of the book before us deals with the cal-| tents; and we believe that if the matter had been Philade ie ke deals of ‘18 ft. diameter which 
culations of the strains on trusses and simple girders, | compressed into smaller proportions it would have |... PA suecn of hades. aide to 
and contains also some rules for the strength of ma-| been all the more welcome and serviceable. This| 9:1, , for Aftess moulding Aacke for wheels 
terials. Amongst the latter are some relating to| might have been partly effected by the removal of a & ie 2 aleneter which is the feeaiest' cies’ ease 
timber beams, in which we think the strength of | large amount of tabulated data, which are very in- tee Penne Sennle, Railroad Com The pode. A 
large timber has been considerably over-estimated. | teresting in themselves, but seem an unnecessary ition of each mould enctnd the thee is masta’ 
This is an error which is common toa number of | encumbrance in an elementary text-book. an iron ring that forms a level seat for the flask 
rules for the strength of timber, these rules having} The manual is got up in excellent style, both rd that little time is lost in arsenaing the fasts 
for the most part been founded on the results ob-| with respect to letter-press and illustrations, and in taale-ahesen catia tasace Hd foe pout 
tained from test pieces of small dimensions, and | deserves to become a favourite with the students of | ; P i scar i 


. : : , ing. 
such test pieces generally having a strength ma-| physical science. ; 
terially exceeding that of timber of average quality — PR 0 andes aes = er 7 Sonne sacl 
roe — ye va ee that Mr. oe ‘ Advanced, Text-book of Geology, Descriptive and  In- | gauge tram grooves in which two-wheeled trucks are 
, e working loads for stringers of pine| dustrial. B AVID PaaeE, .D., F.G.8. . , : ; 
timber, which is sup to be founded on a factor | Eaition, revised aad e . London and Edinburgh : ame the flasks to their respective 


f safety of si i i W. Blackwood and Sons. [Price 7s. 6d.] ? : 
tached of rag seri on © larger sections give 8175 praise a book which has reached its sixth edition| In the foundry and immediately beneath the cu- 


selected wi ; : is an almost superfluous task, for the fact that the | polas A, Figs. 11, 13, is placed a large ladle B, hold- 
sound. With this exception we have ub" fault {| Work has been in such demand is of itself a fair|ing about 20,0001b, and mounted on trunnions. 
find with this section of Mr. Boller’s work. The|PT00f of its excellence. This being so we shall not This ladle is controlled by hydraulic power, and is 
calculation of strains in trusses he deals with |&ttempt a detailed review of Dr. Page's admirable} completely under the control of the workman. 
simply and clearly. Altogether, in fact, the work | text-book, but we shall merely state that the Troughs, C C, from the tapping holes of the —— 
we have been noticing is one calculated to be of |D¥merous additions made to the present edition condact the melted metal into it. It was found 
much service to the classes for whom it has| ave materially increased the value of the work, and advisable to employ a ladle of so large a a 
especially been written, and we can only hope that that the volume is one which we can confidently | because by doing so a more complete mixture 0: 
it may come extensively into their hands. We may | Tecommend to students of geology. _ | the different: irons is effected, than would be'the 


P . ifa's loyed. 
add, in conclusion, that the work has been carefully Chae eiywtantllan Venn wees omy 
got up, and that the engravings and typography | The River Clyde: An Historical Description of the Rise od die Seplonenienr Gny-eveniian res reer og 
are alike excellent. and Progress of the Harbour of Glasgow, and of the ; “ tt. 6i h i 

ag eg lee ah tr ow to Port-Glasgow. | measuring 7 ft. 6in. by 3 6 in, at the boshes, 
Dionysrus| By James Deas, M. Inst. C.E. Glasgow: James and 8 ft. 6 in. b 4 ft. 6 in. at the largest part; the 
Sy" Setatee ose ; London: Macmillan and Co. 10s. 6d.]| distance from the tuyeres to the charging level is 
_Lorwy. London : Crosby Lockwood and bo. [Price 6s.]| The volume before us consists for the main ys of |9 ft, 6in. These tuyeres form a continuous open- 
Since the publication of the Handbook of Philo-| the able paper on ‘The River Clyde” read by Mr.|ing 1} in. wide, and extend round the — 
sophy, by Dr. Lardner, many important investiga-| Deas before the Institution of Civil Engineers in | at a height of 8 in. above the floor, when the latter 
tions have been made, especially in the domain of | 1873, and of an abstract of the discussion on that|is ready for charging. ‘No flux is employed in 
heat, Theories which were then only on trial have paper, there being appended, however, a supplement | melting the charges, and no provision is made for 
since been adopted, fundamental data have been re-|in which the history of the river and harbour works| tapping the slag. The average quantity of metal 
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that can be run from each of these cupolas, before | 
the tuyeres become so clo as to impair the | 
working, is 65,000 lb. It is true that a larger quan- 
tity than this can be run off ina single heat, but it | 
is found that so large a charge does not produce | 
metal of a quality sufficiently good to fulfil the re- | 
quirements for cast wheels. 

Tn one corner of the cupola chamber is a small | 
furnace having a ity of 2000 lb. This is used 
entirely for rimental purposes, for melting 
sample irons, and for trying the results of different 
mixtures, a very n process in wheel castings, 
where marked differences exist in pig irons of the 
same brands. 
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The charging stage of the cupola is placed 15 ft. 
6 in. shove the floor level, an is Selmal of iron 
var The es are raised to the stage by an 

ydraulic lift. e charging room is 14 ft. high, of 
the same size as the cupola house, and it is well 
lighted from above. 

The core ovens are placed at the end of the core 
room, between the latter and the foundry, and they 
are so arranged that the cores can be placed in the 
ovens from the core room and taken out direct into 
the foundry, so that the handling of the cores is 
reduced as far as possible. The annealing room D, 
Figs. 12, 13, contains 44 pits, E E, arranged in one 
wing of the building. ey are disposed in two 





concentric circles, the outer ring containing 24 and 
the inner 20 pits. In the centre is placed a hydraulic 
crane, F, arranged like those in the foundry and 
made to revolve also by hydraulic power. The pits 
are cylindrical and are e of sheet iron lined with 
firebrick, Outside they are surrounded with a bed 
of dry sand. Each pit has a capacity of twenty 
wheels. ‘The details of the annealing pits are 
shown in Figs. 14 to 18. : " 
Adjoining the annealing chamber is the cleaning 
andi ting shop G, where the wheels are stripped 
of sand that may adhere to them, the cores are 
broken out, and the wheels are tested by being 


struck with a hammer. The floor of the room is 
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above the ground level, being raised to the average 
height of the freight-car platforms for convenience 
of loading. The cleaning room is paved with oak 
blocks laid with the grain on end. At one end of 
this department is an hydraulic drop weighing 
1200 lb., and having a fall of 13 ft. With this, 
wheels that have failed to pass the test, or which 
have been worn out in service, are broken up prior 
to being remelted in the cupola, 

A tramway, 2 ft. gauge, is laid down throughout 
the foundry, yards, &c., for convenience of shifting 
materials. 

The number of men employed in the wheel 
foundry during last year averaged 109 ; of these, 
there were 13 moulders, 2 core mouiders, 2 me- 
chanics, 75 labourers, including those employed at 





the cupolas, 2 clerks, 1 foreman, and 1 assistant 
The average daily work performed com- 





foreman, 
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prises the melting of 112,0001b. of iron and the 
casting of 190 car wheels, A brief description of 
the process of manufacturing these wheels will be 
found of interest. The operation'of preparing the 
cupolas for the day’s work is commenced at 4.30 A.M. 
The metal spilt and dropped from the previous day 
is collected, and the slag and other accumulations 
around the tuyeres are removed. At the same 
time the inside of the cupola is trimmed with a 
mixture of fireclay and refractory sand. A bed of 
sand 3 in. thick is Jaid over the cupola bottom, and 
well rammed until it is level and very compact, The 
fires are then lighted, and the cupolas are ready for 
charging three hours after work has commenced. 
The details of charging — ss and each 
day’s work is laid out by the foreman, who pre 
a list of the varieties of irons to be used and the 
order of charging them into the furnace. The 
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of the charge and ing them 
Toto the cupola, and pp item - 
tend the operation of weighing, to 
check the weights and a 
placed on the scale. With a full charge 
we ere turned on ee first cu- 
pola ai -past ten in the morning, 
and into the second an hour later. The 
charge of 56,000 lb. will be melted 
in about four hours and a half, and 
the day’s work is completed between 
five and six in the evening. Consider- 
able attention has to be paid to the 
management of the blast, for the 
chilling qualities of the whole mix- 
ture are seriously modified by raising 
or lowering the blast pressure, which 
i erally nap between seven and 
eight-tenths of an inch of mercury, 
or 5$ oz, per square inch, If on 
testing it is found that the mixture 
does not chill sufficiently with this 
pressure it is at once raised, and on 
the other hand it is lowered if it be 
found that there is a tendency to too 
strong a chill, The quality of the 
charge is tested by running blocks 
ljin. by 3in. by 6in. in a mould, 
one side of which is of iron to pro- 
duce a chill, These samples are 
run every time the cupola is tapped, 
and they are broken to ascertain the 
chilling qualities as soon as they are 
sufficiently cold. By this means the 
quality of the chill is closely observed, 
and the blast is varied according to 
the indications afforded by the test 
pieces, Lumps of charcoal are placed 
in the large e before the metal is 
run off from the cupolas, and after 
it has remained in the former for 
some little time, small ladles holding 
each 700 lb. and mounted on two-wheeled trucks 
are filled from it, and taken off to the moulds, 

The fuel and the iron used in the cupolas is 
handled by a gang of ten men, who commence 
work at 6 A.M., and bring the loads to the charging 
floor for the day’s work; by this arrangement 
they do not interfere in any way with the 
charging gang. The work of moulding, of in- 
specting castings, and the general foundry work, 
does not commence till 7 A.M. In the cleaning and 
inspecting room there are generally sufficient wheels 
upon the floor for the day’s work, which includes 
cleaning, testing, ree the wheels, and loading 
them upon the cars, ith the greatest care in 
manufacture, there is often considerable variation 
in the diameter of the wheels, even when cast in the 
same chill, this variation amounting sometimes to 
half an inch. Pairing them is therefore a necessary 
operation, and they are carefully measured with a 
brass tape, and the diameters are stencilled upon 
the plate of the wheel, While this is being done, 
that group of annealing pits containing one day’s 
turn-out of wheels, and which have been in the pits 
a sufficient time, is being emptied, and the contents 
are brought on ito the cleaning floor. ‘Three men 
are employed to remove 195 wheels from the pits 
per day and place them in the cleaning room. It 
may be mentioned that when the wheels are re- 
moved from the pits after having been in them four 
or five days, they are still hot enough to ignite 
pieces of wood brought into contact with them, The 
pits which have been emptied in the morning are 
refilled in the afternoon with the wheels cast during 
the day. 

Moulding is commenced at 7 A.M., one moulder 
and an assistant working on a group around each 
crane. (The arrangement of the group and cranes 
are shown at H H, Fig.13.) By 11.30 all the moulds 
are ready, and at 12.30 the work of pouring the metal 
is commenced. ‘The moulder is then assisted by a 
second man to help in pouring, and afterwards in 
removing the wheels from the mould. The crane is 
operated by a boy. Ladles for the cranes are filled by 
one man who brings them under the cranes, and after 
removes them. Before being poured, however, the 
metal is allowed to stand in the ladles for some 





“* 





time until its temperature has fallen to a 
determined by the experience of the founder, for if 

oured too hot or too cold, the wheel produced will 
be unfit for use, and has to be condemued, About 
a quarter of an hour after the wheel has been cast 
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it is removed from the mould by means of the crane, 
placed on a track, and conveyed to the annealing 

From the f ing description it will be 
seen ‘that the metal is not handled after it & placed 


in ‘the ‘cupola, all the subsequent operations of 
pouring, lifting, and transporting the wheels being 
done’ by power. 


For some time a system of record has been 
adopted. Each wheel is numbered as nearly 
consecutive as possible, and, in addition, the 
date of making is cast upon the plate of the wheel 
in raised letters. A complete record is also kept 
in the wheel foundry of every wheel, showing from 
what part of the cupola charge the wheel was cast, 
the depth of chill given by the test piece before 
mentioned, the weight, the size, and if condemned, 
the cause of failure. Besides this, details are care- 
fully preserved of the iron charged, the order and 
manner of charging, and so forth. The duration 
and behaviour of every wheel under service is also 
noted, and entered in suitable forms. 

The materials generally employed at the foundry 
are first-class chilling charcoal irons, cold blast being 

referred. Very few, however, of the many charcoal 
iron furnaces of the United States furnish material 
suitable for wheels, and the brands in highest repute 
command large prices. “A very successful modifica- 
tion in their manufacture has, however, been intro- 
duced by Mr. W. G. Hamilton, of New York, which 
has been entirely adopted by the Pennsylvania Rail- 
road Company. It consists in the addition of a per- 
centage of steel in the form of old steel rails, crop- 
ends, &c., and wrought iron into the mixture. By 
this addition it is found that anthracite, coke, or 
non-chilling charcoal irons may be used instead of 
the higher-priced special brands; by this means a 
saving of at least 20 per cent, is effected in the 
price, and the duration of the wheels, as shown b 
the records, is at least equal to that of the best chill- 
ing charcoal irons, We shall, in another part of 
this series of articles, refer more in detail to this 
question of chilled wheels, and the advantages of 
the Hamilton process. 


DUNBAR AND RUSTON'S “STEAM NAVVY,’ 

We illustrate by a two-page engraving Messrs. Dunbar 
and Ruston's “ steam navvy,” the perspective view show- 
ing the arrangement of working it with the wagon roads 
on each side. 

As the machine advances excavating its own gullet it 
fills alternately, first on the one side and then on 
the other, one of the empty wagons in position for 
being filled. The lines of rails are arranged for the 
wagons so that there is always a train of empty wagons 
standing on a central road behind the “navvy,” and 
from whence they are drawn over a short jump road 
into position on the side roads for filling, while the filled 
wagons run back from the machine on tho side roads. 
The “ navvy” illustrated is capable of excavating and 
filling into wagons at the rate of 60 cubic yards per hour, 
two men and one boy being required to work it. 

This machine as will be seen on reference to the detailed 
drawings, is constructed mainly of wrought iron, so as 
to withstand the heavy work that it has to encounter. 
The mode of working it may be briefly described as 
follows. The engine-driver, who has the control of all 
the moving parts, is directed by the man who has 
charge of the scoop, and who stands on the circular 
platform at foot of the jib in front of the machine. When 
the jib is swung to the position required, the scoop 
is lowered till the mouth of it rests upon the ground. 
The man on the circular platform by means of a foot- 
brake and gear holds the scoop in that position, so fixing 
the length of the scoop handle from a pivot or point on 
the jib. The scoop is now drawn forward by means of a 
chain and‘ winding drum, thereby cutting all before it, 
recording to the radius described by the length of the 
ccoop handle. As soon as the scoop is filled, the man 
who has charge of it eases the foot-brake, allowing it to 
come out of its cut. When lifted high enough, the jib is 
then swung round until the scoop is brought over the 
wagon to be filled; the attendant now by means of a 
trigger line draws the spring catch bolt, allowing the 
hinged bottom to drop down, discharging its contents 
into the wagon. The jib is then swung round again, the 
scoop lowered, and the operation repeated 

After the machine has excavated all th:.t is within its 
reach, the anchor screws are slackened off, extra sleepers 
with a short length of rails are then laid down in front of 
it, and by meaus of the propelling gear it is moved for- 
ward the required distance. The anchor screws are then 
screwed down in order to prevent the machine from slip- 

ing back when at work. 
he construction of the whole machine is so clearly 
shown in the illustrations that its arrangements will be 
readily understood. 

Tn conclusion, we may state that Messrs. Ruston, Proctor, 
ani Co., of Lincoln, are the sole makers of these machines ; 
they have already constructed and set to work in Great 
Britain, three of eight and fourteen of ten horse power. 








Y | being 40 ft., the available pressure 40 lbs., and 


HYDRAULIC vo. GAS ENGINES. 
To THE EDITOR oF ENGINEERING. 

S1rz,— When you did me the honour of publishing my letter 
on Hydraulic v. Gas Engines, on page 324, I was prepared 
for some opposition to my rules for comparing the cost of 
hydraulic and gas engines, as the rules are quite new to 
most engineers, and necessarily clash with many existing 
prejudices and interests. I did not, however, expect that 
my few simple figures, and the mention of the engine 
of the future would have such an effect upon Mr. E. B. 
Ellington as to cause him to commit so many rash state- 
ments to print, and which after all do not even challenge 
the accuracy of the rules I gave. . 

Nothing like leather ! d the Nothing 
like water for hoisting and lifting, is the burden of Mr. 
Ellington’s letter. It should be unnecessary to say that 
all such unqualified assumptions and conclusions are not 
worthy of sober investigation, and reflect very little credit 
on the experience of ny engineer who advances 
them in earnest, or why should there be so much lifting 
done by steam directly and indirectly on the works of some 
makers of hydraulic engines ? . 

In making selection of steam, water, or fr for working 
cranes, hoists, and the endless variety of light machinery 
found in all towns, there are many points of economy, con- 
venience, and expediency to be considered, and it is the 
assigning each point its real value, in order to determine 
which motive power is best to use in each particular case, 
that is one of the best tests of sound engineering. As 
the merits of steam and water power for grep o 
manual labour are widely and well known, whilst the ad- 
vantages of using gas are known but to very few—in evi- 
dence of which see your correspondent’s own statements— 
my letter was written with a view to dispel some of the 
ignorance and prejudice that exists against the use of 
asa motive power. So long as the accuracy of my rules 
remains undisputed or are not proved to be wrong, they 
must be accepted like other engineering rules, many of 
which rest on less substantial basis. 

If Mr. Eltington will descend from vague and unmean- 
ing ay pony to particulars, perhaps he will tell us what 
will be the cost of working by hydraulic power a crane to 
lift and lower 200 tons per week in equal quantities of 
5, 10,15, and 20 ewt. in rotation, the average height of lift 
e cost of 
water 6d. per 1000 gallons. The lifting to be done indepen- 
dently of the lowering, as in unloading and loading a ship 
or lorrey at a wharf in London. I would ask Mr. Ellington 
to give a straightforward answer to this question without 
any equivocal or evasive remarks. He can add his objec- 
tions and remarks afterwards. 

The cost for doing the above-mentioned work by gas is 
under 2s. 6d. a» week. As the chain hook will have to be 
raised and lowered 40 ft. at least 800 times in the week, and 
it will take at least 110 gallons of water to raise 1 ton 40 ft. 
high, it follows that 88,000 gallons will be required, cost- 
ing 44s. This makes the saving over 21. a week in favour 
of the gas engine, being at the rate of nearly 50 per cent. 
per annum of the price of the engine. 

To return to your correspondent’s letter, it is scarcely 
worth a serious reply, but regarding it as a curiosity as 
showing how many misrepr tations, false assumptions 
and conclusions can be got into a column and a half, per- 
haps you will allow me to expose the plausible statements 
for the benefit of your younger readers. 

In answer to the exclamation, how little what I have said 
amounts to! I would say it amounts to this: There are 
a great many hydraulic engines at work, the abandoning 
of which, or removal to the scrap heap, and replacing by 
gas engines, would result in a saving at the rate of 50 per 
cent. per annum on the price of the gas engine, and in 
some cases even to 100 per cent. per annum. Whether 
such a saving is worth anything or not, I leave your readers 
to judge for themselves. 

t does not follow from this, as your correspondent is 
likely to conclude, that I advocate gas engines for all 
hoisting and other purposes where hydraulic engines are 
used. On the contrary, it would be as great an engineering 
blunder to apply a gas engine to some descriptions of 
lifting and other work, as it is to apply hydraulic ma- 
chinery as it often is applied. 

It is simply nonsense when Mr. Ellington says, “‘ Let the 
future gas engine be as perfect as it may, it will still 
remain quite unsuitable for hoisting machinery when com- 
pared with hydraulic appliances.’’ What I have just said 
cancels this statement, and the fact remains that the gas 
engine is cheaper and more efficient in many cases than 
hydraulic cedioey) and, moreover, that in many other 
cases the most economical and efficient way to work hy- 
draulic machinery is to use it in conjunction with a gas 
engine. 

t is incorrect when Mr. Ellington says that gas 
cannot compare favourably with steam. The fact is it 
compares so favourably in some cases where it has super- 
seded steam, as to effect a saving equal to about 50 per 
cent. per annum on the cost of making the change from 
steam to gas. 

On the other hand, I admit that steam is replacing gas 
in some instances where the economy of using gas has 
enabled the user so to extend his business that it has out- 
grown the sphere of the gas engine, or passed the limits 
within which it is so much cheaper to use gas than steam. 

It may be interesting to engineers and steam users to 
know that gas can be employed to supplement steam power 
with great advantage. In many works where large boilers 
and engines and much shafting are used to drive heavy 
machinery, a great waste occurs when the engine and 
shafting are used at night to drive perhaps a single light 
machine. The cost of coal and boiler attendant’s wages 
may amount to 10s. or more each night, whereas if a gas 
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It is incorrect that my letter is based upon entirely false 
issues, as Mr. Elli states, and the example chosen to 
show I hare misconceived the advantages of hydraulic 
hoists in towns is rather an exceptional one, and not at all 
apeneet to the numerous cases where goods are received 
and disc circumstances necessitating the 
presence of one or more hands at each end of the operation. 

It is incorrect that the "Fllimeton wheels, shafts, and 
brakes is exploded, as Mr. i mseems toimply. As 
for being ricketty, there are some crabs a t deal less 
ricketty than some systems of chains, wheels, and pulleys 
on hydraulic cranes. Does Mr. Ellington not know that 
shafting und belts for lifting are sometimes preferred in 
large warehouses to hydraulic machinery, for the simple 
reasons that the former system is consid by some, who 
have had considerable experience, to be less liable to get 
out of order, and capable of being more easily repaired 
when out of order than hydraulic machinery ? 

Mr. Ellington’s pet system is evidently the direct-acting 
hoist, the —— of which is of course extremely limited. 
Isup vr. Ellington will admit thata ram of this kind to 
lift 90 ft. from basement necessitates a pitat least 90 ft. deep 
below the basement. Does it not occur to him that in many 
places the necessity of such a pit would entirely preclude 
the adoption of this arrangement? The only casein which 
Mr. Ellington ventures to enter into particulars is one 
where the cost of working the hoist is 151: a year, with 
water at 1s. 3d. per 1000 gallons. On his own assumptions 
this is equivalent to 1s. a day or 800 gallons. Nowthe 
most that — can get out of 800 gallons at 40 lb. 

ressure, without considering friction, is about 8} tons 
lifted 40 ft. high. If there is as much lowering as lifting 
we have about 4 tons lifted 40 ft. highaday. If the height 
is 80 ft., only 2 tons can be lifted and lowered daily. The 
question at once arises, could such light work not be done 
cheaper by manual labour? 
Perhaps Mr. Ellington will favour you with a descrip- 
tion of this hoist and the work it performs for 151. a year, 
in order to show how it can possibly take a three-horse power 
gas engine working at 3d. an hour, eight hours a day to do 
the same daily work. The way in which Mr. Ellington writes 
about the gas engine shows howlittle he knows about it. Will 
our correspondent kindly state where I have said ‘“‘ there 
is no advantage to small consumers of power by the estab- 
lishment of such a system as has been put down at Hull 
for gay ew public with hydraulic power for working 
cranes and hoists’? When he acknowledges the misre- 
presentation he has here made, he will pobably be willing 
to admit that the rest of his letter was written without 
full knowledge or consideration of facts. 
No doubt a great deal in favour of water power com- 
pared with steam or gn can be said, but unfortunately 
for the cause for which Mr. Ellington has constituted him- 
self the champion, he has either n unable or unwilling 
to say it. 
T am, Sir, yours truly, 


RoBERT WILSON. 
116, Queen Victoria-street, E.C. 








THE FORCE OF GRAVITY. 

To THE EDITOR OF ENGINEERING. 
S1r,—The third paragraph from the end of “ J. B.’s”’ 
most interesting letter in your journal of April 20th, sug- 
gests an argument which, if carried to its kk conclu- 
sion, seems to me to be fatal to the theory that gravity is 
caused by the impact of ethereal particles, for it necessi- 
tates the supposition, not that the velocity of the particles 
is millions or billions of miles per second, but that it is 
absolutely infinite. For unless we are to suppose that it is 
possible for a mass to be so great that no addition to it 
would increase the force with which another body would be 
impelled towards it, there can be no limit to the amount of 
force of impulsion per unit of section. 

Taking the same data as ‘‘ J. B.,”’ we find that the force 
with which a prism of one square inch section through tho 
earth in the direction of the sun is impelled towards the sun 
is about 40 tons. . 

This, according to the theory, is 40 tons per square inch 
of protection from ethereal currents on the side of the earth 
next the sun. 

Now the diameter of the sun might be increased 200 
times and leave us at the same time 10,000,000 miles clear 
of it. The effect of this, if the sun were of the same 
average density as before, would be to increase the force 
impelling the prism towards the sun from 40 tons to 
320,000,000 of tons. That is to say, that each square inch 
of that part of the earth nearest the sun would then be 
protected from ethereal currents to the extent of 320,000,000 
tons, and yet we are no nearer the end of the protection 
than before the sun was enlarged. Let the earth now be 
placed where the nearest fixed star is, and let the sun be 
enlarged as much as possible within that range with the 
same average density, and the of the earth nearest 
the sun will then be protected from the ether currents to 
the extent of two hundred millions of millions of tons per 
square inch, and yet we are just as far from total protec- 
tion as we were at first. 

It does not help us at all to say that the force arising from 
resistance to the ether currents does not act on the surface 
only but on every particle of the mass, for it is impossible 
to get a greater total amount of resistance to a current by 
making it pass through a porous material than would be 
obtained by stopping it at once by a flat surface ; so that if 
gravity be caused by currents of ether the particles must be 
moving at such a velocity as would produce an infinite force 
per square inch if itcould be stopped by a flat surface like 
acurrent of any other material. This argument may, as 
far as I know, have been used and ans d before, and if 
so it will be the less trouble now to give the answer 
a , 

en argument of another kind which to my mind is a very 





engine could be age to drive the machine the cost would 
be under 9d. The gas engine has been so applied with 








perfect success. 





trong one against the ether-impinging theory of gravita- 
tion © this. .We know that wun we call the mass of a 
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body is exactly proportional to its inertia. That is to say, 
that. the difficulty of imparting velocity to various bodies is 
exactly proportional to the force with which they are 
impelled towards any other given body, which is indeed the 
basis from which all the laws of d ies can be mathe- 
matically proved. Now if these two quantities or pro- 
perties are so intimately connected it seems most reasonable 
to suppose that any theory that explains the one must 
throw some light on the other; but I am not aware that 
the ether has in any way been used to explain inertia, 
which is just as inscrutable as vity. a force 
which we call a pound should be able to impart velocity to 
a mass which ween a ) og 9 on the earth’s surface, and 
should only be able to do so at about 32 ft. per second, is 
just as big a mystery as that matter should have an 
attractive force to matter. Whatis this initial resisting 
force that limits the rate at which velocity may be im- 

arted? I cannot conceive in what way ether currents can 
™ used to account for it; and till a theory is advanced, 
which includes within the same brackets the force of 
gravity and the resistance to alteration of velocity, I think 
it would be the wisest course to admit that we are at the 
end of our tether. When a theory combining the two = 
perties can be devised then we may hope to have made a 
step in advance. 

I agree most unhesitatingly with the concluding para- 
graph of ‘‘ J. B.’s’’ letter in which he says ‘‘ we can assign 
no limits to the velocity with which that medium (ether) 
may move or oscillate in all directions throughout endless 
space ; and although the elasticity may or may not be millions 
of tons per square inch, it is impossible to conceive of 
masses millions of miles apart being either attracted or im- 
pelled towards each other if floating ina calm and surgeless 
ocean.”’ At the same time it is infinitely more difficult 
to conceive of particles of matter moving at infinite speed. 
In the same way it is perfectly impossivle to conceive of 
endless space, while it is infinitely more so to conceive of 
an end to space. Ofcourse the particles must keep on to 
eternity in the same direction, but whether they are 
supposed to go slower after passing through a solid body I 
do not know. Neither doI know what would be the mathe- 
matical effect of a body moving at an infinite velocity in an 
infinite space, that is to say, whether it would mathemati- 
cally get to the end of space, which has no end, or not. 

One remark on the side of the ether current theory. If 
the hammering on all sides of the earth by ether particles 
is sufficient to keep it an absolute temperature of about 
500 deg. more or less, may not the hammering of the sun be 
sufficient to account for its heat? I have always believed 
that there is some circular process by which the sun did 
not require to be fed like a jelly-fish by absorbing all the 
particles that came within its reach. 

Glasgow, April 29, 1877. RosBert D. Napier. 





‘‘ CENTRIFUGAL FORCE ». UNBALANCED 
FORCE.” 
To THE EpITOR OF ENGINEERING. 

S1r,—From Mr. T. C. Fidler’s letter of April 6th, I under- 
stood his argument to be, that centripetal force may be 
properly considered as unbalanced, because centrifugal 
force though equal and opposite to it, acts upon a different 
body, and, therefore, cannot balance the centripetal force. 
He readily admits the existence of centrifugal force, and 
admitting this, it appears to me necessary to his case for 
him to prove that this force acts upon a different body to 
that subject to the opposite force ; for if they both act upon 
the same body, being equal in intensity and her in 
direction, they must belanes each other. Indeed Mr. 
Fidler himself writes, ‘‘ we have shown that there is such 
a force as ‘ centrifugal'force,’ acting not upon the revolving 
body, but upon another body, and that, therefore, the 
centripetal force acting upon the revolving body is an ‘ un- 
balanced force.’ ’’ 

But writing again on April 16th, he says, ‘I did not 
wish to prove that centrifugal force does or does not act 
upon the revolving body.”” Now my contention is, that if 
he does not prove the latter alternative, his whole case falls 
to the ground. 

Mr. 'l’. C. Fidler says, ‘‘I use the word ‘ gravity’ where, 
according to books of science, I should use ‘ weight,’ so that 
the ‘absurd result’ would revolve itself into this, that the 
weight of a supported body acts not upon the body, but 
upon the support.’’ I do not agree to this transposition of 
terms, and cannot admit its correctness. Referring to 
Todhunter I find the following: ‘‘ The cause of this effect 
(the falling of a stone) is assumed to be a certain power in 
the earth which is called gravity.” And further: “ Weight 
is the name given to the pressure which the attraction of 
the earth causes a body to exert on another with which it 
is in contact.” 

Here it is clearly enough shown that while gravity is an 
active cause, weight is merely its effect, not the force itself. 
Wherever I used the word gravity, it was in the sense of 
the active force of attraction, not of the resultant weight 
or pressure. I admit that the weight of the body acts 
upon the support, but hold that this action is me. 4 the 
result of a primary action of gravity upon the body itself ; 
J primary action having no direct relation to the sup- 


‘To return to Mr. T. C. Fidler’s original ition ; I 
willendeavour to dispose of it by a second illustration. 
Take the case of a common centrif governor, as it in- 
volves both the force of gravity and wp ge force. Let 
the ball be suspended as usual by a light rod, whose centre 
line is ¢ f d, and let. b d be the axis of rotation. Here are 
two forces, yiz., that of gravity equal to it in the direction 
of a c, and centrifugal force eal to and in the direction 
of bc, acting ing to Mr. Fidler—somewhere, but 
not upon the revolving body. In any case they have a re- 
sultant equal to and in the direction of d c, which is met 
by the resistance of the rod to extension. Mr. Fidler says 
these two forces act upon the supporting arm and not upon 





the ball. I contend they act first upon the ball and are trans- 
mitted to the arm; we are that they ultimately 
appear at f, the bottom of the arm. Now let us suppress 
the arm or rod, and support the ball upon a portion of a 
hollow sphere. 

The two forces are precisely the same as before, and 
their resultant is therefore the same, but by Mr. Fidler’s 
theory their mutual point of aj pany must now be 
instead of f. Is this so cunsonnt e as to suppose that 
the forces act upon the centre of the ball, and that con- 
sequently the point of application is fixed and common to 
both methods of support ? : 

fe: the Leo we, admitted, 2 pee that the resistance to 
extension of the arm in its double capacit; mapper for 
the weight and centripetal agent, is panel by gravity 
and centrif; forces respectively. 

After facetiously offering me ‘‘my choice,” Mr. Fidler 
ap out an “‘ apparent anomaly” whichever way I choose. 

ust so, there is an meeerent anomaly, but is ef this. the 
result, as Mr. Napi already said, of a false educa- 
tion? and it is just this anomaly which, as I take it, Mr. 
Napier is endeavouring to obliterate. 

here would be its existence if the text-books tanght 

that there was no such thing in nature as. an unl 
force, but that a static anda ic resistance may both 
be spoken of as forces, wh the latter 
friction, inertia, or any other cause. 


Tam, Sir, yours truly, 
Birmingham, April 28, 1876. ' 


arise from 


C. G. 





THE PROPER CIRCULATION IN BOILERS. 
To THE Epiror or ENGINEERING. ~ 
S1zr,—Mr. Watt's on ‘‘ Water-Tube Boilers,”’ re- 
ferred to in his letter of the 25th of April, is one of such 
undoubted ability and one with the general purport 
conclusions of which I so heartily agree, that it is with a 
feeling of real regret that I undertake the unwelcome task 
of noticing defects in it, I am glad to begin with this ad- 
mission as I should not like to be understood—or rather 
misunderstood—as if I were indulging in mere captious 
criticism, because Mr. Watt adv a different system 
of be gran boilers from that which [ champion as the 
right one. : 
Still from — Mr. Wott, nivenes ~ “my point in 
question, viz., the proper position e composing 
the boiler, and ep Tally’ from the second of his four 
theoretical “laws” or “rules,’’ I must unequivocally 
dissent. On account of the general simplicity of these 
laws and of their excellence in much that they contain I 


quote them all, : 

1. The tubes should be arranged in a position to absorb 
the greatest amount of heat by causing the flame to travel 
at right angles to their axis. 


2. The tubes should be in a horizontal or in an inclined 
position, as the most efficient to emit heat. 

8. The steam generated should havefree and unobstructed 
escape to the steam chest. 

4. The circulation or supply of water to the tubes must 
be copious to prevent overheating. : 

When he deals strictly with the — raised in my letters, 
viz., the proper provision for the free and natural escape of 
the steam in boilers, I find Mr. Watt in fall agreement with 
me. Thus he says, “ From the nature of ebullition, when 
steam is generated it nat takes the nearest vm te the 
surface,’’ and in, ‘‘ the well-known Galloway tubes owe 
their great efficiency to their sides being inclined in such a 
way as to enable the steam to rise freely. Quite a different 
result would be obtained were they fixed the reverse way’’ ; 
and once more, as showing how he concurs in the idea of the 
evil of del aying the escape of the steam I find him saying, 
‘the effect of having steam under pressure in contact 
with a hot plate is well known ; if it be a furnace crown or 


a flue it will either be very much distorted or an explosion 
will oceur.’’ . 
I might be e to be content with these expres- 


sions and with the decided marie his Rules 3 and 4, 
and did they stand alone I could have no reason to 
other than hail Mr. Watt as a supporter. 
But his Rule 2 shows that he somehow arrived at a 
conclusion as to the eer ae of the boiler, which 
conclusion I maintain is directly op to the principles 
of circulation to the correctness of which we have just 
seen his testimony. % 
How has he arrived at this erroncous conclusion? It is 
plain from his‘excellent paper that two causes have operated 
in producing that result, and these are, first, a wrong de- 
duction as tothe best position of the tubes with relation 
to the flame and heated gases: and, second, wrong reason- 
ing as to the emission of heat. “ 
ith regard to the first of these points Mr. Watt 
assumes that the flame and ape geese will invariably. be 
found travelling in an upward direction vertically or nearly 
so, and therefore, as heating surface, whic’ ina p 
horizontal to that of the direction of these gases has been 
found to be the most valuable, it is natural that he should 
conclude that the water tubes e ; this surface should 
be placed in a horizontal or nearly horizontal tion. It 
is, veers only _ to eo out vd iehenng gases 
may, by proper and simple ap ces, such as 
sakes, be made to travel to and fro horizontally among 
water tubes, and this at once — 
Watt’s assumption. Itevidently does not matter whether 
the tubes’ are horizontal, and the gases vertical in their 
motion, or whether the gases travel horizontally, and the 
tubes are vertical, for the same result as to the efficiency 
of the heating surface exposed is arrived at in both cases. 
Thus there is no reason, from this point of view, why the 
tubes should not be vertical. 

The second point is a strong one with Mr. Watt, but here 
again he assumes more than he can prove. The diagrams 





or sketches which his paper contains to illustrate the 
emission of heat from boiler surfaces are very interesting, 


the fallacy of Mr. | pared 


but do not in all cases represent the truth, because allow- 
ance is not made for the facts that the water is set in motion 
by the transmission of heat to it, and that consequently 
connexion of heat must be added as an element in the 
matter. Moreover, as it is not a question of the mere 
transmission of heat from plates in streams or lines which 
pass t h a quiescent medium, the movement of the 
water must be considered and means for the supply of 
fresh quantities provided, care being taken that the fresh 
supply has not to reach the plate in a direction contrary to 
that of the heated currents. This latter point especially 
Mr. Watt seems not to have fully considered, for he v pene 
of the flat top surface of a flue being the most efficient part 
of the heating surface, and shows plenty of lines rising 
vertically from it, while at the same.time he says, ‘‘ the 


water from its wity will be more frequently in 
contact with the pla A ena water will reaak the yiate 
in a direction contrary to that of the emission of heat 

it. This however it could do only on the supposition that 
the heat was i h a quiescent splices. 

He admits that “if it were possible to have water always 
in contact, the vertical surface would be as efficient as the 
horizontal,’’ but he judges that itis not possible. I believe, 
on the contrary, that where vertical water tubes are in 
question, it is more easy (not merely ‘‘ possible’) to-keep 
water in contact with their surfaces than with the flat 
horizontal surface of a flue such as Mr. Watt describes. 

Any one who has observed water boiling in a vertical 
tube must have noticed that at the top the upward current 
of heated water and steam rises from the centre, and not 
from the sides of the tube. This at once shows that the 
heated water and steam seek a direction partly at right 
angles to the surface, as well as an ascending one, and 
hence there is no difficulty in cupplying the surfaces with 
fresh portions of water, for, in fact, where the water is fed 


and | up continuously from below it supplies itself where it is 


wanted. This also satisfies his 4th rule, which I consider 


a one. 

J yong therefore, my affirmation that no water-tube 
boiler but one composed principally of vertical water tubes 
ean fulfil the conditions essential to proper circulation, 
and that pee par ger a a construction is sound in 


principle, and no « 
Yours faithfully, 
FREDERICK JoHN Rowan, 
P.S.—I think it necessary to say with reference to the able 
letter of Mr. J. Fortescue Flannery on ‘‘ Water-'T'ube 
ilers’”’ in your last week’s issue, that several examples 
of Rowan and Horton’s boilers besides those of the s.s. 
Propontis were constructed and are working most satis- 
factorily. Some of these have now been at work for five 
years with good results. This statement appears to be 
necessary because it is agswmed in Mr. a omy by letter, 
as it was in his paper on the same subject to the In- 
stitute of Naval Krehitects, that the bon Sore was tho 
only vessel contai an example of these boilers, and as 
she failed from defective circulation in the steam spaces it 
was natural to conclude that our type of boiler was un- 
successful. is, however, is a mistake, as I point out, 
and there are seven or eight sets of these boilers of the 
recent design now at work in steamers. Many sets to 
former designs were constructed and worked with more or 
less success. It is, therefore, I submit, saying too much to 
assert as Mr. Flannery does that ‘‘the water-tube system 
has to on peo time miserably failed.’’—F.J.R. 
108, Wool Exchange, Coleman-street, E.C., May 7, 1877. 


STEAM ON TRAMWAYS, 
To THE Eprror oF ENGINEERING, 

Srr,—A letter appeared in last week’s number of The 
Engineer stating tthe steam traction on the tram- 
ways in Paris is not so ulas has been pretended, 
and that experiments are now being tried by laying down 
india-rubber in the rails for the sake of obtaining adhesion 
for the engines. This statement really seems too absurd to 
claim attention, were it not for the publicity given to it. 
Need I assure you that it has not been necessary hitherto 
to lay india-rubber or anything else in the rails for the 





purpose of o' ing adhesion? As to the success of the 
enterprise, I can say that the report of the traffic on 
Sunday last states that the receipts with twelve engines 
were 1201., being at the rate of 101. engine for the day, 
and on Monday were upwards of 801., or 71. per engine 
per day, witha service lasting from seven in the 
morning until ht. 
am, Sir, yours very faithfully, 
G. P. Harpina. 
Paris, May 8, 1877. 





Tus Large Mr. E. T. Wrieut.—We notice the death 
of Mr. Edwin Thomas Wright, late of the Monmoor Iron 
Works, Wolverhampton. The business is now bei 


lane | carried on by his sons, under the name of Messrs. E. T. 


Wright and Sons. 

Kina’s CoLLear ENGINEERING SocreTy.—At a meet- 
ing iety held on Friday, May 4, Mr. W. T. 
Douglass read Docks.’’ The author com- 


menced his : ae the advantages afforded 
enum: e advantages affor 
by docks to ‘ok chee and sailing vessels. He then com- 
the different forms of docks, describing minutely 
the hydraulic lift graving dock, Rennie’s floating dock, 
and patent slips and idirons. Having described the 
most improved form of dock gates and caissons, he in con- 
clusion made a few remarks on the construction of quay 
walls and arrangement of docks. A brief discussion then 
followed in which Messrs. Little, Alliman, inniess, 
Rowlands, Crompton, Suit, and Hurst took part. Mr. 
Douglass having replied to the questions, the proceedings 
terminated with a vote of thanks to Mr. Douglass for his 





most interesting and instructive paper. The paper was 
illustrated by explanatory diagrams. 
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that the more generally continuous brakes are employed, 
the more certainly engine-drivers will get into the habit of 
running smartly up to signals, into stations, and towards 
buffer-stops, or other ‘‘ dead-ends.”’ 

There can be no doubt that this will be the natural 
tendency, and it must be expected and provided for. Men 
will never be otherwise than fallible, machinery will never 


be quite ect. We weight our si so that if the wire 
breaks they fly to r, and we thus reduce in all ordi- 
nary cases what might be a risk of accident to a possible 


risk of delay. Similarly, it is essential, in employing con- 
tinuous brakes, to provide that although a train may, on 
any defects occ in. any of their parts, be stopped 
prematurely, yet s the-driver not be carried accidentally 
too far without the means of pulling up. Otherwise, that 
which is intended as a means of safety, might be converted 
into a source of danger. The argument is sometimes put 
forward that, however good continuous brakes may be for 
service elsewhere, they ought not to be used in running into 
terminal stations. But a few words of actual experience 
will soon dispel this f . When collisions occur in 
this way, from trains entering a station at too high a s R 
the engine-driver commonly accuses the , and the 
rd the engine-driver. The train is perhaps a little 
eavier, or the rails more slippery, or there is less pro- 
petoence brake power than usual. But if the engine- 
iver has control of brakes over his whole train, then he 
no occasion to rely on the or s, the re- 
ve rests with him alone, and he is without excuse 
if he causes an accident. The most likely mode of producing 
such collisions is by distributing the brake power between 
two or three men in different parts of a train, without 
means of acting together ; and the best mode of avoidin 
such collisions is to place the responsibility and contro 
both together in the hands of the engine-driver. No excuse 
remains in such a case, for an engine-driver, when he is 
provided with ample brake power, which he can apply at 
pleasure, wholly or partially, of which he would not on 
ordinary occasions employ the full force, of which he would 
retain a reserve for every case of emergency, and which, if 
anything should happen to go wrong, would only by auto- 
matic action stop him sooner than he expected. 

The most remarkable instance showing the necessity for 
a with this condition is the accident that occurred 
on the 11th of November, last year, on the Jersey Central 
Railroad. A passenger train running to Communipaw 
Ferry, which ought to have been pulled up at the platform, 
dashed through the depot almost with undiminished speed, 
carried away part of the goods office, crossed the ferry pier, 
and fell into the river. The engine-driver trusted to his 
vacuum brake, which was not automatic, but his apparatus 
failed him at the critical moment. If his brake had been 
automatic, and thus self-applying on the failure of any of 
its parts, the engine-driver would have been previously 
warned, and the accident would not have occ > 

Having reference, then, to the approach of trains to 
terminal stations, junctions, level crossings, opening 
bridges, buffer steps, and to all cases in which an accident 
might be caused by a train over-running a particular spot, 
all of which is comprised in ordinary railway working, the 
truth of the matter may be correctly stated by asserti 
that it is not safe to employ any,continuous brake whic 
is not automatic in the sense of flying on, or applying itself, 
when failure occurs in any of its parts ; and further, that 
a continuous brake which does comply with this condition 
of automatic action must afford a higher degree of safety 
than the existing arrangement of mechanical brakes dis- 
tributed through different parts of a train, and is the only 
proper and suitable apparatus to employ. 

Another advantage, in practical working, of a continuous 
brake which is self-applying, and requires to be taken off 
by the exertion of the force employed, that of proving itself 
to be in good order when the train starta, is not less impor- 
tant. Under other conditions a train may be started, with 
the brake apparatus not coupled up, or with its parts out 
of order, unknown to the driver, when he starts on a 
journey; and he may only discover that his brake is 
defective when he finds it failing to act, as it becomes 
necessary for him to bring his train to astand. But when 
he is obliged, by the application of the brake force, to 
relieve the wheels of the blocks before it is possible for him 
to start, then there remains no risk --either from neglect of 
servants or defect of machinery—of his leaving a terminal 
or other station with his brakes not in working order. This 
is, in fact, a condition of simplicity in working, true in 
principle, and of great advantage in daily practice. 

The next important condition is promptness of action, 
or application with full force of the blocks to the wheels, 
within, say, one second, on a train of ten carri: . The 
necessity for this requirement will be at once realised when 
it is remembered that in one second a train travelling at 
60 miles an hour passes over 88 ft.; at 45 miles an hour, 
66 ft. ; and at 30 miles an hour, 44 ft. A train travels, 
that is to say, 100 yards, at 60 miles an hou.’, in 3.4 seconds ; 
at 45 miles an hour in 4.6 seconds; and at 30 miles 
an hour in 6.8 seconds. When anaccident occurs in which 
a carriage leaves the rails from failure in any portion of a 
train, it may be of great, and even of vital importance,jim- 
mediately to reduce the momentam of every part of it ; and 
every extra second expended before this action is com- 


menced may be a question of life or death. At Morpeth 
the engine fell over on its side 84 yards from the point at 
which, and say 10 seconds after, it first left the rails. This 


was an extreme case, but if, on the first separation of a 
coupling, say six seconds after the engine left the rails, 
every carriage had instantaneously and automatically 
applied its own brake, then, undoubtedly, the hinder car- 
riages would, so far, have had their momentum checked 
during the four following seconds, that mach of the terrible 
destruction which oecurred by the hinder i i 

forward unimpeded upon the tender and some of the lead- 
ing carri would have been avoided, and no lives would 
have been lost. In cases somewhat less sudden, and when 


an engine-driver finds an obstruction 100 or 200 yards in 
front of him, the instantaneous application of his brakes 
will either ae the collision or materially reduce the 
amount of eT will save the mgers from injury 
and will avert all risk from the subsequent rebound of the 
buffers—which is sometimes the cause of the worst 
—even if a collision ensue. In a case, for instance, as 
the oe —, at ey, on the Great Western en 
way, where the engine-driver of a passenger train was warn’ 
oy an i iver travelling in the opposite direction 
of an obstruction fh his way, in the dark, 828 yards from 
him, caused by some wagons having, in shunting, been 
thrown from a siding, the passenger train ht, by the 
instantaneous action of a = continuous brake, have 
been stopped short of the obstruction. And at Shipton, 
when 30 passengers were ki . 
say, 40 miles an hour, might a tly, by the instanta- 
neous application of continuous es, have been brought 
to rest without any injury. , { 
Another important condition of a continuous brake is 
‘*simplicity,’’ and on this head I must be allowed to réfer 
to my paper read in this room on May 20th, 1874. I then 


endeavoured to explain, with reference to the accusations | signal 


of certain eminent railway gentlemen, as to the compli- 
cated arrangements which were, by the action of the Board 
of Trade, being forced upon y companies, what 
simplicity, as opposed to confusion in railway working, 
reall meant; and that simplicity in construction and 
simplicity in working were, in many cases, distinct, and 
widely different from one another; complication in con- 
struction being ireunently, or always more or less, 
necessary to obtain simplicity in wor! I then pointed 
out that simplicity in working was not obtained “‘ where in 
long heavy trains timed to travel at high speed, engine- 
drivers had not sufficient brake power to enable them to 
being ioe be by b stand wi | nonce sporeeee, 
when they could not depend upon the guards eir 
brake whistle, and when t' had only a limited portion of 
retarding power under t own control,” nor “‘ when 
they found it difficult to maintain their time-table speed, 
and at the same time approach each every signal in 
the course of their j with the requisite amount of 
caution, according to the severity of the gradients, the 
slipperiness of the rails, the Bm rtion of brake power, 
and the positions and view afforded by such oention I 
may now add that simplicity as regards the application of 

ilway brakes is not obtained by the system now more 


commonly employed of brake-handles to be turned by 


different men in pour 30 2 of a train; but is obtained 
when, by more complicated construction, an engine-driver 
is able easily in an instant to apply ample brake-power at 
pleasure with more or less force to every wheel of his train ; 
is obtained when every time an engine-driver starts, or 
attempts to start, his train, the brake itself informs him if 
it is out of order ; and is still more obtained when, on the 
occasion of an accident and the separation of a coupling, 
the brakes will prmeny. | apply themselves on wheel 
of the train without the action of the engine-driver or 
guards, and before even they have time to realise the 
necessity for it. This is true simplicity in such a case; 
and that system of continuous brakes which best accom- 
plishes such results in the shortest s of time is so far 
preferable to all others. As an i of the want of 
simplicity of the present system, may be quoted the case of 
a recent accident at Derby. A night-mail train which 
ought, on arriving at Derby, to have been stopped at the 
ticket platform on the west of the station, ran past that 
platform, and came into violent collision with some 
carriages beyond it. The fireman, who was not well 
acquainted with the line or the station, took off his brake, 
in the dark, to allow the train to run forward, on seeing a 
signal lowered, just at the moment when he ought to have 
screwed his brake on more tightly 5 and the engine-driver 
only discovered the mistake which the fireman had com- 
mitted when it was too late to correct it. I mention this 
case to show how desirable it is, not merely that the brakes 
should not be distributed between the fireman and guards 
in different parts of the train, but, further, that the 
engine-driver should, in the simplest form, be able himself 
to apply and release it, without the intervention of the 
fireman; and the engine-driver should be able to do so 
without the exertion necessarily bestowed in turning the 
ordi: screw-brake on and off. As long as this common 
mechanical brake is employed, the engine-driver cannot be 
expected, himself, to work it; and yet this is the brake, 
which, it is fair to say, is still, by reason of its apparent 
simplicity, in favour with some of the most eminent 
authorities of the railway world. 

The conditions of cost, maintenance, and efficiency 
cannot, with advent be separately considered. An 
railway company which adopts a brake system not fulfill- 
ing the necessary requirements will ubtedly be com- 
pelled, sooner or later, to change its brake apparatus, will 
thus ultimately incur mugh extra expense, and will be de- 
prived, in the meantime, of the advantages obtained b 
the use of the best brake. There cannot be very muc 
difference in first cost between different systems, if the 
same conditions be fulfilled, and if the same materials are 
employed. Durability and cheapness of maintenance must 
be, and efficiency is, undoubtedly, of greater importance 
than comparatively slight differences in first cost. Rubber 
sacks and rubber reservoirs, as used in some systems of 
continuous brakes, may be somewhat cheaper at first, but 
cannot be maintained as cheaply as iron cylinders and iron 
reservoirs. They must be less reliable, and must, at times, 
be more apt to fail, as they get old, when they are urgently 
wanted to act. The constant maintenance of materials of 
this description—which cannot properly be allowed to work 
till they burst or fail, but must be renewed at stated in- 
tervals—under every vebicle used with passenger trains on 
a railway would certainly prove, in a series of years, to be 
a troublesome matter. It is a novel idea in railway loco- 
motive or carriage building to contemplate the use of such 





killed, the train, travelling at,| depends 


materials for permanent work, and for objects of such im- 
rtance. But, whatever the materials or the form of 
rakes, they should, at all events, be adapted and adopted 
for ordinary use, daily, hourly, and on the occasion of 
every stoppage made by a train. Tokeeponeset of brakes 
for emergencies, and another set for ordinary use, as on 
the railway of one great railway company, is introducing a 
most objectionable principle. e tendency in the course 
of wor! such an ment from year to year, would 
be, according to all p ent, and all experience, for tests 
to be neglected, and for the emergency brake to fall more 
or less into disuse. Apparatus of all descriptions on rail- 
=e which is not constantly employed for useful purposes, 
fails to receive that attention which is necessarily bestowed 
on other —— on which practical working constantly 
> mer or later, the time would surely arrive 
when the emergency brake, suddenly required for a serious 
contingency, would fail to act ; and then, if loss of life were 
the result, the laments would be bitter and unavailing. It 
may be safely asserted that there is scarcely any piece or 
form of construction or machinery on any railway, or any- 
where else, from a hose-pipe to a house, from a distant 
i to a locomotive engine, that is maintained from 
year’s end to year’s end in proper adjustment and condi- 
tion ‘unless it be required for practical use; and, in- 
dependently of the disadvantage as s the servants, 
who may be required to work one set of brakes at one time 
and another set of brakes at another time, and may not, 
when an em cy arises, be able readily to make up 
their minds which handle to fly to, or which lever to 
operate upon, the system of employing only eccasionally 
and for purposes of test, a brake specially provided for 
eases of extreme emergency, when perfection of adjust- 
ment and working is much required, when every second is 
vital, when luggage may be found in the way, is one which 
can only be looked upon as almost courting failure and 
disaster. As bearing upon the opposite principle, of re- 
lying continually upon the brake which would also be used 
in cases of emergency, and of providing an indication, con- 
stantly before the eyes of the servants of the company of 
its condition and working, it would probably be wise in the 
case of pressure brakes, to an indicator on every en- 
gine, and in every brake van, by means of which they may 
see at a glance the condition of their brake power, and of 
Py Uiteaaiecediy qveited in this ultiplicity of 
ve purposely avoided in paper a multiplicity o 
details which it is unnecessary here to discuss, and which 
would only serve to divert attention from the main points ; 
but without pretending to a complete treatment of this 
much varied question, I have, I believe, referred to the 
principal conditions which it is necessary for us to consider, 
in deciding which system is the best for general adoption 
as a continuous brake for railway trains. These conditions 
are all practical and feasible, and may thus be summed up : 
1. Simple and easy control, especially by engine-drivers, 
but also by guards of trains. 2. Automatic action in the 
case of an accident, or of a division of a train, without any 
interference from engine-driver or guards, so that the 
brake blocks may on the separation of the onion 
between any two carriages be self-applied on every wheel. 
3. The brake to fly on, and not off, so that the blocks 
may be applied to and not released from the wheels, on 
failure of any of the parts, and the train cannot be 
started unless the couplings are complete and the whole 
apparatus in working order. 4. Instantaneous application 
—say to full force within one second of time—when operated 
by engine-driver or guard, or when self-applied. 5. Sim- 
plicity of working. 6. Moderate cost, as compared with 
efficient durability of parts, and easy maintenance. 7. 
Constant employment in the conduct of traffic, and not 
merely employment for testing, and in cases of emergency. 
8. The engine-drivers and guards to be provided with in- 
dicators, showing at a glarice the condition of the brake 
power, and the ore a | of the connexions. 


Keeping these ints in view, it cannot be diffi- 
cult, with an unprejudiced mind, to come to a conclusion as 
to the relative claims of rival inventors. I have mentioned 


no names, and I express no opinion as to which of the 
various systems advocated is best adapted for the ends to 
be accomplished. I invite all who are interested in this 
subject, to take this opportunity of coming forward to state 
their own views, as to the conditions which should be 
fulfilled, the best means of complying with them, and the 
experience which has up to the present time been obtained ; 
and I hope there may be a full and fair discussion commen- 
surate with the importance of the subject. The only other 
means available te assist in leading to a decision, if doubt 
should still exist, are further trials; and on this point I 
would venture to suggest, in conclusion, that any fresh 
experiments should be publicly conducted on parallel lines, 
before impartial judges. In this way convincing results 
would best be obtained. The errors, and uncertainty and 
discrepancies, real or sus , incidental to isolated trials 
by different people in different parts of the country, would 
be avoided. Similar and rival trains, running side by side, 
at the same speed, on rails in the same condition, and on 
the same gradients and curves, might be made toafford exact 
and obvious means of comparison, not only as to the re- 
spective powers of the es under trial, but also as to 
rapidity of application, automatic or otherwise, when 
worked by engine-drivers or , and at different 
periods of the stop . The time has come for decisive 
action, and the public interests at stake are sufficiently 
large to warrant a few days expended in experiments of 
this description, and it would probably be impossible 
otherwise to arrive at the much-to- od consummation 
of unanimity amongst the railway companies. 








Iron Rats In France.—The total quantity of iron rails 
contracted for in France last year was 58,000 tons. This 
total presented a diminution of 39,000 tons as com 








with 1875, 
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of Fine Art at the University of Cambridge. Lecture V. Future 
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“The Practical Use of the Food Collection of the Science and Art 
Department,” by Mr. W. Stephen Mitchell, M.A. 

INSTITUTION OF SURVEYORS.—Monday evening, May 14th, 
Adjourned discussion on Mr. Shaw's paper on “The Rivers 
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Barometric Depression,” by the Rev. W. Clement Ley, = 
F.W.S. “Contributions to the Meteorology of the Pacific, No. L— 
The Island of Rapa,” by Robert H. Scott, F.B.S. 
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Mechanical Power on Tramways,” by Mr. A. H. Leaf. 


ENGINEERING. 


FRIDAY, MAY 11, 1877. 











LOCOMOTIVE WORKING EXPEN. 

Z . : Per phase 
BOUT five and ahalf years ago (vide 310 of 
our twelfth volume), we published : tabalar state- 
ment of the locomotive working expenditure on a 
number of our principal railways during the first 
half of the year 1871, and we at the same time (vide 
page 305, vol. xii.) directed attention to some of the 
chief deductions which might be made from the 
figures we published, and their bearing on locomo- 
tive economy. This week we give, on page 369, a 
_— oe oe in which are summarised the 
motive working expenditures on twenty-two of 
- chief railways during the year 1876, ma it may 
or vaseer pe. - a the data contained in this 
they — some of the conclusions which 
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In the first place, on prin arg $ye8 figures now 
published with those relating to the year 1871 and 
above referred to, we are at once struck with the 
important rise which has taken place in some of the 
items of expenditure. Thus first dealing with the 
averages we find that in running expenses the cost 
of wages has increased from 2.34d. to 2.9d. per 
train mile, coal and coke from 1.87d, to 2.55d., and 
water from 0.17d. to 0.2d., while the gross total 
ordinary expenditure has grown from 7.82d. to 
9.48d. per train mile. In no item of this expendi- 
ture do we find a reduction, but it is in the cost of 
coal and coke that the greatest advance has been 
made, a result which is partly due to the rise in the 
price of fuel and partly to the increase in the 
average weight of the trains drawn. We may re- 
mark here, by the way, that we think it is to be 
regretted that it is not the custom in our railway 
reports to give not only the cost but also the weight 
of the fuel used per train mile. If this quantity 
was given we should be able to trace the effect of 
improvements in locomotive construction and work- 
ing without having to take into account variations 
in the monetary value of the fuel used, and railway 
eee? would thus be enabled to compare more 
readily the results obtained on different lines, 
whereas at present the apparent results are largely 
influenced by the relative position of these lines 
with regard to the coal-supplying districts. To 
further aid in making this comparison, the average 
weight of the trains—both passenger and goods— 
should be stated as it is in many American railway 
reports, and the results could then be reduced to 
the number of tons drawn one mile per ton of fuel 
used, a unit which would be very con venient for 
comparison. 

As regards total train mileage we find, as might 
be expected, the London and North-Western Rail- 
way far ahead of its fellow companies, its total train 
mileage exceeding that of the next highest (the 
Great Western) by over 20 per cent., although in 
the matter of number of miles of line worked the 
Great Western takes the highest place, its line 
mileage exceeding that of the London and North- 
Western by 410 miles. The last-mentioned com- 

any is the only one omene 2000 locomotives, 
it having increased its stock by 416, or over 20 per 
cent., since 1871. The average number of train 
miles run engine per annum, namely, 17,934, 
does not differ greatly from that recorded in 1871, 
and we find that on the majority of lines this 
average result isnot widely departedfrom. On five 
of the lines, however, the engine mileage is above 
20,000 miles per annum, the highest being on 
the North London Railway, on which the mileage 
rises to 24,533 miles, while next highest comes the 
London, Brighton, and South Coast with an average 
engine mileage of 24,414. 

Turning now to the various items of expenditure 
we find in the first place that the cost of salaries, 
office expenses, &c., varies in a way which is very 
difficult to account for if we suppose the expenditure 
to be apportioned on anything like the same principle 
on the different lines. It might naturally be ex- 
pected that within certain limits the cost of superin- 
tendence and office expenses would decrease with 
the number of engines worked, a small line being in 
this respect unfavourably situated as compared with 
a larger one, but although this law can to some 
extent be traced in the figures we publish, yet it can 
by no means be said to apply snowy. As will be 
seen from the Table on page 369, the charges per 
engine under this head vary enormously, the highest 
being nearly eight times the lowest, while this lowest 
charge is itself less than one-third the average. It 
is noticeable that in the case of the Great Western, 
the London and North-Western, and the Midland, 
the charges per engine under this head are exactly 
identical, 

Under the head of running expenses we find that 
in the matter of wages the most favourably situated 
line is the Great North of Scotland, while that holding 
the least favourable position is the North-Eastern. 
This latter fact: we should be inclined to attribute to 
the large proportion of goods-train mileage on that 
line, as the mean speed of goods trains being far lower 
than that of passenger trains, the cost of driver and 
firemen’s wages per mile becomes increased in an 
approximately inverse ratio, This view of the case 
is borne out by the fact that in the case of the Lon- 
don, Brighton, and South Coast, the London and 
South-Western, and South-Eastern. railways—lines 
on which there is a small proportion of traffic 
—the cost of wages per mile is below the average, 
notwithstanding that the districts in which they are 








situated are those in which the highest prices are 
paid for labour. 

As regards coal and coke, we find the cost per 
train mile lowest on the Great Western and highest 
on the South-Eastern, the geographical differences 
in the positions of these two lines no doubt largely 
affecting this result. To institute a fair comparison 
of the various lines under this head, further informa. 
tion is, however, as we have already stated, wanting. 
The average cost of fuel per engine per annum, 
however, namely, 191/., reminds us of a point to 
which we have directed attention on former occa- 
sions, this being the small expenditure which it is 
justifiable to incur on a locomotive with a view of 
effecting a saving of fuel. Of course, with the 
increase in the price of coal, the sum which may be 
profitably expended to secure a given saving is 
increased also, but even now if by doubling the cost 
of a locomotive we could do away with the use of 
any fuel at all the expenditure would not be re- 
munerative. As we have pointed out on former 
occasions, any improvement on a locomotive ought 
to pay at least 15 per cent. on its cost, namely, 
10 per cent. for depreciation, and 5 per cent. for 
interest, and taking this as a basis, we find with the 
present fuel expenditure it would not be justifiable 
to incur an extra cost of more than 127/. per 
engine to save 10 per cent. of fuel. If, morever, the 
addition consists of something that will involve a 
greater allowance for depreciation than the engine 
as a whole, the justifiable expenditure will become 
still further reduced, In this respect a locomotive 
differs greatly from a stationary nee working, 
say, ten hours per day, and still more from a marine 
engine, in which latter case a very large expen- 
diture is justifiable to effect a comparatively small 
saving of fuel. If we assume the average size of 
locomotive driving wheels to be a little over 
5 ft. 6in., so that they make, say, 300 revolu- 
tions per mile, we shall find the average yearly 
mileage corresponds to 5,380,200 revolutions ; andif 
we further take the average stroke as 2 ft., and com- 
pare the above annual performance with that of a sta- 
tionary engine running at a piston speed of 400 ft, 
per minute, we shall find that it corresponds to but 
about 90 days working at 10 hours per day. 

Turning now to the expenditure in repairs and 
renewals, we find that this expenditure per engine 
per annum amounts to 242/., or more than the cost 
of fuel. It is, as we have observed on former oc- 
casions in this item that we see the greatest chance 
of a further economy in locomotive working. 
Already the large employment of steel for tyres, 
axles, &c., has done much in this direction, ation 
our chief railways steady progress is being made by 
the adoption of improved modes of construction, and 
the introduction of the system of making the de- 
tails of as many classes of engines as ible 
thoroughly interchangeable. Great as is the ad- 
vance already made in this direction on some lines, 
however, much more remains to be done on railways 
generally, while even on the lines which stand best 
in this respect a material further pro may still 
be expected. Improvements are steadily being made 
in the quality of the constructive materials at the 
command of the mechanical engineer, and we con- 
sider that in no way can a locomotive superinten. . 
dent better hope to attain economy than care- 
fully watching for and remedying: faults in the 
constructive details of his engines and by availing 
himself promptly of such improved materials as will 
enable him to secure that durability of parts which 
is so greatly to be desired in a locomotive engine. 





TECHNICAL EDUCATION. 

We have heard a good deal lately of a Central 
Technical University, to be located on the Thames 
Embankment and supported by the City guilds. 
The various companies have held meetings and a 
good deal of breath has been _ in discussing 
the matter. Various ee ve been started, 
some more impracticable than the rest, but all im- 
practicable, e are, therefore, pleased to see that 
the Drapers’ Company have really made an effort 
to set on foot a scheme which may hereafter de- 
velop into a technical university, supposing such 
an institution to be at once practicable and neces- 

‘They have just voted a sum of 1000/. to the 
Society of Arts on the eondition that the Society 
will expend the money in providing courses of lec- 
tures to artisans on two selected subjects, those sub- 
jects veing Srv, working in metal ; second, working 

wood. We must admitthatthe Society has nosimple 
task beforeit. It will be easy to waste the money in 
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getting up series of utterly useless lecturesand equally 
easy to waste it in teaching workmen, what they 
already know a great deal better than any lecturer 
whois likely to befound, howto aaron s e various 
processes which they spend their lives in working 
at, Yet there is a sort of medium course, and if 
the lectures are carefully selected, and their sub- 
jects well chosen, these lectures may accomplish al) 
that any such teaching can do. They can inculcate 
a knowledge of general principles, show the work- 
man the theory and the rationale of his work, inform 
him as to the materials with which he deals, provide 
him with at least an outline of the scientific princi- 
ples which underlie all handicraft. This lecture- 
teaching can do, and here is abundant room for useful 
work, It is a common observation with those who 
frequently have under their notice the inventions 
made by working men, that such inventions, however 
ingenious, show a considerable ignorance of first prin- 
ciples, and an utter want of familiarity with the work 
of those who have devoted their attention to the same 
subject. Besides, the natural tendency of the 
factory system is to concentrate the worker's at- 
tention on a single small detail in a manufacturing 

rocess. He isnaturally apt to ignore all that goes 

efore and all that follows. Perhaps it is this 
obvious tendency of the use of machine tools, and 
the extended division of labour, to deteriorate the 
worker, that has given rise to the demand—often 
somewhat meaningless—for the counteracting in- 
fluence of ‘technical instruction.” There is un- 
luckily no question that in too many instances our 
anidinctaring supremacy is rather sharply menaced 
by the competition of educated American and Con- 
tinental workmen. How this difficulty is to be met 
it is far from easy to say. If the Society of Arts 
will make a careful use of the funds so liberally 
placed at-its disposal, it ought to do a real public 
service. If it tries to do too much, it will fail, but 
if it confines itself to the useful, but not very exten- 
sive field which can be occupied by lectures, it may 
do good work. As to its finding an audience for 
the lectures, of that we have little doubt. Working 
men are ready enough to avail themselves of any 
opportunity for instruction. They flock to Jermyn- 
street to hear the lectures at the School of Mines, and 
they will go to the Adelphi if they can get what they 
want there. 

On the whole we think the subjects are wisely 
limited, and yet not too closely so. It will be 
better to provide a scheme of teaching which may 
be useful to members of ya | trades, rather than 
to devise special courses with reference to special 
trades. London is not, like Leeds, Sheffield, or 
Manchester, the centre of one or two great manu- 
factures, and we certainly expect that general 
courses of lectures, available for all mechanics who 
deal with the materials specified, will be better than 
lectures adapted to particular trades alone. Anyhow 
the experiment is an interesting one, and one which 
we shall watch not without some hopeful expecta- 
tion, 








DIVISIBILITY OF THE ELECTRIC 
LIGHT. 

Ir appears to have been demonstrated by recent 
experiments, that the ingenious candle-like —- 
ment for the electric light, devised mer by M. 
Jablochkoff, may replace the regulator with advan- 
tage, and also that it is possible to obtain by this 
means several luminous centres with only one source 
of electric currents. Some of the principal halls at 
the Louvre have been, for a time, lighted in tbis 


way. 

The ater continuity of the light, along with 
the production of several luminous centres, was seen 
to be due to the action of the current on the insu- 
lating matter interposed between the carbons. The 
voltaic arc fusing this substance, an easier 
is afforded for the current than if the insulator were 
in a solid state. Experiment has shown that, with 
a machine current of certain tension, the distance 
this current can pass over in this sort of liquid con. 
ductor becomes sufficient to allow of a ot 
tively 1 number of luminous centres bein 
ye A gy as many as eight of the “ candles” 
have been kept burning at once in the circuit of 
only one machine with alternate currents of the 
most common type. 

M. Jablochkoff was led to study the effect of sparks 
— by a current of great tension on refractory 

ies, and in the course of his experiments he in- 

troduced into the central circuit of a machine the 


= so as to have a graduated series of luminous 


the spark of the induced current pass through a 
plate of kaolin placed between the two ends of the 
exterior wire of each coil, Though the current had 
not intensity enough to fuse the kaolin, it heated 
it to incandescence. The current was then sent by a 
more conductive sort of priming put on the border 
of the kaolin neg The part of the plate thus 
heated gives a line which becomes a very resistant 
conductor, and which, on passage of a current of 
strong tension, reddens to white, giving a beautiful 
light. The consumption of kaolin is very slight, 
about 1 mm. per hour in the bright part. 

The result thus obtained between the two ends of 
the wire of the coil is a magnificent Juminous band, 
which may attain a length much greater than the 
ordinary induction spark. But this luminous band, 
unlike the induction spark, is a permanent centre 
giving a light as soft as, and more steady than, any 
light known, electrical or other. Its power depends 
merely on the number of the turns and the diameter 
of the wire in the coil used. Asa great number of 
coils can be placed in the circuit, and as, for each 
coil, a band of kaolin of suitable length may be 
divided into several sections giving light separately, 
a complete divisibility of the electric light may thus 
be realised. MM. Denayrouze and Jablochkoff 
have easily obtained fifty luminous centres of 
variable intensity. In the experiments referred to 
the authors arranged the intensities of the different 


ands, the weakest [of which gave a glow equal to 

ne or two gas burners, while the light of the 

trongest was as much as from fifteen burners. 

Employing alternate currents, the interrupter 
and condenser of the coils may be suppressed ; the 
total system of distribution of currents is then re. 
duced to a central artery represented by the series 
of interior wires of the coil, from which branch out 
as many distinct conductors as there are coils in the 
circuit. Each luminous centre is then perfectly in- 
dependent, and each may be extinguished or lighted 
separately. The distribution of electricity in a 
building then becomes similar to the distribution of 
gas. In the special workshops MM. Denayrouze and 
Jablochkoff have constructed the large spaces are 
lighted by the candles and the offices and corridors 
by the luminous bands. The apparatus for lighting 
small places is of striking simplicity; a simple pincher 
merely is required, holdinga plate of porcelain, which, 
with a length of 1 centimetre, will burn all night. 
Altogether the experiments above referred to, and of 

which an account has appeared in the Comptes Rendus, 
possess special interest, and they appear to point to 
a mode in which the electric light can be made far 
moregenerally available than was previously possible. 
The system is, we understand, being developed in 
this country, and under these circumstances we shall 
probably have more to say about it shortly. 





THE SEWAGE QUESTION. 

Tue Council of the Society of Arts commenced 
last year a series of conferences which it is proposed 
to repeat annually for the purpose of elucidating 
opinions, and collecting facts in respect to the health 
and sewage of towns. The second of these confer- 
ences was held on the 4th and 5th instant, and the ar- 
rangements at each meeting were admirably calcu- 
lated to further the object in view. Information was 
asked direct from the authorities of all the leading 
towns in respect to their population, death-rate, mode 


cognate matters. The replies were printed and issued 
to each person who attended the conferences, 
together with original papers dealing generally with 
sanitary questions, and the various schemes for 
treating sewage. ‘The contributors of these were 
invited to extend their statements at each meeting, 
at which local authorities, medical officers, engineers, 
chemists, and others were present in large numbers, 
besides manufacturers from every important district. 
Hence the Council adopted every possible means of 
advancing knowledge on sanitary matters among all 
classes interested in the subject. 

The meeting held last week was presided over by 
Mr. Stansfeld, the President of the Local Govern- 
ment Board under the late ministry. In com- 
mencing the proceedings he briefly recapitulated the 
result of last year’s conference. The conclusions 
then arrived at were, in the first place, that under 
certain favourable conditions a sewage farm, if 
properly conducted, was apparently the best 
method of disposing of all water-carried sewage. 
At the same time it was considered that there were 


of drainage, methods of sewage treatment, and other | Mr 


subsidence, precipitation, or filtration. It was 
considered, next,, that in towns where the water- 
carried system was adopted, a rapid flow, thorough 
ventilation, proper connexion between the house 

ins, pipes, sewers, and their maintenance in an 
efficient condition, were absolutely n with 
regard to health. [n regard to the earth and other 
dry systems of dealing with the excreta, such were 
very often satisfactory if properly carried out in 
special localities, and lastly it-was resolved that the 
old privy 2 parone should be prohibited by law. 
But the final result of the deliberation of the con- 
ference of last year was, that no one system of 
sewage treatment could be adopted for universal 
application inasmuch as different localities require 
different methods. Had this conclusion been ar- 
rived at years ago, an immense amount of money 
would have been saved and the settlement of the 
sewage question greatly advanced, instead of its 
being at a standstill as it is to this day. 

At the meeting held on the 4th and 5th instant, 
the subjects appointed for discussion were: 1. Dry 
systems; 2. Water-carried sewage; 3. Escape of 
sewage gas into dwellings ; 4. Discharge of sewage 
into the sea; and 5. Additional facts to those stated 
in the report of the Local Government Board on 
“ay of sewage. 

e list of towns having been read, gentlemen 
connected with them were invited to add to, 
or explain the information already afforded in 
regard to the several sanitary questions above 
named, Nearly the whole of the first day’s 
conference was occupied by the discussion of the 
comparative value of the Goux system and the 
Rochdale method of dealing with human excreta. 
By the Goux plan these are received in a pan lined 
with an absorbent material, the pan being removed 

riodically, and the contents either dried or sold 
in the wet state to the farmers. Mr. Pollard, of 
Halifax, described the working of the Goux system 
in that town, and expressed an opinion strongly in 
its favour, It should be remembered that Halifax 
is peculiarly situated. From the contour of the 
surrounding country it is impossible to get land for 
irrigation, and not only so, the midden system 
is almost indigenous to the place. However, during 
the discussion considerable difference of opinion 
was — in regard to the efficiency of the 
Goux plan. Dr, Lyson, of Salford, spoke strongly 
in its favour, adding his opinion that this plan of 
treatment had very much mitigated an outbreak of 
small-pox in the town. Dr. Haviland, the medical 
officer of health for Rutlandshire, Buckinghamshire, 
and Leicestershire, stated that he had 365 towns 
and villages under his inspection, and was highly 
in favour of the system, and of the dry method 
generally, 

The Rochdale system was energetically advocated 
by Alderman Taylor of that town. The plan consists 
of the systematic collection of the excreta and the 
dry house refuse at short intervals, in tubs of special 
construction, the provision of separate tubs for the 
excreta and the ashes, the careful arrangements for 
the transport of the excreta to the depét without 
smell, by the adoption of an air-tight lid to the 
pails, and the use of vans with india-rubber bands 
round the doors. 

The Rochdale authorities found some difficulty in 
disposing of the products of the above plan, and 
after trying various methods which were more or 
less failures = adopted a machine constructed by 

. Firman. The primary object of this machine 
was the drying of blood, slaughter-house offal, and 
fish scraps. But a machine was made to dry the human 
excreta, and several trials of it in last January have 
led the Rochdale authorities to construct a larger 
one which will be got to work next June, and it is 
expected that it will be capable of drying about 
twelve tons in twenty-four hours. 

The remainder of the first day’s conference was 
chiefly spent in a conversational di ion, dusing 
which many opinions were offered, but no new facts 
disclosed in regard to the various dry systems. 
The eral conclusion was that they were only 
capable of —. in certain localities, especially 
small towns and vi . 
The meeting on the following day was of more 
neral interest. A paper was summarised by Mr. 
Redgrave on the subject of pail inage. The 
question of the escape of sewer gases into Ywellings 
was commenced by Mr. Field, who submitted a plan 
for its prevention, which was generally approved of 
by the meeting. In reference to the subject 
A. Churchill stated that he had tried in his own 








interior wire of a series of induction coils, and made 





various good methods of dealing with sewage, as by 





house Mr, Field’s plan, with an improvement of his 
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LOCOMOTIVE WORKING EXPENDITURE (see page 365). 


“CoMPARATIVE TABLE OF THE OrpINARY LocoMOTIVE WORKING EXPENDITURE ON THE UNDERMENTIONED RAILWAYS. 
(Not rnciupine Special EXPENDITURE, Buripines, STaTronaRy ENGINES, INCLINES, &C.) 








































































































Year ending December 31, 1876. 
RAILWAY EARNINGS, EXCLUSIVE 
ToraL TRAIN Mizeace, Own ENGrNzs, oF RENTS, SYE,NBOATS, rears EXPEN- 
. CANALS, &0. BE, 
a3 ay | aa | gee 
COMPANY. 4 : J 3 ES Be EE : ; 3 
im : Pm 
F & g See. 8 iS 3 2 E z 8 
; 3 & fa b 
sae 3 g ss38 8 f 4 ms 3 | 
3 5 | gesa | GS | Ze | sds sd 
fe) So a = ae io < .) i Yj 
£ Eo 
Caledonian fe Se ie ee 6,506,177 | 10,852,857 642 848 16 10,852,857 | 16,905 905,175 | 1,798,184 | 2,698,309 364,608 | 13.5 
Glasgow and South-Western woe ose | 1,654,089 2,370,713 | 4,024,752 255 335 .76 4,024,752 | 15 783 369,943 | 611,278 981,221 132,440 | 13.5 
Great Eastern és) ot ae >. ERED 3,895,860 | 10,301,548 485 906 54 10,301,548 | 21,240 1,294,036 2,554, 403,785 | 15.8 
Great Nortbern ee ee eee eS 6,498,397 | 12,331,921 564 5938 94 12,331,921 | 21,865 1,239,704 | 1,675,169 |” 2,914,873 415,220 | 142 
Great Northern ofIreland ...  ... ... | 1,885,000 782,190 | 2,167,190 117 471 25 2,167,190 | 18,623 $17,214 2,153 589,367 15.2 
Great North of Scotland ..0 0. es 570,748 491,244 | 1,061,992 55 286 19 1,061,992 309 132,442 | 134.792 267,234 28,885 | 10.8 
Great Southern and Western vee wee | 1,526,359 142 .29 486,694 | 17,512 371,766 | 365,519 787,285 228 | 13.2 
Great Western ... —... vss sss nae | 12,158,899 | 13,440,379 | 25,599,278 1,456 2,119 .69 25,599,278 | 17,682 3,178,604 | 3,717,302 862,398 | 12.5 
Highland (year ending August, 1876) ... 710,000 624,996 334, 67 17 1,834, 19,925 , 138, 805,797 44,597 14.6 
Lancashire and Yorkshire .. ... ss» | 5,712559 6,634.287 | 11,346,846 673 439 1.53 11,346,846 | 16,860 1,423,432 | 2,117,368 | 3,540, 498,588 | 141 
London, Brighton, and South Coas w+ | 5,076,910 1,046,617 | 6,123,527 277 356 .78 6,123,527 | 22,107 1 428,832 | 1,718,896 244,476 | 142 
London, Chatham, and Dover coo owe | 9,884,2 544,964 3,079,224 146 156 94 850,417 19,523 681,722 | 204,419 886,141 359 | 16.8 
London and North-Western... ... «+» | 15,417,736 16,856,023 | 32,273,759 2,035 1,709 1.19 $2,273,759 15,859 3,714,899 | 5,412,368 | 9,127,267 1,210,568 13.3 
London and South-Western se | 6,065,139 2,504,367 | 8,569,506 351 7038 50 8,569,506 | 24,414 1,434,867 | 694,990 | 2,129, 809,283 | 14.5 
Manchester, Sheffield, and Lincoln., ... | $252,607 4,131,558 | 7,384,165 386 422 91 7,384,165 130 011 | 1,059,522 | 1,504,533 168 112 
Midland ... 1. ss ase, awe oes | 8,858,084 | 14793,512 | 23,651,546 1,259 1,319 95 23,651,546 | 18,786 1,955,674 | 4,134, 6,090,010 ? 14.9 
Midland Great Western... ss | 1,013,987 627,421 | 1,641,358 95 415 .23 1,641,358 | 17,277 076 | 249,217 59,170 | 12.9 
North British wn? ehh sth, = ae 4,624,326 | 8,414,453 460 851 54 8,414,453 | 18,292 852,592 | 1,830,642 | 2,183,234 288,136 | 13.2 
North-Eastern ... soe sss nee sone | 7,698,951 | 13,870.423 | 21,569,374 1,348 1,412 95 21,569,374 | 16,001 1,768,656 | 4,551,118 | 6,819,774 | 1,046,716 | 16,6 
North London ...  .... se see one | 1,626 852 313,900 | 1,940,752 63 17 4.00 1,668,280 | 24,533 253,658 880,264 72,715 | 19.1 
North Staffordshire... 0.1. ase ve 879 539 800,450 | 1,679,989 122 200 61 1,679,989 | 13,770 170,129 | 870,352 540,481 77,008 | 143 
South-Eastern...  ... soe ase owe | 8,829,188 951,264 | 4,780,447 267 831 8L 4,780,447 | 17,904 1,359,449 | 485,208 | 1,794,652 214,137 | 119 
Totalsandaverages ... ws. ++» |100,346,771 | 102,269,403 | 202,616,174 | 11,270 14,778 .16 202,114,895 | 17,934 [23,534,959 |31,084,079 | 54,619,038 | 7,674,741 | 14.1 
ORDINARY (GROSS) LOCOMOTIVE EXPENDITURE. 
Running ExPENSES, REPAIRS AND RENEWALS.* 
Salaries, Office Gross Total, 
Expenses, and Ordinary Expen ii- 
Superintendence Wages. Coal and Coke. Water. Oil, Tallow, ae. | Tot#! Bunning Wages. Materials, | tal Repairs and care. 
Expenses. Renewals. 
COMPANY. 
- 

é “ 6 © 6 o ¢ 7 é 5 
els] ¢ BE) ¢ (PE) ¢ (BE) ¢ RE] a (RED ¢ lB) e EE) « Be Be 
ede FAR Fal EARS! § Aral € Ae 8 las) 8 ARs Bla al & 2 
Ez = -<— "] —— a aS i a _ —— =] . - a Ss a Ae os 
S leis) 2 |e i883] & |e \s8) 2 |e ise) 2 Sea) & |S iEal 8 le isa) g [Sisal § |S isa) a eB 
2 |, 214) 2 Salat &@- 124214) B62) 6 hd. 66 1-O1e}) Se JAA Les. 6 1.4646 1548.-1 8 4s...6 1614 61 ee 

Caledonian dill 3,433 } 5 | .07] 123,831] 193] 2.74] 84,162] 131/186) 9,752] 15 | .22] 19,585| 81 | 43 | 287,280/370 [5.25] 62,986] 98 |1.39] 71,298|111 |1.58] 134,284/209 |2.97] 375,002] 584) 8.29 

Glasgow ou 

Western... ...| 1,639 | 6 | .10] 43402] 170/2.59| 35,447] 139] 2.11| 3,686] 14 | .22| 5719) 23|.34 | 88,254'346 |5.26] 22,676] 93 1.41] 21,606] 85 |1,29] 45,282|178 |2.70] 135,175) 530) 8.06 

Great Eastern ...! 6,593 | 14 | .15] 114,072) 235) 2.66) 126,326] 261) 2.94) 11,302) 23 | .26| 20,454) 42 | 48 | 272,164/561 |6.34] 75,016/154 |1.75) 49,968/103 |1.16] 124,978|257 |2.91] 403,735) 832) 9.40 

Great Northern ..| 7,210 | 11 | .14] 130,191] 231) 2.53] 128,943] 229) 2.51) 10,802] 19 | .21| 20,100] 36 | 39 | 290,036)515 |5.64] 65,710|L17 |1.28] 65,765)117 |1.28| 131,475/234 |2,56] 428,721] 760| 8.34 

Great Yorthern 

at Ireland » 1,214°| 10 | 14] 17,903) 153/1.98| 34,413) 294) 3.81] 1,757) 15 | .19] 3,266] 28 |.36 | 57,837/490 |3 84] 12,578/108 |1.39] 19,670|/168 |2.18| 32,248/276 |3.57] 90,799] 776) 10.05 
reat ort 0! 

Seotland ... “. 592 | 11] .18] 7,547] 187/ 1.71] — 8,65¢] 157] 1.96 88} 2/.02| 1,864] 84/.49| 18,155/330 |4.11] + 3,953/ 72 | 89] —6,185/112 |1.40] 10,138|184 |2.29] 28,885] 525) 6.53 

treat Southern 

Western... 3,994 | 28 | :88] 22,638] 160/2.19] 32,004] 225] 3.09] 2,007; 14 | .19| 3,567 25 |.34 | 60 216/424 [5.81] 14,787|104 |1.43] 18,230/129 |1,76] 33,017|283 |3.19] 97,227] 685) 9.38 

Gross Western ...| 28,064 | 16 | .22] 274.265) 188) 2,57] 191,634] 131) 1.80] 23,554/ 16 | .22| 27,498] 19 | 24 | 516,951/354 |4.85] 215,432/148 |2.01 | 130,122] 89 |1.22| 345,554/287 |3,23] 885,569] 607| 8.30 
ghlan (year 

ending Aug.,1876) 1122 | 17 | .20] 11,013] 164) 1.98) 14,666} 219] 2.64 725| 11 | .18| 3,024] 45 |.54 | 29,426/439 [5.29] 6,284) 94 |1.13|  7,765|116 |1.40] 14,049/210 [2.53] 44,597] 666) 8.02 
ncashire an 

jrorkehire nto” 6,563 | 10 | .14] 158,811] 236) 3.36] 123,722] 184] 2.61) 12,444| 18 | .26| 29,049] 43 | 61 | 324,026/481 |6,84] 96,184/143 |2.04] 96,646/144 |2.05| 192,830/287 |4.09] 523,419) 778) 11.07 
ndvun, ghton, 

at South Comm... 2,432 | 9 | .09] 65,462) 237) 2.57] 94,575) 341/3,71| 5,916] 21 | .23| 11,629] 42 |.46 | 177,582/641 |6,97] 27,149] 98 |1.06] 37,312/185 |1.46] 64,461/233 |2.52] 244,475] 883) 9.58 
ndon, atham, 

at Dover, Nori 2,478 | 17 | .21] 32,977] 226] 2.78] 46,225] 317| 3,89| 3,948| 27 | .88| 5,829] 36 | 45 | 88 479/606 |7.45] 29,510/202 2.49] 18,703/128 |1.57| 48,218/380 |4.06] 139,170] 953) 11.72 
ndon an ort 

eee oe nail’ 33,187 | 16 | .25] 424,478] 209| 3 15| $11,60¢] 153] 2.32] 13,682| 7 | .10| 42,945| 21 |.82 | 792,711/390 |5.89] 173,935) 85 |1.29| 196,986] 97 |1.47] $70,921|182 |2.76]1,196,819] 588) 8.90 
ndon an uu! = 

a Shei. 2,854 | 8 | 0S] ~ 88,812} 953|2.49] 101,228] 288) 2.84; 4.473) 13 | .12| 21,935] 62 |.61 | 216,448/616 |6.06] 58,469/167 |1.64| 56,741/162 |1.59| 115,210/329 |3.23] 334 512] 953) 9.87 
anchester, er-; ee 

field, and Lincoln} 6,809 | 18 | .22]-° 87,655] 227|2.84) 71,870] 186|2.34/ 4,487/ 12 | .15| 14,013] 36 | .46 | 177,925/461 |5.79] 56,718/147 |1.84| 51,400/133 |1.67| 108,113/280 |3.51] 292,847] 759| 9,59 

Midas as 20,769 | 16 | 21] 826,612] 260) 3.31] 255,908] 203) 2.60) 21,002] 17 | .21| 48,338} 30 |.39 | 641,860/510 /6.51] 145,750|116 |1.49] 177,151/141.|1.80| 322,901|257 |3.29] 985,530) 783) 10,01 
an Teat 

Western...  ...| 759 | 8 | .11] 13,467] 142/197] 18,952] 200| 9.77 694} 7 | 10] 2,652) 28 |.89 | 35,765)377 |5.23] 12,308/129 |1.80/ 10,338/109 |1.51) 22,646/288 |3.31] 59,170) 623) 8.65 

North British ...) 1,742 | 4] .05] 92,040] 200/2.63] 67,710] 147| 1.93) 5,368] 12 | .15| 18,420] 29 |.38 | 178,538/388 [5.09] 47,963/104 1.37] 56,470/123 |1.61| 104,453/227 |2.98] 284,713] 619| 8.12 

NorthEastern ,,.| 16,348 | 12 | .18] 304,807} 226| 3.39] 274,886] 204] 3.06] 21,905/ 16 | .24| 48,150| 36 |.64 | 649,748|482 |7.23] 222,641|165 |2.48| 171,010|127 |1.90| 393,651/292 |4.38]1,059,747| 786| 11.79 

North London...) 2,152 | 31 | 81] 21.472) 316)3.09| 26,207} 385] 3.77)  1.627| 24 | 23] 4,050] 60 |.58 | 53,856/785 |7.67] 8,612/127 |1.24] —8,664)127 |1.25| 17,276|254 |2.49] 72,784|1070) 10.47 

North Staffordshe.| 1,269 | 10'| :18] 22,787] 187}3.25| 20,521) 168}2.98] 1,378| 11'|.20| 5569| 46 |.80 | 50,255/412 |7.18] 16,960/189 |2.42] 14,749/121 |2.11] 31,709|260 |4,53] 83,233) 682) 11.89 

South Eastern 5,701 | 21 | 29] 54,289] 203) 2.72] 81,422] 305] 4.09] 4924] 18 | .25| 10,318} 39 |.52 | 150,953/565 |7.58] 26,871/101 |1.85| 30,612|115 |1.53| 57,483/216 |2,88] 214,187) 892) 10.75 

Totals & averages| 151,929 | 13 | .18]2,498,429| 216| 2.9012,151,091| 191| 2.65| 165,521| 15 | .20| 352,424| 31 [2 s,107,468 453 |6,07]1,403,486)125 |1.67 |t,317,386|117 |1.56|2,720,8721249 |3.23 17,980,266] 708| 9.48 

























































































* These items include new stock charged to revenue to replace that worn out. 
Nots.—The number of engines and the number of miles of line worked, as shown above, are, respectively, the mean of the figures for December, 1875,and December, 1876. 


own, which had turned out successful. Sir H. Cole 
dwelt upon the importance of the question, and 
cited cases of Government offices in which sickness 
and even death had resulted from bad drainage, 
although the buildings were of very recent con- 
s'ruction, and erected at enormous expense. Various 
papers were read in regard to the treatment of 
sewage, and other matters relating to sanitary 
questions. At the close of the proceedings the 
chairman reviewed the topics of the two days’ dis- 
cussion, and defined the two necessities of town 
drainage to be flushi ig and tilation. For the 
next year’s discussion he. recommended that the 
legal aspect of sanitary questions should be taken 
up, 80 that the difficulties now-attending the power 
of putting the Acts of Parliament into operation 
might be considered. 








Such is a brief summary of the conferences. In 
another article we propose to analyse some of the 
papers contributed, and to notice some novelties 
that were shown at the Exhibition of Sanitary Ap- 
pliances in the lower hall of the place of meeting, 
and which attracted much attention. 








QUADRUPLEX TELEGRAPHY. 
Tue meeting of the Society of Telegraph Engineers 
of the 11th ult, was devoted to the complex question 
of duplex and quadruplex working. In England, we 
believe, the latter system has not progressed beyond 
the region of experiment, but according to the 
aper which Mr. G. B,: Prescott: has laid before the 
iety quadruplex telegraphy has been an estab- 
lished fact in America since 1874, 





The art of duplex working, as is now pretty 
generally known, consists in passing the sending 


-current through the receiving instrumént at the 


sending station in such a manner that it shall by 
means of an artificial circuit, divide itself equally 
between this artificial outlet and the line circuit; 
when the current thus divided operating the instru- 
ment at the sending station in opposite directions 
produces no evident effect upon it, which therefore, 
so long as the equilibrium is maintained, stands 

repared to receive, But a eurrent from, or any 
a ara of the resistance at the distant station, 
will at once disturb this equilibrium, and the instru- 
ment at the sending siotes will then be operated by 
its own current. us the apparatus required for 
duplex working, although naturally of a slightly 
more complicated character than that for only 
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direct single working, is by no means of a very 
complex c' r. 
hen, however, we come to the question of 
quadruplex much of the simplicity of the duplex 
vanishes. In the latter, A is working to B at the 
same time that Bis working to A; but with the 
former we have to provide A with a means of work- 
ing two distinct and independent instruments at B 
at the same time that B is ae two equally 
distinct instruments at A.* Duplex working of 
course forms a part and portion of quadruplex 
working—that is, the apparatus at either end is so 
arranged that it is not affected by the outgoing 
current so long as the electrical balance is observed, 
and this is s0,no matter what the force of the sending 
current, or in what way it varies as regards polarity. 
It is when we come to the question of receiving that 
the complication which attaches to the quadruplex 
system enters. To produce independent signals on 
two independent instruments, we must have two 
independent methods of signalling at work. If 
currents of a different potential—say, one giving a 
force of 5, and another of 10, be employed, thé two 
recording instruments may be so adjusted that only 
one shall be operated by the weak current, whilst 
both would be operated by the stronger. But in 
order that these two forces may not vary, it is 
necessary that the stronger shall be dependable 
upon the weaker current; that is, that it shall be 
produced by adding so much to the weaker. Thus, 
then, the weaker current must be constant. This is 
so—the weaker current is permanent, and the 
stronger current is obtained by adding to it at will. 
The former is manipulated at the sending station 
by a reversing key which, in its position of rest, 
ses, we will assume, a zinc current into the line, 
ut when pressed down for signalling, a copper 
current. The latter, the increased current, is ope- 
rated by an ordinary single-current key, which when 
at rest in no way influences the current passing from 
the reversing key, but which when pressed down to 
signal, opens an additional battery circuit, so that at 
that time, and for the time the single-current key 
is pressed down, the current manipulated by the 
reversing key, whether a positive or a negative 
current, is at the time passing to line, increased 
by the additional battery power thrown into the 
battery circuit. The reversing key operates one 
instrument at the receiving station, and the single- 
current key the other. It will be observed that 
actually the latter simply increases or reduces the 
current which is manipulated by the former. 

The receiving apparatus consists of two recording 
instruments; one worked from a polarised relay 
by the reversing key, the other direct, or from a 
non-polarised relay by the increased current brought 
into play by the depression of the single-current key. 
The former is adjusted so that it shall work 
with the weaker current; the latter only with the 
stronger current, But beyond this the former is 
only operated so as to produce a recording signal by 
the copper current, whilst the latter, not being under 
the influence of a polarised relay, is independent of 
the polarity of the current and emits its recording 
signal whenever the current is strong enough to 
operate it. 

The receiving instrument first referred to is of the 
ordinary double-current principle, and presents no 
feature of difficulty, Itis simple and easy of adjust- 
ment, But thisis not quite the case with the second 
or non-polarised instrument, In its adjustment for 
receiving there is no difficulty, but whenever the 
polarity of the current is changed a break occurs 
which disturbs the signal. It is here that the 
difficulty of quadruplex working is met with, and it 
is the manner in which Mr. Prescott, in conjunction 
with Mr. Edison, another American electrician of 
eminence, has overcome this, that he has been able 
to bring it within practical limits, But it is only 
done by the introduction of specially arranged local 
relays and condensers, so adjusted that the one 
acting upon the other is able te reduce this break 
by prolonging the one current urtil the other is able 
to assert itself. This portion of the apparatus is 
complex and cumbersome, and requires moreover 
experience and judgment in manipulation of no 
ordinary character. ‘Those who may wish to examine 
it more fully, will find it dealt with in Mr. Prescott's 
new work on ‘ Electricity and the Electric Tele- 
graph,” and we hope at some future occasion to be 
able to lay before our readers an illustrated and 
complete description of it, 

we may judge from Mr. Prescott's paper, not 





only has quadruplex working been fully established 
in erica, but it has even advanced so far, that 
translation from one wire to another is incorporated 
with it, In this way New York is enabled to c 

on four distinct communications simultaneously wit 
St. Louis, a distance of about 1100- miles, by means 
of a quadraplex translator at Pittsburgh, and with 
Chicago, 1000 miles, by means of a translator at 
Buffalo. It is stated that the Western Union Com- 
pany have the quadruplex in use upon no less than 
thirty circuits, and the duplex upon forty circuits, 
embracing in all 21,917 miles of wire. Various 
combinations of circuits are made by use of the 
duplex and quadruplex apparatus ; for example, the 
Boston and Buffalo wire is 550 milesin length. A 
set of translators is fixed at Albany, 200 miles from 
Boston, and 350 miles from Buffalo, and the wire is 
worked as follows: Boston sends to Buffalo and 
Buffalo sends to Boston. Boston sends to Albany 
and Albany sends to Boston. Albany sends to 
Buffalo and Buffalo sends to Albany, all simulta. 
neously, Similar arrangements are made with other 
wires in other directions. At Pittsburgh two sides of 
a quadruplex are connected with a duplex to Balti- 
more, and the other two sides with a duplex to 
Philadelphia. This enables Chicago on the main 
wire to Pittsburgh, to work duplex with Baltimore 
and Philadelphia. 

The importance of such a system cannot be over 
estimated. The only question which suggests itself 
amidst the complicated apparatus necessary to effect 
it is, whether the practical results obtained render 
it, with all its attendant expense in the way of 
experienced operators, expensive apparatus, and 
highly maintained wires, a commercial success? In 
the discussion which followed the reading of the 
paper attention was directed to this very point by 
one of the speakers, Mr. R. H, Kempe, who very 
properly pointed out that to estimate the value of 
such an invention it would be necessary to show 
the amount of work—that is the number of words, or 
number of messages—which it is capable of dispos- 
ing of in a given space of time? This Mr. Prescott has 
not done, and until some such statistics are forth- 
coming it will not be possible to estimate the true 
value of quadruplex working. An electrical and a 
scientific success none will doubt it, and to America, 
should its application become ‘general, will be due, 
as was the case with the duplex, the honour of 
having revived and brought to a practical issue that 
which hitherto has been but a scientific problem. 
At the present moment honour is being paid to 
American progress in electrical science in the persons 
of Mr. W. H. Preece, C.E.,and Mr. H. C, Fischer ; 
the one an engineering and the other a commercial 
officer, both of high position in the Postal Telegraph 
Service, who have been commissioned to personally 
investigate and report upon the progress of tele- 
graphy in America, and who have already commenced 
their labours. On their return to England we shall 
no doubt learn more of the practical advantages 
arising from quadruplex telegraphy. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change at Middlesbrough. Business 
was flatter, and the market closed weaker than it was the 
previous Tuesday. No. 3 Cleveland pig was quoted 42s. 
per ton, and other qualities were offered at proportionate 
rates. Very little was done. Although there does not 
appear to be any prospects of {early improvement, Messrs. 
Bolckow, Vaughan, and Co. are about to.blow in three 
blast furnaces at Eston, and three at Middlesbrough. The 
furnaces at Eston are intended to form part of the steel 
works which this great firm are laying down there. The 
fact of Bolckow, Vaughan, and Co. blowing in these 
furnaces is an indication that they intend to keep their 
extensive ironstone mines and collieries in operation in 
spite of the general depression in trade. We hear that 
three blast furnace establishments in the Cleveland district 
are for sale. Purchasers at present are difficult to find. 


The Finished Iron Trade.—Nothing transpires to vary 
the dreary monotony of the condition of the finished iron 
trade. Beople travelling by rail through the North of 
England can observe here and there silent idle iron works 
which appear to,be going to ruin. Works of this description 
soon rust, and they certainly have a melancholy aspect. 
There are too many of them in this condition in this district. 
Masters and men alike have been sufferers, and it is difficult 
yet to discern any silver lining in the heavy black cloud 
that still overhangs us. There is comparatively little work 
to do and prices are low. 

The Cleveland Ironmasters’ Association Returns.—The 
returns for April have just been issued. It appears that 
of 159 blast furnaces in the North of England 110 are in 
operation, and thereare three new furnaces in course of 
i is the greatest iro ing district in 


the United States of America, and is equal to the entire 
make of the United Kingdom. Only two or three years 
ago the enormous resources of the Cleveland district were 
taxed to the utmost to meet the demand for iron. This 
enviable state of things however has not existed for a con- 
siderable period, and people express gloomy views about 
the future. But thereare sanguine residents on the banks 
of the Tees who cherish a hope and belief that the time is 
not far distant when this district will again be working at 
the highest pressure, and that additional branches of the 
iron industry will be established here, where there are 
such natural advantages at hand. 

Engineering and Shipbuilding.—Messrs. Hopkins, 
Gilkes, and Co., of Middlesbrough, engineers, have 
obtained a large bridge order. Engineers generally are 
fairly occupied, and founders still have a good deal of 
work on hand. Shipbuilders on the Tyne, Wear, and 
Tees are kept going. 


NOTES FROM THE SOUTH-WEST. 

The Wild Swan.—The Wild Swan, 6, has made a trial 
of her machinery. The maximum indicated horse power 
developed was 830, and the mean of six runs 813. Steam was 
maintained at 60 lb. pressure in the boilers ; vacuum 25} in., 
and revolutions 80 per minute. The maximum speed at- 
tained was 11.4 knots, and the mean of six‘runs 10.6 knots 
per hour; mean draught of water, 14 ft. 8in. The engines 
were stopped, started, and reversed with facility, and the 
auxiliary engines worked satisfactorily. The main engines 
are of the simple expansive surface condensing type, of the 
same proportions as the Albatross class, indicating 720 
horse power. In the case of compound engines, the steam 

erated by almost identical boilers has been found ample 

or 900 horse power, and as much as 1020 horse power has 

been developed in the case of the Osprey. The Admiralty 

have given orders for the Wild Swan to be brought forward 
at once at Devonport for commission. 

Troop Boats.—Mr. White, of Cowes, has received a large 
order from the Admiralty for a certain class of troop-boats, 
and similar orders have En given to other firms. 








Penlee Point.—The propriety of having a bell-buoy fixed 
at Penlee Point, has been pressed upon the Trinity Board. 
It has been suggested that the fog bell at the breakwater 
might be mistaken for a buoy-bell at Penlee, but it is 
pointed out that it would be practicable to cause the sound 
of the one to differ greatly from that of the other. 


Boats for Landing Horses.—The Lords of the Admiralt 
have inquired whether ten boats for landing horses, whic 
are being built by Mr. Waterman at his yard at Millbrook, 
will be out of hand, according to contract, at the end of 
i. These jm 36 ft. long, ah _— _ 

ng stages for the purpose 0: ding horses from ships 
on a beach, or at a jetty alongside which vessels cannot 
go. Their cost is 2501. each. It is doubtful whether the 
contract will be completed within the time specified, and 
Mr. Waterman has received a notification that a report 
must be sent from him to the Admiralty upon the subject. 


Dispersion of Wreck by Torpedoes.—On Tuesday the 
Mayor of Cardiff and other gentlemen proceeded in the 
steam tug Earl of Windsor to witness the comple- 
tion of the dispersion of the wreck of the Maltese 
barque Freres in Penarth Roads, part of which had 
been removed by the aid of torpedoes by Messrs. Newton 
Brothers, of Hull. The contractors have been work- 
ing with divers, &c., at the wreck since the 23rd 
ult. Strong prevailing east winds have been much against 
their operations, on account of the nasty cross seas which 
an easterly wind brings into Penarth Bay. Nevertheless, 
several destructive torpedoes were successfully fired last 
week, which displaced so much of the vessel that the frag- 
ments were strewn; thick all over the bay, massive pieces of 
beams, timbers, planking, spars, &c., floating. up and down 
with the ebb and flow ti es, many of the pilots stating that 
they had great difficulty in keeping their cutters clear of 
wreckage. There being a small portion of the wreck on 
which at dead low spring tides shoal water was found, 
Messrs. Newton determined to remove all obstructions to 
the navigation, and pre; five powerful torpedoes which 
which were cha with tonite, which explosive the con- 
tractors find the best adapted for subaqueous works. The 
results of Tuesday’s operations were satisfactory, bringing 
to the surface huge masses of timber. Soundings were 
taken by a Cardiff pilot on board, which proved the depth 
of water over the site of the wreck to be from 4} to 5} 
fathoms at dead low water. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Parkgate Wagon Works, Rotherham.—A special 
meeting of the shareholders of this company has just been 
held to discuss the propriety or otherwise of selling the 
Parkgate Works. the course of the discussion it was 
stated that the new works at Sandi were so commodious 
that the Parkgate premises would no longer be required. 
Much of the machinery had been removed to the new 
place, and the old works had been offered to a probable 
purchaser for 90002. It was also stated that the liabilities 
on bills payable had been reduced since August last from 
27,0002. to about 13,0001. The meeting finally decided to 
sell the works for the sum named. 

The Aireside Hematite Iron Works, Leeds.—It is stated 
that the proprietors of the Airoside Hematite Iron Works, 
Leeds, have decided to damp down both of their blast 
furnaces for a considerable time, owing to the dulness of 





Water Supply of Mexborough.—The first meeting of the 
Mexborough Water Works mage wer we was held 
on Monday, and Mr. Tomlinson, engineer, a 
detailed statement as to his scheme. He stated that the 








© For fall description of duplex working, 
md, vol. xxii., page 470. PASS, con RN 


erection. Cleveland is 
the world, it exceeds the total production of the whole of 





water is to be obtained from some clay lands at the east 
end of the town, and that the reservoir will be placed in 
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such a position as to enable the highest houses in the town 
to be supplied. 


The Sheffield Tramways Extension.—During the past 
month, according to the report of the borough surveyor, 
1 mile 1 furlong and 40 yards of tramways have been com- 
pleted, making a total of 3 miles 7 furlongs and 40 yards 
of the new extensions on the Hillsborough section. 


The Proposed Purchase of the Sheffield Water Works 
by the Corporation.—It is now announced that the nego- 
tiations which had been entered into for the acquisition of 
the works of the Sheffield Water Company by the Corpo- 
ration have fallen through. 


The Strafford Main Colliery.—The Silkstone pit of the 
Strafford Main Colliery, South Yorkshire, has been closed, 
thus throwing 300 men out of work, in order that the shaft 
may os widened—an operation which will take at least six 
months. 








NOTES FROM THE NORTH. 
GLasaow, Wednesday. 
Glasgow Pig-Iron Market.—The local pig-iron market 
was steady last Thursday forenoon, with business done in 


warrants at 55s. 6d. to 55s. 44d., closing with buyers offer- | pape 


ing 55s. 5d., sellers asking 55s. 6d. There was a quiet 
market in the &fternoon, and prices improved somewhat, 
buyers offering 55s. 6d. and sellers acting Se. 7id. cash. 
Some firmness was also displayed on Friday forenoon, 
when a gool business was done in warrants at 55s. 8d. to 
55s. 7d. cash, the market closing with sellers at 55s. 7d., 
buyers offering 55s. 6d. The market continued firm in 
the afternoon, with business done at 55s. 64d. to 55s. 74d. 
cash, closing nominally buyers 55s. 6d., sellers 55s. 74d. 
As Monday was a bank holiday in Scotland, there was no 
meeting of the ‘‘ iron ring’ on ’Change on that day. When 
business was resumed yesterday forenoon a marked degree 
of flatness was very evident. Business was done in 
warrants at 55s. 3d. to 55s. cash and one month, the fore- 
noon market closing with sellers at the lower quota- 
tions, buyers offering 54s. 10$d. Flatness was likewise 
the rule in the afternoon, and business was done at 
54s. 9d. cash, closing nominally buyers over, sellers 
54s. 10jd. The market was steady this forenoon, when 
business was done in warrants at 54s 74d. to 54s. 6d., im- 
proving again to 54s. 74d. cash, at whichsellers remained 
—buyers offering the same price with one month to pay. 
In the afternoon the market opened quiet but steady, with 
business done at 54s. 7}d. cash, closing nominally with 
sellers at that price, buyers 14d. per ton less. There was 
an extensive business done towards the end of the past 
week, and notwithstanding the. downward tendency then 
and since manifested, the position of the trade may be 
described as good on the whole. Special brands for Conti- 
nental shipment have of late been much wanted. During 
the last few days dealers have been willing to accept offers 
under makers’ official quotations. There is no alteration 
to report in the number of blast furnaces in operation, the 
total number still in blast being 113 as against 112 for the 
same time last year. A large quantity of pig iron has 
recently been sent into the warrant stores, the quantity 
with Messrs. Connal and Co. on Friday night being 
132,945 tons, showing an increase of 3316 tons during the 
week. Last week’s shipments of pig iron amounted to 
11,915 tons as against 12,570 tons in the corresponding 
week of last year. 

Malleable Iron Trade.—This branch of trade continues 
to be tolerably active, and in a decidedly better position 
than the North of England and South Staffordshire can 
boast of. Most of the furnaces and rolling mills are run- 
ning full time, and a fair amount of business is doing at 
old prices, principally induced by the probability of quota- 
tions being advanced in sympathy with the late rise in the 
price of pig iron. There are some very fair orders in hand 
at the Hallside Steel Works both for rails and plates. 


The Tay Bridge.—Yesterday a 245 ft. span was floated 
out and deposited on two piers in the southmost gap of the 
Tay Bridge. It will only remain there till the 21st of this 
month—the piers on the northmost gap, where it is finally 
to rest, not yet being sufficiently high. Another large 
span will be taken oat belece the end of the month, so that 
at that time there will only be two more of the large spans 
to be floated, and the length of the girders from the Dundee 
side will be 6337 ft. Of the small spans, five are only now 
required, and one of these is expected to go out this 
month, so that by the 1st of June there will only be 1070 ft. 
to goout. The raising of the fifth of the large spans was 
commenced yesterday, and was lifted about 20 ft. 


The Railway Bridge over the Leven.—Operations have 
been started withthe view of renewing this bridge, which 
was erected so far back as the year 1850, when the railwa 
was first started between Balloch, which is at the lower en’ 
of Loch Lomond and Balloch, one of the minor ports on 
the Clyde. The midge was originally of wood, but it 
has now been determined to erect iron girders, which 
will have the effect of making the bridge very much 
stronger, and consequently more secure. ere are five 
arches in the bridge, and there will be put on each arch six 
oa weighing about 10 tons each. The traffic will not 

interfered with during the operations, which are expected 
to last nearly three months, but will be conducted on a 
single line of rails under charge of pilotmen. The work is 
being executed by the North British Railwa: Company’s 
men, under the charge of Mr. Smith, assistant engineer to 
the company. 

Death of a Distingwished Engineer.—The death has 
recently been announced of Mr. James P. Kirkwood, one 
of the best known Scottish i i ica. 


was a native of Edinburgh, but settled in Brooklyn in 
1835. His first work of any importance was the C- 
tion of the Boston and Providence Railroad, and from that 


time until a few years ago, he was activel re 
erection of public works in different parte of co 


in the 
untry. 


Among the rest, he made the original desi for the 
water works of B » and perso pa tended 
their construction. Latterly he confined his attention 
tare yeay | to hydraulic matters, and was the consulting en- 
eer on the water works of St. Louis, Cincinnati, and other 
ye Mr. Kirkwood for some time held the position 
of ident of the American Institute of Engineers. 
Institution of Engineers and Shipbuilders. — The 
annual business meeting of the Graduates’ Section of this 
institution, and the concluding mecting of the session 
1876-77, was held last night, the President, Mr. David C. 
Hamilton, in the chair. The subject of paying a visit to 
the Tay Bridge was again up for consideration, and it was 
announced that Mr. Grothe, the resident engineer for the 
contractors, had kindly expressed his desire to make the 
visit as interesting and instructive to the members as 
possible. In accordance with the suggestion of that gentle- 
man, the visit will come off at the end of May. Mr. James 
Davie, of Messrs. Walker, Henderson, and Co., was 
elected President of the section in succession to Mr. 
Hamilton; Messrs. James Gilchrist and William Whyte 
were appointed vice-presidents ; and Mr. Peter Dewar was 
re-el secretary. A most valuable and s tive 
r was then read by Mr. George Arnison, Jun., on 
“The Strength of Iron Vessels.” The author was highly 
complimented upon the excellence of the paper, and the 
discussion upon it was postponed. 





THE LONDON AssocrIaTION OF FoREMEN ENGINEERS 
AND DRAUGHTSMEN.—The ordinary monthly meeting 
was held at the Society of Arts on Saturday, May 5th, 
Mr. Joseph Newton, President, in the chair. It was ve 
numerously attended. Several new members were elected, 
and others were put in nomination. Among the former 
were Mr. Alfred Marshall in the honorary, and Messrs. J. 
N. Floyd and J. Douglas in the ordinary class. After- 
wards a testimonial, in the form of a handsome timepiece, 
manufactured by Sir John Bennett, was presented by the 
chairman (on behalf of the members of the Association) to 


large model and diagrams, on his newly invented. and 
patented ‘‘Steam Bicycle Locomotive for Tramways.” 
The author treated his subject in a Prices od practical 
way, and in the animated discussion which followed, and in 
which Colonel Francis and Messrs, Stabler, oway, 
Low, Gibbon, the Chairman, and others took part, the 
whole question of mechanical propulsion on tramways was 
debated. A vote of thanks to Mr. Hedley terminated the 
proceedings. 


THE PRESERVATION OF Inon.—In the Times of the 
6th March last and of the 1st instant, oueets of papers 
read before the Society of Arts and the United ice 
Institution respectively by Professor Barff, upon a 
discovery by himself of a method of preventing the corro- 
sion of iron and steel. The former report was quoted by 
us from the Times in our issue of the 9th March. The 
process is stated to consist in exposing the metal to the 
action of intense heat in a furnace, and in aes | steam 
over its surface, the result being the formation of a pro- 
tective coating of black oxide on the metal. A letter re- 
ferring to these two reports appeared in the Times of 
Saturday last over the initials ‘‘ P. F. N,’”’ and dated from 
Westminster. In it the writer points out that Professor 
Barff has only rediscovered that which was known lon 
since (and which, he observes, should have been unders 
by every practical chemist), and that the principle is in- 
applicable in the case of iron to be for constructive 
purposes, to which it is proposed to apply it. With 
to the first point ‘‘ P. F. N.”’ observes thatin the year 1861 
he was engaged in investigating the merits of various 
apparatus for vig ee steam, and in the course of his 
investigations he examined—amongst others—Parsons an 
Pilgrim’s invention, in which steam was passed through 
a coil of iron pipes |e aes in the boiler furnace. In sup- 

rt of the claims of the inventors for safety in the process 





chemically speaking) the writer had three reports placed | p 


before him. ‘‘ The first,” he writes, ‘‘is from Dr. A. 8. 
Taylor, Professor of ong in Guy’s Hospital, and 
Examiner in Chemistry to the University of London, it is 
dated April 26th, 1859. After pointing out the absence of 
all danger in thus — steam, Dr. Taylor observes that 
steam over iron heated to redness is decomposed, 
and that oxygen is fixed by the iron while the hydrogen is 
liberated, the surface of the iron being rapidly covered 
with a fixed and impermeable layer of the aa oxide 
of iron which arrests the chemical action. e second 
report is dated the 28th April, 1859, and is from Mr. W. 
T. Brande, F.R.S., who, after expressing an opinion upon 
the safety of the invention, states that the effect of high 
temperatures would be to cause a superficial layer of 
oxide of iron to line the interior of the heated pipes, and so 
prevent the further decomposition of water. The third 
report is dated Royal Institution, May 19th, 1859, and 
attached to itis the signature of Professor Faraday, who 
was consulted by the Board of Trade in the matter. 
After likewise testifying to the rz! of the process pro- 

unded, Faraday observes that if the tubes were over- 

eated ‘a slow oxidation of the iron might continue to 

on within.”’ ‘‘ From these three reports’’—continues the 
writer—‘‘ it is very clear that the method of coating iron 
with a tective skin of oxide means of steam was 
known in the year 1859, and in essor Barff’s system 
we only have a rediscovery of an ascertained fact.’’ He 
then goes on to point out the utter inapplicability of such 
a process to ironwork for structures, and the impropriety 


of attempting its application, and concludes by observing 
that until it week practically demonstrated tothe eon 
as 


not 





trary, he shall continue to consider such a 
suggested as a dangerous and Saenive inniovelien; nail 
an improvement, in which opinion we concur. 
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SHALLOW WATER SHIP-FLOAT. 


On a Shallow Water Ship-Float, and a New 
Blocking enabling Loaded Vessels to be safely 
By Mr. Latimer Cuark, C.E. 


THERE are few greater hindrances to navigation than 
those caused by the presence of bars at the mouths of 
rivers. A large river will often have its course unobstructed 
and its channel navigable for hundreds or in some cases 
even thousands of miles, with fertile lands and thriving 
a on either side along its banks, anxious to trade 
with the outer world ; but just at the point where it meets 
the ocean all access is b by a series of shifting shoals 
which effectually obstruct the passage for all vessels except 
those of light draught. If the vessel could be only lifted 
over this ier the inconvenience would be at an end, 
and she would again find deep water and gain access to the 
river or port within the bar. This operation is, in fact 
sometimes performed by the use of camels, air bags, and 
other similar appliances, but these are only employed on 
rare and exceptional occasions and not in the course 
of traffic. The attempts hitherto made to devise a machine 
which would systematically lift large numbers of vessels 
over a bar or into a shallow harbour do not appear to have 
been numerous or successful. 

The problem of devising a form of shallow dock, which 
shall under a loaded vessel and raise her sufficiently to 
float her into shallow water, does not at first sight seem a 
difficult one, but in A a plan into practice con- 
siderable difficulties have to be encountered. Among the 
requirements, it is necessary that the dock should be 

ble of ing its burden quickly and securely, and as 
quickly relinquishing it, and this even in rough water, for 
usually the outside of the bar is open to the sea and ex- 
to bad weather. Now it is obvious that even in fine 
weather and with only _— rolling sea it would be 
unsafe to attempt to raise a ed vessel upon a rigid dock. 
At the moment when the two come into contact they would 
bump with dangerous violence, and before they could be 


docked 


Mr. John Briggs, on his retirement from the post of | secured spabedsy 2 pace ge beep each other to a serious 
librarian after twenty-four years’ service. Mr. Robert | extent. The same ¢ —_ would again be experienced in 
Hedley, of Millwall, next read a paper, illustrated with a | lowering the vessel in rough water and in getting the dock 


pe oe ol oe, 2 John Standfield, and 

y r. JO » any 

been repeatedly asked if any practical met g 

these difficulties could be devised, have turned our attention 

to the subject, and have designed a shallow water ship-float, 

~— we believe will be found to satisfy the requirements 
e case. 


The points to which we have chiefly directed our attention 
have been, first, to reduce to a minimum the time required 
for securing the vessel in the dock, so as to lessen the time 
during which the two have an opportunity of collision ; 
and, secondly, to provide that when they come in contact, 
there shall be no solid or unyielding parts capable of either 
—— the vessel or receiving injury. We have met the 
latter of these requirements by causing the vessel to rest 
within a a. Se bottom be — of sme are entirely 
protected by air cushions, ¢ former by storing up a 
reservoir of com air ready for immediate use, so that 
the instant the dock and vessel are in their proper relative 
positions this air is admitted to a certain number of the 
air cushions, causing them almost instantly to become 
inflated, and thus giving sufficient buo to the dock to 
cause it to bear up under the vessel and take a soft bearing 
beneath her bilges sufficient to hold the two in quiet juxta- 
a and cause them to move together as one mass. 

he moment they are thus b: ht together, all is 

t, and the further lifting of the vessel to the required 
eight proceeds at leisure. The em ent of air for 
these purposes has the advantage that it can be i 

stored up under pressure, and can pass wan pipes wii 
great rapidity so as to cause the vessel to py we 
almost instantaneously, while the air cushions have the ad- 
ect elasticity, and of giving a soft and uniform 

bearing the vessel. ‘ 

The diagrams show the general form of the dock which 


eet having 





Kanal 


shallow depth, to give lightness of draught. It 
from the old form of floating dock in having vertical tubes 
at the sides, and in other particulars which need not be 
here mentioned. The general plan represents a dock with 
a vessel resting in it, one-half the vessel being omitted in 
order to show the position of the air cushions a a a, and 
the keel blocking on which the vessel is ially su 3 
an end view of the air cushionsisalso shown in Figs. 3 and 
4, with the vessel resting them. The construction of 
these cushions is well un as they have in other 
forms been extensively used in Russia and other countries ; 
they are composed of layers of ‘stout canvas embedded in 
vulcanised india-rubber, and are usually designed to sup- 
te me of 30lb. or bw square inch, but can 
e to — very much higher pressures. They are 
capable of withstanding very rough usage, but are = 
from bas bein eee in matting or — 
netting. are in’ air compressors w: 
hy dour engines situated in the sides of the dock, and are 
each vided with valves opening outwards, which are 
Icopt closed by springs oo adjusted that whenever the pres- 
sure exceeds a certain regulated maximum the surplus air 


7) 


. 


cushions are y i these are pro’ with 
extra wooden fenders inclined to an le, so that when 
the vessel strikes or rests on any of to 


throw her off towards the cushions, and to lead 
her towards the centre of the dock'; one or two buffer 








* Paper read before the Institution of Naval Architects. 
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CLARK AND STANDFIELD’S SHIP-FLOAT FOR 
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SHALLOW WATER. 
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cushions at the sides are also arranged to assist in the 
same object, and to neutralise the shock of collision. The 
moment the vessel is centred or nearly so, the valves 
are = and the cushions expand, causing the dock 
almost instantly to support the vessel, and horizontal 
shores or thrust blocks (shown at bb in Fig. 3) are 
screwed up — the sides to hold her in position. The 
pumping is further continued till sufficient water is ex- 

from the dock and the air cushions, and the vessel 
oats at the required level. 

It is obvious that the vessel is su everywhere on 
i i as if she were afloat, 
» or vessels carrying loose 
ed as empty ones. 

advantage inasmuch as by 
ure against the sides of the dock it entirely 
he bottom of the dock of the breaking strain 
i — | by the 

ing on the keel blocks, and we are 
bottom much shallower than 
ible, and thus obtain a lighter 


draught. The stability of the dock and vessel combined 
is ve or i greater than that of the vessel 
alone. The ing of the vessel into the water is of 
course effected by i co » and the 


the bags to 
water to enter the chambers me a a floats at its 
is the 


It is not necessary to say much ‘a8 
8 ot tne air bags, as t are already well under- 
stood ; the bottom of each cushion is of iron, and the 


cushions lie back in iron recesses when not inflated ; they 
support a pressure of 40 Ib. or 50 Ib. 

on the square inch, but the safety valves limit the maximum 
ib. or 121b. A vessel drawing 20 ft. of 

water is subject to an upward pressure of about 10 Ib. per 
. therefore this pressure on 
beneath her would support her entire 
ight; but as she will rest to a considerable extent on 

keel blocks the pressure on the cushiens will be by so much 
reduced. Any of the cushions can be allowed to sink back 
into its recess and there temporarily planked over, so as to 
allow access to the vessel for examination or repairs, and 
by ose and ordinary blige blocks eubetitated in their place 
one o su in their ‘ 
converting the whole into an ordinary floating dock for 


etoile am At y to add that the ship- 


2 
: 
! 


, with twin screws, 
same machinery as the air com- 
ich, with the assistance of the screw of 

will give it a considerable speed, and that some 
of the vertical tubes being hermetically closed, it can never 
under any circumstances sink below a certain predetermined 


have hitherto described the air cushions and bilge 
blocks as adapted only for use on these ship-floats, but 
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they are equally suitable for use on floating docks and in 
ordinary stone or wood graving docks, affording an equable 
support to the vessel, and preventing any undue strain 
from coming on the keel or bilges ; the great difficulty 
of causing ordinary blocking to fit accurately under a 
vessel so as to uce no ue strain is thereby entirely 
avoided. In the case of stone docks, each cushion is fitted 
on a separate sliding shutter or frame, so that it can be 
readily drawn back to allow access to the ship, and 
in preference to being inflated with air, it is filled with 
water, so as to constitute a kind of water bed for the vessel. 
In ordi graving docks a reservoir of water at the 
ground level would just produce about sufficient hydrostatic 
ressure to afford the necessary support, the whole of the 
ags being kept in free communication with the reservoir, 
so as to equalise exactly the strain upon the whole of them ; 
by giving a slightly increased pressure, the vessel may be 
easily and safely lifted off her keel should circumstances 
uire it. The equable support thus given to the bilges 
and sides would be of t value in the case of hea 
armour-clad vessels or of injured vessels containing a f 


The constant renewal and destruction of timber blockin, 
occasions a heavy expense which would be greatly redu 
by the use of air or water blocking. 

When we consider the number of ports excluded from 
commerce through the obstruction caused bars—the 
enormous sums annually expended in the transhipment 
of merchandise and in dredging operations at existing bars, 
as for example at the Mississippi—it must be evident that 

















if these obstacles can be practically and economically over- 
come, the results will be of the highest benefit both to 
the ports and rivers affected, and to commerce in general ; 
and it is obvious that there could be few more profitable 
undertakings than to provide such appliances at the places 
where they are so urgently required. 





THE ESTIMATION OF MANGANESE. 
On the Estimation of Manganese in Spiegeleisen, and 
of Manganese and Iron in Manganiferous Iron Ores. * 
By Mr. Epwarp Rixey, F.C.S., London. 

(Concluded from page 335.) : 

THE question of sampling the ore is of even more im- 
portance than the analysis, as without careful sampling 
the results of the chemist are valueless. I need hardly 
point this out to practical men, as their experience in 
this is quite as large as my own. se confining my 
remarks to some few points in connexion with it. 

First, I think the samples that I receive are in some cases 
not judiciously taken. the ore is not very fine, say that 
it contains pieces in. in diameter, or a trifle more 
this, great care is required so as not to send an undue pro- 

ion of the larger lumps; if so, the yield will be too 
igh, as this portion of ore is, as a rule (not in all 


cases), the ric ; shaking or buging process tends 
to = the ng A one side. The ore should be 

* Paper read before the Iron and Steel Institute, March, 
1877. 
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thoroughly mixed, and portions taken from different parts 
of the heap. 


The moisture question is also an important one. It is | 19. 


urged by some that if the ore is pulverised finely a portion 
of the seclthan’ is lost. This is undoubtedly the case if 
the ore is very wet, or if the pulverising takes place in 
warm weather, or ina warm room, some moisture may be 
lost. When the ore contains only 4 to 5 per cent. of water, 
it may be pulverised finely without any appreciable loss. 

The Carthagena ores are not ores that absorb much 
moisture from the air, like many other ores. The average 
percentage of moisture in air-dried ore is about 2} per cent. 
that is to say, assuming the ore to be dried at 212 deg. 
Fahr., and exposed to the air, it would absorb again about 
24 per cent, whereas some highly hygrometric ores, such as 
Northampton, Lincolnshire, and p< emer Pa ores, will 
absorb as much as 7} per cent. of ‘moisture in 48 hours 
when exposed to the ordinary atmosphere of a room in 
winter. 

In giving the yield of aniron ore, it is very n 
to remember the fact that, after drying, finely powd 
ores absorb by exposure to the air a considerable amount 
of moisture. 

The plan I adopt to estimate the moisture is to open the 
box or bottle containing the sample of ore, and turn it out 
on to a balance-pan, of which I have several inte: 
able in the balance. The weightis made a whole number, 
to make the calculations more simple, and to avoid error 
by having complex numbers. The quantity generally sent 
is from 2000 to 4000 grains; anything below 100 grains is 
put back in the box, carefully taking it from different parts 
of the heap. The ore is then p in a water oven at 
212 deg. Fahr., and weighed until its weight is constant, 
cooling it rapidly on a piece of iron. The weight, when 
warm, is from 5 to 7 grains less on the above-name quan- 
tities. An ordi Avery’s balance with agate knif e 
edges, turning with about half a grain, is , and is 
sufficiently accurate. 

The ore, when dry, is sifted through fine muslin (adding 
that left in the box), the portion not passing through the 
sieve is pulverised in a chi cast-iron mortar with 
hardened cast steel pestle, until it all passes through the 
sieve. A portion of the ore, after thoroughly mixing, is 
then pulverised in an agate mortar and in the water 
oven for 1 to 1} hours, it is then put into a close tub and 
portions weighed out for analysis. 

For the determination of manganese in manganiferous 
iron ores, I would suggest that about 1 gramme or 15 
grains of the ore dried at 212 deg. Fahr. should be dis- 
solved in hydrochloric acid, the silicious matter separated 
by filtration, and the larger portion of the free hydro- 
chloric acid driven off from the acid portion of the filtrate, 
reserving the washings to make the bulk of the liquid up 
to about one-third of a litre or half a pint; the solution 
should be allowed to stand four hours, to see if any 
separates after adding previously a few drops of sulphuric 


acid. 

If any sulphate of baryta separates it must be filtered off, 
if not, the analysis may be proceeded with, the solution 
should be diluted to about one quart or one litre, made 
neutral, or until the solution is slightly turbid with am- 
monia, and acetate of ammonia added, the solution then 
boiled, after boiling allowed to settle and filtered. 

After filtration, and without washing, the precipitate 
is re-dissolved in hydrochloric acid, and again precipitated 
with ammonia and acetate of ammonia. The basic per- 
acetate of iron, after settling, is filtered off and washed 
three or four times with boiling distilled water, adding each 
time a few drops of acetate of ammonia to prevent the 
oxide of iron passing into the filtrate and to facilitate the 
filtration. The filtrate must be reduced by evaporation to 
1} litres or three pints, and when cold bromine is added 
(2 to 4 cubic centimetres). The solution is well agitated 
in the flask by shaking until it is saturated with bromine, 
leaving only a little at the bottom undissolved, 880 am- 
monia is now added in excess, shaking violently the flask, 
the liquid is then gradually warmed up to the boiling 
poe for about an hour, then boiled a few minutes, the 

drated pe of manganese allowed to settle, then 
filtered off, and the precipitate dried. The filter first 
incinerated thoroughly, the peroxide of manganese added, 
heated with the lid on for a few minutes until red hot, 
then ignited from a quarter of an hour to twenty minutes 
over a Bunsen burner, or better in a muffle; if only over a 
Bunsen burner it should afterwards be ignited over a gas 
blowpipe to see that it does not lose weight; a platinum 
— should be used, unless the ignition is made in a 
muffle. 

The protosesquioxide of manganese (Mn,0,) should then 

be dissolved in a small quantity of hydrochloric acid. If 
there is any insoluble residue, which occasionally occurs, it 
should be filtered off, a drop or two of sulphuric acid added 
to see if baryta is present; if any precipitate occurs, it 
must be separated; to the filtrate or solution is added 
acetate of ammonia in excess, and sulphuretted hydrogen 
is passed through it to saturation. 
_ The precipitate (a small amount is universally obtained) 
is filtered off and weighed. Should this weigh more than 
-05 of a grain, or three mill mes, the excess over and 
above this should be dedu from the oxide of manganese 
weighed. 

_ I think this small amount should be allowed, as the pre- 
cipitate occasionally contains traces of manganese, and the 
filtrate from the precipitation of the manganese by bromine 
and ammonia also contains a faint trace of ese. 
This filtrate, in all cases, should be evaporated down to 
about half a litre, or nearly a pint, and tested with bromine 
and ammonia, to see if all the manganese is separated. As 
a -_ eed —_ is ve or — trace. 

n ma uplicate lyses, different quantities should 
be taken. The above-named method is the one I employ in 
my laboratory, and there is no difficulty in obtaining 
thoroughly concordant results by three different operators 





operating on different quantities of ore. A of ore 
ry M completed gave—Tucker, 19.73; Jarvis, 19.53; Bolt, 


I have not considered some of the other processes occa- 
sionally adopted. Instead of using bromine and ammonia, 
orine is sometimes through the solution. After 
separating the iron by acetate and carbonate of soda 
nomena sO gp not be used), Ay ~ - of a 
ese obtained (if any is formed it s' 
reduced with a few drops of alcohol) is redissolved in 
hydrochloric acid and precipitated with carbonate of soda. 
is method is much more tedious, and it has the disad- 
vantage of using fixed alkaline salts. 
The process, when sulphide of ammonium is used, is most 


TO 
objectionable, and I believe, as a Bey method, quite . 


out of the question ; and further, ve found that when 
chemists have estimated the manganese by this method, 
very grave errors have been made. 

In a cargo of ore, I found from 16.19 grains of ore 
taken, .12 grains of oxide of zinc, &c., thus proving the 
necessity of examining the oxide of manganese weighed in 


cases. 

I have had a lengthy correspondence with my friend, 
Mr. John Pattinson, of Newcastle, on the determination 
of manganese, more especially in iferous iron ores. 
He, like myself, has made numerous experiments, with the 
ae of ascertaining the best method of obtaining accurate 


results. 

Before submitting my process as the one I should re- 
commend to be adopte Oy those interested in serer. 
niferous iron ores, I have thought it desirable to have hi 
opinion and views upon the process I have given, and can- 
not - better a one his _— to anette. e writes : 

“*T agree wii e process of testing manganese in 
the main. The pa to insist upon is that the 
Mn,0, precipitate be ined for the impurities, baryta, 
oxide of zinc, &. 


** T do not like the principle of aloving certain amount 
of impurities to be added to the precipitate to compensate 
for possible loss. 


‘*The impurities I have found contain nothing like the 
amount of manganese you name ; in fact, only inappreciable 
traces. Besides, if the filtrate be examined for manganese, 
it will be ascertained if is left there, and anything like 
4 per cent. could not well be overlooked. 

‘* The amount of impurities to be allowed might well be 
left to the judgment of the analyst. 

‘* With this exception, you are quite at liberty to state 
that I agree with you in the opinion that at present this is 
the only correct manner of teatin g for erp oy in these 
ores, and shall be obliged to you if you will do this.” 

From the above it will be seen that our differences are 
narrowed to a very small limit, practically, whether we 
shall or shall not allow 4 per cent. Iam quite willing to 
leave the settlement of this small difference to the judg- 
ment of the chemist. 

Since writing the above, I have had a case in which I 
found an appreciable quantity of oxide of zinc with my 
manganese. 

The Estimation of Iron.—In the year 1862, I read a 
paper before the Chemical Society on the determination of 
iron (see Journal of the Chemical Society for 1862, vol. xv., 
page 311). I then proved the accuracy of the determina- 
tion of iron by a standing solution of bichromate of potash, 
and showed that no gravimetrical iron estimation was 
oie unless it had been confirmed by this or a similar 
method. : 

In England, the solution almost universally used is bi- 
chromate of potash; our neighbours on the Continent, 
however, as universally use permanganate of potash. Both 
methods may be employed, and the only question is which 
is the most advantageous ; after more than 25 years’ ex- 
perience I unhesitatingly say the bichromate. 

The chief disadvantage is that you cannot use a hydro- 

chloric acid solution with the te, as all iron 
ores are soluble in hydrochloric acid (in my experience 1 do 
not think that I have met with twenty cases in which the 
ore would not dissolve in hydrochloric acid, if the sample 
were reduced to an impalpable powder), and very few in 
sulphuric acid ; the advantage is decidedly with the bichro- 
mate. 
My intention is not, however, to discuss in minute detail 
the relative merits of the two methods. I merely wish to 
make a few remarks as to the practical results of assays of 
car; of iron ore. 

My experience is that the results as given are generally 
too high. Withan av of five or six young men work- 
ing in my laboratory I find it difficult to ee ae to deter- 
mine the exact point, when the assay is hed, it is gene- 
rall ey a ‘ ; ie ae 

ing a given weight of pure iron wire, solving it, 
precipitating and weighing it as peroxide, then redissolvi 
the peroxide in h; hloric acid and reduc it, I fin 
almost univ: y that more iron is obtained than was 
taken, = 4 j calculated on the iron per cent. there is a 
very marked error. 

In many cases referred to me, my results ane: qonanaiy 
lower, when identically the same sample is ; when, 
however, two chemists of equal standing both fargue that 
they are right, it is difficult to come to any decision. 

T have recently analysed a series of about 60 samples of 
steel rails, and I have given, in a tabular form, the deter- 
mination of —— these Tney gy weighing | 
iron as xi separa’ i m manganese, al 
Titoning tho small amount of silica usually found with 
peroxide of iron, and also the phosphoric acid. 

It will be seen in looking over these Tables that the 
estimation of iron as peroxide is higher than that by stand. 
solution, and in every case in steel rails the total of all-the 
ingredients is universally above 100 parts, hence it follows 
that I give the percentage of iron htly too high, and I 
think fat this is practical evidence of the accuracy of 
method adopted, and further, I may add, it requires con- 





siderable skill in Gtesining this iron, and, as a rule, 
many operators would maxe the stand, solution rather over 
- : ag of iron result, instead of vice versd, as it 
sho . 

I always use sulphite of soda as a reducing agent; I 
prepare it in my own laboratory, as I find the purchased 
salt ~—— and contains phite. ‘The sulphite should 
alwa: slightly alkaline, and bisulphite should not be 
used. The results obtained in using this salt are, T find 
a eet than when any other reducing agent is used 
‘or r) . 

The late Mr. Ward, for many years Dr. Percy’s principal 
assistant, after trying the various other reducing agents 


working with stand. solution, clearly shows how near 
the estimation approach each other, the dcterninalion of 
iron in steel, and pig analysis is not only a check on the 
results generally, but an a peel check on the p horus. 

The same solution is for all assays, and as the rails 
of which ses are given were pretty regularly 
throughout the year, I may say that these results are a 
check on all assays made di that time. 

A burette with a capacity of 1500 grains is the best. 
The most convenient stand. I find to be from 5 to 6 grains 
of iron to 1000 > of solution, and not 10 grains, as 
usually employed, or on the metric system 100 cubic centi- 
metres, equal to .5 to .6 of a gramme. 


Determination of Percentage of Iron in Steel Rails. 








Tron per Cent. 
hedas _ Iron per Cent. from 
Fe;0,, after of Fe,O,, by Total of 
deducting Silica $ Solution Analysis. 
and 7 horic of K, Gr, O, 
cid. 

: 99.606 100.805. 

99.468 99.408 100.311 

99.847 99.637 100.422 

99.267 99.249 100.488 

99.176 99.223 100.425 

99.752 99.632 100.489 

99.895 99.475 100.200 

99.451 99.518 100.460 

99.535. 99.282 100.443 

99.297 99.056 100.468 

99.370 99.344 100.655 

99.201 99.057 100.649 

99.164 98.799 100.490 

99.589 99.667 100.589 

99.945 99.905 100.735 

100.008 99.817 100.669 

100.100 99.718 100.523 

99.531 99.462 100.658 

99.719 99.827 100.299 

99.617 99.697 100.598 

99.249 99.250 100.573 

99.516 99.475 100.638 

99.529 99.625 100.504 

99.637 99.259 100.439 

99.682 99.587 100.539 

98.896 98.905 100.771 

99.711 99.620 100.417 

99.834 99.756 100.560 

99.659 99.512 100,594. 

99.320 99.400 100.624 

99.210 99.247 100.541 

99.313 99.856 100.566 

99.570 99.480 100.636 

99.399 99.392 100.674 

99.705 99.506 100.856 

99.113 99.241 100,842 

98.792 98.825 100.569 

98.992 98.952 100.642 

98.429 98.624 100.331 

98.907 98.554 100.294 

99.582 99.280 100.449 

99.022 99.146 100.488 

99.527 99.699 100.554 

99.403 99.043 100,338 

98.882 98.782 100.425 

99.080 99.219 100.645 

99.142 98.964 100.450 

99.334 99.199 100.586 

99.414 99.271 100.495 

99.270 99.058 100.332 

99.094 99.036 100.838 

98.627 98.779 100.390 

99.187 99.030 100.366 

99.030 98.981 100.458 

Soft metal 100.259 100.291 100.674 

» 100.207 100.154 100.281 

wet 99.844, 99.891 100.285 

5,666.884 5,662.768 5,729 
Mean ... 99.419 99.346 100.517 
Mean difference d 

In ing out the experiments in the above paper, and 
more ' ially in the accurate estimations of iron as per- 


oxides and by stand. solution, I owe much to the able as- 
sistance I have had from senior assistant, Mr. Herds- 
man. In estimating iron, 1 have always found that when 
working with him on different quantities we can alwa; 
agree within .20 per cent. I have also received most ab! 
co-operation from my other assistants, Mr. Tucker and 
Mr. Jarvis. Many of our analyses of cargoes of man- 
iferous iron ores have been repeated from three to six 
imes, under different conditions, so as thoroughly to test 
ba sgn oy by tae vi rtf , 
results given in this paper are merely experimental 
results, but the practical results of ee a Se 


, on 
the | samples from many hundred cargoes of iron ore of every 
description. 


. ?, confirmed my opinion. 
Table I publish, giving the results of our last year’s. 
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THE PENNSYLVANIA RAILROAD. 
No. XX.—Tue Axtroona SHOPS — (continued). 


6. The Old Erecting Shop.—By referring to the ge- 
neral plan of the Altoona shops (page 322 ante), it 
will be seen that this building, which is situated at one 
end of, and at right-angles to the new erecting shop 
already described, extends along the whole length of 
the east side of the transfer pit, which separates it from 
the boiler and smiths’ shops. This building requires 
but little special reference ; it is an old and incon- 
venient structure, and will probably be shortly re- 
moved, and replaced by a building similar to the new 
erecting shop. It contains, however, every facility 
for performing the work which is carried on in it. ° 

7. The Vice Shop.—This department, which occu- 
pies a wing of the machine shop, is 125 ft. 8 in. long 
by 49 ft. wide. In this shop the fitting and finishing 
of such work as crossheads, radius links, eccentrics, 
straps, &c., is performed. Unfinished forgings and 
castings are brought here, and the work remaining 
to be done to them is laid off by a man who attends 
entirely to this business, He is provided, for this 
purpose, with suitable templates, scribing tools, 
and a laying-off table, with a planed cast-iron top 
4 ft. wide by 10 ft. long, fitted with parallel grooves 
and Y blocks. Irregular pieces, like rocking-shafts, 
which cannot be finished by a template, are here 
centred and scribed. There are also two 6 ft. 
diameter grindstones, and a large number of emery 
wheels for finishing work. ‘The connecting and 
coupling rods of freight engines are planed only at 
the ends, the rods themselves being finished on the 
stones, and afterward polished on the emery 
wheels. One set of the latter may be especially 
noticed, that on which the crosshead guides are 
finished and polished. 

This machine consists of a surface table 5 ft. long 
and 9in. wide, with an opening in the middle, and 
of the width of a 15 in. emery wheel, which revolves 
beneath, and the periphery of which is nearly 
tangential to the surface of the table. The guides 
are passed to and fro face downwards on this table, 
and are very quickly polished. Considerable saving is 
also effected by it, in the trueing up of old guides 
brought to the shop for repairs, and which are 
always most worn in the centre of their length, In 
surfacing them by the emery wheel the highest parts 
only are reduced, until there remains the smallest 





—— 


trace of the wear in the middle of the guide. By this 
means only the smallest possible amount of metal 
is removed, and much more quickly than could be 
done in the planing machine. By the same process 
a large number of pieces with flat surfaces, such as 
keys, prowrars an straps, are finished. Close by 
is another machine with spindles adapted for emery 
wheels from 1] in, to 8 in. indiameter. The smaller 
sizes are used chiefly for trueing up holes that have 
been distorted in case-hardening, and also for finish- 
ing and polishing the filletted corners of work. 
Emery wheels have indeed entirely replaced the use 
of the file in finishing up work of this class. 

In this department the engine pumps are made, 
and all injector repairs are done. The Giffard 
injector, made by Messrs. William Sellers and Co., 
is exclusively used by the Pennsylvania Railway 
Company. 

The employment of mechanical means for finish- 
ing work, enables the company to dispense with 
the service of regular mechanics in this department, 
and the machines are for the most part attended to 
by a cheap class of labour, it being found that any 
workman with ordinary attention will learn very 
quickly how to finish up work by the means placed 
at his disposal as well as a trained mechanic. 

8. The Tube Shop.—'This, as will be seen from the 
plan, is adjacent to the machine shop, from which 
is taken the power required to drive the various 
tools used in it. These are principally hollow 
spindle lathes, in which the tubes are cut to 
lengths, or (in the case of old tubes brought in for 
repair) scarfed for having new ends welded to them ; 
screw - cutting machines for putting threads on 
pipe; a hydraulic testing machine, in which all 
welded tubes are proved to a pressure ‘of 200 lb. to 
the inch ; and four forges employed for welding new 
ends to the tubes, and for bending pipe; and two 
furnaces for brazing copper ferrules to the ends of the 
flue tubes. It may be mentioned here that all these 
tubes have copper ferrules attached on the outside 
at the firebox end; they are l}in. wide, and 18 
B.W.G. in thickness. The tubes are set with an 
expander in the firebox and smokebox sheets, below 
set out on the inner or water side of the plate, an 
turned round upon the other, and finished with a 
caulking joint. 


SPRUCE CREEK TUNNEL. 


then cut off from each end, in the hollow spindle 
lathe, as before-mentioned, the scarfing being done 
by a cutter on a mandrel, and that for the new 
end made with a turning tool. This operation is 
performed entirely to gauge, so that any end will fit 
any tube of the same diameter. The welds very 
rarely yield under the hydraulic test. 

9. The Blacksmiths’ Shop.—The old smiths’ shop has 
an L-form, the dimensions of the greater wing being 
273 ft. 3 in. by 56 ft. 6in., and of the smaller 124 ft. 
9in. by 66 ft. 9in., giving a total floor area of 
23,766 square feet. It contains 25 double brick 
forges, 4 ft. square in plan and 19 in. high, with 
curved fronts. These forges are very similar to 
those already noticed in the description of the West 
Philadelphia shops, The flues are built with a hood 
extending over the hearth, and inclining upwards 
and inwards until they meet. ‘The brickwork is 
then carried up vertically to a height of 3 ft. above 
the roof, and is surmounted by a 24 in, sheet-iron 
chimney, finished at the top with a ventilating 
cap. The blast for the forges is supplied by a No. 10 
Sturtevant blower. The main blast pipe is of sheet 
iron 24in. in diameter, extending throughout the 
whole length of the shop, and resting on the tie 
beams of the roof trusses. Drop pipes 6 in. in 
diameter pass from the main to each pair of forges, 
and terminate in a tee-piece for serving each fire. 
The air pressure throughout is about 40z, There 
are also three large heating furnaces, placed beneath 
steam boilers which are suppor on cast-iron 
columns, and supply the steam to the hammers. 
These furnaces are all similar, and their general 
dimensions are as follows: Firegrate, 50 in. by 
36 in.; width of furnace, 5 ft., for a distance of 
7 ft.9 in. from bridge, after which they taper to 
14 in. at the flue; total length inside 10 ft. 6 in. 
The main flue is 18 in, square inside, and it extends 
38 ft. above the top of the boilers. The latter are 
48} in. in diameter, 22 ft. 10 in. long, with two flues 
each 16 in, in. diameter, One of the furnaces is 
employed for heating the scrap gies It receives 
at one charge ten piles, each weighing 250 lb., and 
per day of ten hours, 


will heat six tons of scrap 
per hour. The 


consuming about 6201b. of coal 


blast for the furnaces is supplied from the forge 


24-in. main 








As a rule the tubes are brought into the shop for 
repairs after three or four years’ use. About 6 in, is 


There are seven steam hammers in this , two 
of 5000 lb., one of 2000 lb., one of 10001b., two 
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of 15001b., and one 7001b. hammer. The last- 
named was supplied by Messrs. Thwaites and 
Carbutt, the others by American makers, Messrs. 
Sellers having furnished the heaviest. The exhaust 
steam from all these hammers is received into a 
large sheet-iron tube, extending vertically from the 
hammer to a short distance above the roof. The 
condensed steam collects in a pan placed under this 
tube, and is conducted to a drain by a small dis- 

ipe. By this i, 9 back pressure in 
the cylinders is avoided, Near the scrap-heating 
furnace is a large shearing machine adapted for 
cutting up iron 4in, square, or the heaviest sections 
of steel rails, At one end of the smaller part of the 
shop is a bolt-heading machine, where all the bolts 
et in the establishment are finished; it works by 
means of a drop hammer, and four compressors or 
stamps driven by cams. 

The new smiths’ shop is parallel to the old one, 
and the space between them is occupied by a coal 
pit or depét, 156 ft. long by 34 ft. Gin. wide. A 
staging on trestles is placed over this pit, and the 
coal cars are run upon it and dumped. The new 
shop is 188 ft. 9in, long by 67 ft. wide, and the 
floor area is 12,648 square feet. It contains twenty 
double forges, with hearths 4ft. 8 in. by 4 ft. and 
23 in. high, composed of a sheet-iron casing with 
rounded ends, and filled with brick ; these forges 
have no flues. The blast is furnished by a No. 10 
Sturtevant blower, like that used in the old shop, and 
the arrangement of mains and service blast pipes is 
similar to that already described. There are here 
two 1000 lb. hammers made by W. B. Bement and 
Son, and one of the same size by Messrs. W. Sellers 
and Coneens At one end of the shop is a small 
wing 40 ft. by 23 ft., containing four forges, and 
one small heating furnace. This latter forms the 
locomotive and tender spring shop. A second 
small wing near the centre of the building contains 
the foreman’s offices and a room for the men, round 
the walls of which are ranged cupboards to contain 
clothing and any small effects; each locker is 
numbered to correspond with the number of the 
forge, and is supplied with a key, so that the owner 
can keep it locked. 

Much of the heavy forging is done in this shop, 
such as locomotive frames, in which the pedestal 
jaws are welded to the frame, so as to make the 
whole one solid piece. A very large number of the 
smaller forgings are made in steel dies or formed 
under the hammer, and pass on direct to the ma- 
chine shop without any smith’s work being bestowed 
on them. In such dies, and at one heat, are formed 
the ends of valve rods, links, eccentric rods, and 
bolts, pins, and studs of various forms. Heavier 

ieces are finished under the hammer in cast-iron 

locks shaped to the desired form, such as the T- 
shaped ends of the bars between the pedestals, the 
sole pieces of the front and back boiler braces, rock- 
ing shaft, arms, &c, Only three of the steam han.- 
mers do not get their steam from the furnace boilers, 
and those are supplied from three multitubular 
boilers placed in a room at the end of the coal pit 
above mentioned ; these boilers also furnish steam 
to a stationary engine of the same size and pattern 
as that employed for driving the machine shop, 
and already described. 

10. The Wheel Shop.— Locomotive and tender 
wheels are finished and mounted im this shop, and in 
addition, points, crossings, and signals are made, and 
a variety of work connected with the maintenance of 
rages way, bridges, and stations is also done. 

e cast-iron driving- wheel centres are bored 
and fitted to the axles, the former being forced upon 
the latter with a pressure varying from 60 to 80 
tons. The axles of the mger engines are of 
steel 7 in, in diameter, and those for freight engines 
are of iron 64 in. and 6} in. in diameter. The tyres 
are for the most part of steel, and are secured to the 
cast-iron centres ty shrinking only mo fastenings 
being va ceo e tyre is bored out smaller than 
the periphery of the cast-iron centre is turned, the 
difference being always one-ninetieth of an inch 

r foot of diameter of tyre. The tyre is expanded 
in & oe, my and when placed on the wheel 
it is cooled by water. Steel gauges are employed in 
boring and turning all tyres and centres. e steel 
a are rolled in sets of four or six, according to 

e class of engine for which they are intended, so 
that they are exactly of equal diameters, and the 
tread is not turned ‘et being placed in service. 
For yard and shunting engines, chilled cast-iron 
t are employed instead of steel, and these are 

used in a few of the heavy engines workin 
difficult sections like the Tyrone and Clearfiel 








branch of the Pennsylvania system. These chilled 
tyres are bored cut with an inside taper, and are 
kept on the centres by conical-ended bolts screwed 
from the centre into the inside of the tyre. The 
crank pins, which are always of steel, are forced into 
the wheel centres by hydraulic pressure, varying 
from 18 to 25 tons. The cast-iron chilled wheels, 
which are employed entirely on the locomotive 
trucks, are finished and set on the axles in this 
shop, the pressure employed being about 30 tons. 
Steel axles are employed throughout for passenger 
locomotive tenders, and iron for those of freight 
engines. 








THE ANEROID: ITS CONSTRUCTION, 
PRINCIPLES, AND USES.—No. VI. 

Tue dials of best aneroids are graduated in the 
following manner. The blank»dial-plate being fitted 
in its place, a smaller trial dial.is stuck on it, and 
the pointer fitted on the collet.-: The instrument: is 
then placed in the air-pump, which has: a.mercurial 
barometer attached. This barometer has an iron 
cistern and a braas scale. The scale of inches is 
contracted so as to allow for the rise of the mercury 
in the cistern as the pressure is lowered ; so that 
the error of the barometer itself ought not. to be 
geen. Decreasing the pressure, inch by inch 
of the barometer, the corresponding readings of the 
trial dial are written down, throughout the e of 
the aneroid, The engraver has now only to ea 
mark on the blank dial against each of, these read- 
ings by the trial dial, remove the latter, and divide 
these inch spaces into tenths, It does not appear, 
however, that the graduating of the scales of ane- 
roids is done with the requisite care, as they are 
generally found with different errors in» different 
parts of the range. In some cases this may be owing 
to the temperature correction for the barometer 
which the makers are not in the habit of applying. 
Thus a barometer with a brass scale, ing 30 in., 
at the temperature 66 deg., requires a deduction of 
0.1 to bring it to the standard temperature, 32 deg. ; 
but if the column is brought down to 15in. the 
deduction should be 0.05. Hence an aneroid divided 
to agree with such uncorrected readings of the ba- 
rometer, would have a correction of —.10 at 30 in., 
and —.05 at 15 in., so that, on this account, the error 
would be an increasing one, in defect, down the 
range. The accuracy of the graduations can only 
be tested by means of an air-pump with a baro- 
meter connected to it. Here is an example of test- 
ing the graduations, the barometet readings having 
been corrected for index error and reduced to tem- 
perature 32 deg. : 


Barometer (Pressure Aneroid Corrections for 
Decreasing). (Pocket). Aneroid. 

29.66 29.67 —.01 
29.01 29.00 +.01 
28.03 27.98 + .05 
27.02 27.00 +.02 
26.02 26.00 + .02 
25.03 25.00 + .03 
22.95 22.95 .00 
22.15 22.10 + .05 

(Pressure increasing). 
23.04 23.02 + .02 
24.09 24.00 +.09 
25.09 24.97 +.12 
26.15 26.03 +.12 
27.17 27.01 +.16 
28.19 28.02 +.17 
29.20 29.11 + .09 
29.69 29.60 +.09 


It will be noticed that the corrections with in- 
creasing are larger than those with decreasing pres- 
sure, This is a common fault with aneroids, and 
seems to be due to the fatigue of the metal after 
having been subjected to a large change of tension, 
that is the vase and spring do not readily regain their 
exact previous elasticity after a sudden change of 
pressure. Thus, in examining an aneroid under the 
air-pump, with decreasing pressure, or with the 
index going down the scale or to the left, it reads 
too high, from which we may infer that the vase 
does not expand enough; with increasing agen 
or with the index going up the scale or to the right, 
it reads too low, so that the vase seems not to con- 
tract enough. Probably sufficient time is not given 
for the full expansion or contraction. However, in 
reference to the vase, the amount of movement re- 

resenting the difference of up and down readings 
is so minute that we cannot be sure that it arises from 
this cause. The change of direction of motion given 
to the spiral, the chain, and the levers, and the want 
of closeness and rigidity between the joints of the 
levers and link, may just as probably afford means 





for the loss of so small a difference of indications, 
The difference is most noticeable in small aneroids 
which have a long range, In ‘“‘ An Account of Ex- 
periments on Aneroids,”™ in the Proceedings of the 
Royal Society, year 1868, Professor B. Steward 
states that after being subjected to a large change 
of pressure under the air-pump, the corrections of 
an aneroid gradually change, and we quote the fol- 
lowing statement from his tabulations : 





: No.| No. | No. | No. | No. 
Aneroid Be { a. ¢ 10. 14. 16. 








Correction before ex- 


periment... eve] —.10 | —.12 | —-12 | —.04 | —.05 
Immediately after ex- 











riment ... «| .00| +.03 | +.06| +.06 | +.04 
ighteen hours after 
experiment ... | —.07 | —.03]) ... 401 | +.01 
Forty-eight hours after 
experiment ... --.| —.08 | —.04 | —.03 
Three days after ex- 
F moenaaeu ve | —08|—.05} .. | —.01 | —.01 
hree weeks after ex- | 
periment... «| —.13 | —.10 | —.11 | —.07 —.06 











From these results it appears that the aneroid re- 
quires the long period of three weeks to recover its 
fatigue after these severe trials in the air pump; 
and that, therefore, the defect is attributable to the 
vase or spring rather than to. the mechanism. 

The example alreadygiven shows very good and 
correct graduation ; subjoined are specimenns of cor- 
rections obtained for aneroids at- the Kew Obser- 
vatory : 








& : ANEROIDs. 

§ 

B 
is 
v= Large, H, 
2° 2|SmallSize, M\Small, No.85| Large, 8. | at 32 deg. 
2 25 Fahr. 
aq 





down. up. |down. up. |down. up. 
31 eve - ee +.129 


30 |+.24 +.60/—.09 +.05|—.14 —.10|} +.164 
29 23 64 12 02] .12 11| +.210 
28 21 69; .08 09] .12 09| +.230 
27 .20 7 07 10; .09 07 

26 .23 85) .07 -ll}| .07 07 

25 40 91) .05 10}. .05 04 

24 50 99} .06 10} .05 05 

23 55 80) .02 .08 

22 73 -73| 00 .05 

21 ose +.01 01 

















The aneroid S was a remarkably good one ; H, one 
of similar size, was ps badly graduated; 85 was a 
pocket instrument and good of its kind; M, the 
same kind, was decidedly bad. A host of worthless 
aneroids, like M, are without doubt in use as scientific 
instruments, and it must now be evident that the 
sooner they are tested, as at the Kew Observatory, 
the better, It may, theréfore, be instructive to show 
in detail the process of examining an aneroid’s per- 
formance. 

For following is an actual case for pocket aneroid, 
4073 : 























2 | 2 | gh./ 4 g 
Date. a a. pos 3 2 
a — — 83 ord 
z . os @Q | eo ‘cee 
September, ak ae ey = 3 $3 
73. "| BE | 38 | £83) Es : j 
B | 3 | Feds 44 3 
d. h in. deg. 
30 0 30.13 38 30.05 | 30.11 —.06 
0 2 29.99 60 29.90 30.02 12 
28.85 “ 28.78 | 28.98 | —.20 
to 26.12 ae 26.05 26.30 —.25 
21.67 90 21.61 21.95 —.34 
03 17.65 - 17.60 17.90 ~-.30 
18.75 - 18.70 | 19.00 —.30 
20.00 “a 19.94 | 20.15 - 21 
22.92 od 22.86 | 22.95 —.09 
25.90 9” 25.83 25.85 — .02 
28.10 jo 28.02 | 28.05 —.03 
30.10 a. 30.01 | 30.00 | +.01 
03 30.11 30.03 | 30.00 +.03 
04 30.11 58 30.03 30.02 +.01 
07+to8| Tried in temperature 63° to 105°, no effect. 
0 22 30.01 | 59 | 29.93 | 29.97 | — .04 





These corrections may be shown graphically as 
follows. . 

The diagram shows that taking the mean correc- 
tions, the error of graduation is an increasing one 
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in excess, going down the range, which is contrary 
to the usual run of aneroids. Where the change of 
direction of motion happens there is less.difference 
between the corrections. The mean of the down 
and up corrections will be the safest to apply to the 
instrument in actual use in mountainous countries, 
in contouring. 

Aneroid -4073 corrected 





Those who use the aneroid for scientific obser- 
vations, as a substitute for the barometer, or for 
measuring heights, should never place too much con- 
fidence on its accuracy. In travelling it should be 
checked by occasionally recording the boiling 
temperature of water by the hypsometer. 

As regards graduations it is quite certain that 
with sufficient care they can be laid down ac- 
curately, and as regards compensation, the best 
makers succeed in destroying the effect of tempera- 
ture almost entirely, but the difference of indication 
for an increasing and a decreasing pressure, seems 
due to inertia, for which a remedy has yet to be 
provided. The following general results for seven 
pocket aneroids, made with ial care, will afford 
the best ideas of the approach to accuracy at present 
attainable with these instruments : 

1. Under pressure 30 in., the change per 1 deg. 
for a range of temperature from 10 deg. to 90 deg., 
was 


Mean +-.00003 of an inch. 
Maximum ... —.00175 am 
Minimum ... +.00112 me 


ee ee ee eee 
2. For graduation the mean of the corrections 
were for 


Pressure. Decreasing. Increasing. 
in. in. 
29 —.07 +.19 
27 —.10 +.23 
25 —.08 +.22 
23 -00 +.18 
21 + 


+.08 08 
3. Being new, these instruments were expected to 
alter {their corrections, accordingly this point was 
observed, and it was found after 30 days that their 
indications had gradually risen on a 


in. 
Mean ... oe peo eee a a .09 
Maximum Sia oi a on ae 19 
Minimum : 00 


Thus far an endeavour has been made to exhibit 

the behaviour of aneroids under all conditions, and 
to show how an observer may, if he likes to take 
the trouble, ascertain and allow corrections for his 
aneroid. A few directions and suggestions may now 
be added. 
* An aneroid should be nded with the dial 
vertical, like a clock; but it is more convenient to 
hold a pocket instrument in the hand with the dial 
horizontal. One position should be’always adhered 
to, in observing, because the indications differ a few 
hundredths of an inch in the two positions. 

A compensated aneroid can be used, both as a 
weather-glass and as a measure of heights, without 
the necessity of applying any correction for tem- 
perature, provided it be adjusted from time to time 
to the reading of the mercurial barometer reduced 
to 32deg. Fahr., and the graduation errors be 
known. This adjustment is effected by applying a 
small turnscrew to the setting screw at the tack or 
by slightly moving round the back, according to the 
construction, so as to cause the points to shift either 
to right or left, as uisite, to make it indicate 
ye oan | on the dial. By means of the same screw, 
Admiral Fitzroy suggested that if the measure “‘ of a 
height rather greater than the aneroid will com- 





monly show be required it may be rese¢ thus: 
When at the upper station (within its range), and 
having noted the reading carefully, touch the screw 
behind so as to bring back the hand a few inches 
(if the instrument will admit), then read off and 
start again. Reverse the operation when descending. 
This may add some inches of measure approxi- 
mately.” While it is desirable that this fact should 
be known, it is advisable to state that it should only 
be taken advantage of in the last resource, and fora 
purpose which would justify throwing the instrument 
out of adjustment in this way. It is best not to meddle 
with the setting-screw even for adjustment until the 
error becomes inconveniently large ; for it is better to 
apply a correction to the readings than to be con- 
tinually readjusting, Of course, if any record be 
kept of the observations, the corrections for tem- 
perature and for graduation should be entered in 
the register, and a memorandum made against the 
date of every adjustment. 

Those who have understood the explanation of the 
aneroid, in our first and second papers, ought to be 
able to set the instrument, and also to examine it, 
with the view of detecting any cause of inefficiency 
in its performance, or the effect of any accident 
upon it. Should it have a fall or be otherwise 
severely shaken, the pointer may be jerked off the 
arbour; by removing the glass it may be easily put 
on again. Removing the dial would disclose any 
other defect or injury, as the —— of the spiral 
spring, or the chain, or a pivot, or the bending of a 
lever, or impediment from a waif, dirt, or want of 
oil at the pivots. After clearing away dirt and 
refuse of the old oil, just.a small drop of watch oil 
should be applied to the pivots. 


often needlessly sent to opticians for repairs, the 
defects being capable of rectification by any careful 
person acquainted with the construction of the in- 
strument, 

The makers might well give more attention than 
they generally do to the following suggestions. The 
foundation plate should be firmly screwed to the 
outer case, so that the setting screw may be worked 
without in the least starting the pointer by mere 
pressure or jerk upon the screw. e collet of the 
pointer should fit square upon the arbour so as 
not to shift about on it when subject to concussion or 
shake. The dial should fit into slots on its bearing, 
so that it cannot possibly turn out of its proper 
position by shaking. If the dial is held merely by 
clamping upon its bearing, it is liable to shift by 
shaking, and the instrument is rendered useless 
unless the observer knows how to deal with the 
mishap, while of course it is always more or less 
unreliable from this cause. A bearing should inter- 
pose between the dial and the glass thick enough to 
prevent the index coming into contact with the 
pointer and so stopping its movement, and vitiating 
the observations unless care be taken to free them 
before reading. The clamping-rim, for holding the 
glass in its place, the glass, the pointer, and the 
dial, should all be so affixed to the instrument, that 
they may be removable with ordinary care for the 

urpose of inspection and cleaning. ‘The 
should be thick plate, bevelled at the edge, The use 
of very small screws for holding down the dial, and 
keeping the rim in position, is very objectionable, 
because they fall out and get lost, and are trouble- 
some to manage without a very fine tool. Even in 
the very cheap instruments the makers should take 
care that sufficient space is left for the play of the 
levers in very low pressures, which is sometimes not 
done. It would be an important improvement to 
divide the attached thermometer upon its own stem, 
as well as upon the dial, as this would tend to greater 
accuracy. At present it is quite exceptional to find 
correct thermometers attached to aneroids. They 
are usually several degrees wrong, and the error ma 
not be a constant one for all parts of the scale. It 
seems to be the practice to fit a new thermometer 
to the old scale, and this can never be done with 
accuracy. When sending aneroids by rail, or other 
carriage, they should be packed with three or four 
inches of cotton-wool, hay, or other elastic stuffing, 
all round them, 





PARTING GOLD AND SILVER IN 
CALIFORNIA. 

Most of the gold and silver bullion which comes 
to the San Francisco market, is parted by a very 
simple and ingenious process in a works situated on 
the outskirts of the city which occupy a space several 
hundred feet square of convenient access to the rail- 


————— 
road freight lines. All the bullion is received and 
assayed at the office of the San Francisco Assaying 
and Refining Company in the city, and is sent to 
the works with its exact value in both gold and silver 
stamped upon it. The bullion is either purchased 
after a careful assay has been made, or it is treated, 
and the product returned to the owner. The office 
and works are about two miles a) but are con- 
nected by a private —— line, so that there is 
constant communication between them, 

The process which is used has grown little by 
little out of the old practice of parting with nitric 
and sulphuric acid, and is now so entirely different 
from either of them that no trace of the steps which 
led to it seems to be visible, It is the simplest and 
in a metallurgical point of view the most expeditious 
as well as the least expensive of the porting pro- 
cesses. The work is accomplished with very little 
labour, and the process is one which merits the most 
careful study. 

The capacity of the works is about a ton of gold 
or silver bullion in twenty-four hours. 

This amount is, however, rarely treated, as it re- 
quires the works to run night and day. 

The process consists of eight different operations 
which are affected on the granulated bullion. 

1. Solution of the bullion in cast-iron pots, 

2. rows Sa the solution in a tank. 





8. Crystallisation of the sulphate of silver. 
4. Decomposition of the sulphate of silver by 


sulphate of iron. 
5. Preparing, pressing, and melting the silver. 
6. Treatment of the gold pot residues, 
7. Treatment of the residues from the settling 


is apparently | tanks 
unnecessary advice is given because aneroids are| 


8. Treatment of the sulphate of sesquioxide of 


iron. 

1. Solution of the Bullion in Cast Iron Pots.— 
The bars and bricks arrive at the works assayed, 
and the assay value determined at the office is ac- 
cepted as correct, The metal is inquartated for 
gold and silver and granulated. 

Every melting is separately prepared for the pro- 

inquartation, The melting pots are charged with 
rom 200lb. to 300 lb. of bullion. After meltin 
and thorough incorporation the charge is granula 
in a large tub of water, from which it is taken out 
to be dried, 

After drying it is ready for treatment by sul- 

huric acid. This is done in cast-iron pots, 26 in. 
in diameter, 18in. deep placed over a lace.’ It 
would be better if these pots were somewhat larger. 
They are arranged in two benches five in a row. 
Each bench is covered with a hood a the whole 
length of the bench, but descending low enough to 
prevent the escape of acid fumes into the room, 

Six pots could be used to advantage in each bench 
by the same number of men. Each pot is covered 
with a hood having a flue leading to large cham- 
bers for condensing the sulphuric acid, There is one 
chamber for each bench of pots ; the sulphuric acid 


ogy into a high chimney. The condensers 
are 15 ft. x15 ft., 38 ft. long; they are made of 
sheet lead supported by a framework of ‘wood. 


lass | The acid for the solution of the bullion at 66 deg. 


Baume is introduced from a tank upon the outside of 
the building by means of a valve which is controlled 
by a lever placed immediately ‘over the pot, and 
each pot has its own supply pipe. ‘The carboys 
of acid are placed in the tank ‘upside down, and 
left until they rom of themselves; the pots are 
filled 9 in. to 10 in, deep with acid. 

The fireman comes to the works about an hour 
before the refiners, so that the acid is well heated 
by the time they reach the works. When the refiner 
arrives he finds the acid sufficiently hot and charges 
the pots with three boxes containing about 75 Ib, of 
granulated metal." The front of the pot has an 

ning large enough to receive the ; this is 
closed by a movable cover of cast iron, with upright 
wrought iron handles to facilitate its removal. 

The cover in front is replaced, and the charge left 
to itself, being stirred however from time to time so 
that it does oe sa It pee from en four 
hours to dissolve the charge, depending upon the state 
of granulation, One refiner and a fireman do all the 
work of the five rv ats aitiase 

2. Settling of ¢. ution in a Tank.—The 
of silver wen A Me is kept so hot that it will not crys- 
tallise and is baled out, baling as dry as ible,, by 
pushing the gold residue at the bottom to one 
side of the pot. The solution of i gow of silver 
is carried into two Sings § tanks 9 ft. by 5 ft, and 





20in. deep, which are provided with covers which fit 
hernietioetly, They are filled to within 2 in, or 3 in, of 
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the top with carboy acid, where it is left to settle. 
The solution contains sulphate of silver, sulphate of 
copper, and if there was any lead in the bullion, 
sulphate of lead, which will be mostly in suspension. 
It also contains some fine gold mostly in suspension, 
which was carried over in the baling. The object of 
baling it into the tank is to separate any material 
not in solution. Ten cubic feet of dilute sulphuric 
acid at 58 deg. Baume heated to 110 deg. is added 
for every hundred weight of silver to be refined. 
Water is previously added to the solution to reduce 
it to the same density as the acid from the pots. 
The sulphate of lead becomes less soluble and is 
ore gages with some sulphate of silver which 

elps to clarify the liquor from any fine gold or 
other substance in suspension. The tank is placed 
over a fireplace heated with wood, and is kept hot 
during the operation of settling. This operation 
takes an hour, 

3. Crystallisation of the Sulphate of Silver —When 
the liquor is clear it is syphoned into another tank 
about twice as deep e of an iron vat placed 
inside of a leaden one, Between these two, water 
constantly circulates to cool the liquid, so that the 
sulphate of silver will crystallise. In case of a 
break or leak in the iron vat the lead vat would 
catch the liquid. The solution is run in about 
10 am. At seven the isation is complete, 
the cool, supernatant liquid, which is at 30 deg. to 
40 deg. Baume, is raised again into the receiving 
vats carrying with it all the sulphate of copper in 
solution. is is done by making thé cover of the 
first vats hermetically tight and producing a partial 
vacuum in them with steam; the liquid from the 
lower tank then rises without difficulty. 

4. Decomposition of the Sulphate of Silver by Sul- 
ee of Iron.—The sulphate of silver forms a yel- 
owish crust 2 in. to 3 in, thick on the bottom of the 
vat. Scattered through it there is a reddish powder 
of oxide of copper. e contents of the vat are 
shovelled out into a leaden box with a false bottom. 
This box is 3 ft. x 4 ft., and 1 ft. deep. There is one 
such box for five pots. A solution of hot sulphate 
of iron (green vitriol), completely saturated, is run 
through the crystals, running out into a large tank 
15 ft, x 9 ft., and 3 ft. deep. e this tank is 
the better for the operation, The sulphate of pro- 











toxide of iron running through the sulphate of silver 
first dissolves any salts of copper that remain, and 
then reduces the silver salt to a metallic state, and 
taking up the acid set free becomes sulphate of ses- 
quioxide. The crystals require to be turned over 
occasionally during the operation in order to ex- 
pose the surfaces of sulphate of silver. This opera- 
tion takes one man about four to five hours. hen 
the liquor first comes out it is brown, owing to the 
formation of the sulphate of sesquioxide of iron. 
When it becomes greenish the silver must be turned 
over, and when it is quite as green as on entering 
it shows that no decomposition is taking place, and 
that there is no more sulphate of silver being de- 
composed, the process is ended. Twenty per cent, 
of the subesited solution of green vitriol is required 
for every hundred weight of sulphate of silver 
treated. This solution in passing over the crystals 
of sulphate of silver has dissolved some part of it, 
which is however all regained. 

5. Preparing, Pressing, and Melting the Silver.— 
The silver is taken out of the box and put into a 
vat with sheets of copper, the silver being in inch 
layers between the sheets. This box is lined with 
lead, has a false bottom, and is on wheels. It is 
4 ft. x3 ft. and 3 ft. deep, and holds the silver from 
both solution tanks. This is left until next morning, 
having been filled the night before with hot water. 
In this way any sulphate of silver not decomposed by 
the iron solution is dissolved out and decomposed 
by the copper plates. 

The liquor from the copper plates is put on one 
side to be treated. The water is drawn off, the 
silver is taken out into another filter lined with 
drilling, and hot water run through it and tested 
for silver. If any is found the liquor is kept sepa- 
rate, if not it is washed as long as it shows any 
copper, iron, or acid. This takes from one to two 
hours, The silver is said to be sweetened when it 
is quite neutral and free from impurities. It is 
then carefully dried and pressed in a hydraulic 

ress into cakes about 1 ft. in diameter and 3 in. high. 

ese cakes are put into ovens and again dried with 

a much higher feat than before, and melted into 
bars of about 1100 ounces. 

6. Treatment of Gold Pot Residues.—When all the 
sulphate of silver has been boiled out of the iron 




















pots, the gold remaining behind is at once boiled 
with fresh acid from one and a half to two hours. 
The gold is ladled out with a strainer of cast iron 
into a pot containing hot acid enough to cover it. 
The part that cannot be taken out with the strainer 
is taken out with a hoe-shaped tool, and what can- 
not be taken out with this is left inthe pot. This 
causes no loss as it will be removed with the gold 
of some subsequent operation. The gold is now 
transferred into tanks, about the same size as the 
tank for washing the silver, with a vertical partition, 
the place for the gold being about three-quarters of 
the compartment. This compartment has a false 
bottom. The acid is baled on to the gold on one 
side, and baled out on the other. This acid is dis- 
tributed in the pots the nextday. About half a pot 
of acid is run through in this way, and takes about 
ten minutes. The gold is then put into a wooden 
filter and warm water run in until itis free from 
acid. This water contains a very small amount of 
silver, and is saved. The gold, when sweet, goes 
to the press and is dried and melted like the silver. 
The silver is made 998 fine; it can be made 999, or 
even 1000. This can always be done, but it is not 
desirable, since no allowance is made at the mint for 
such fine silver. It is not wanted for commercial 
pore finer than 998, so that it is never made 
ner. It is generally made of the fineness called 
for. The gold is made 990 to 993, or even 994. 

7. Treatment of the Residue from the Settling Tanks. 
—The settling pans are cleansed once a month. 
This day the acid is pumped up as before, heated, 
and drawn out and treated as usual; but no silver 
solution from the pots is added. The residue is 
washed to dissolve out sulphate of silver. It is then 
dried and fused with the silver and gold scum in a 
reverberatory furnace and cupelled. This residue 
is mostly lead, but contains some gold, carried over 
in the baling, and some silver, The ashes from the 
fireplace are ground and washed, and what metal 
can be separated is taken out, and the heavy ma- 
terial treated in the reverberatory furnace with the 
oxide of lead from the tanks. 

8. Treatment of the Sulphate of Sesquiowide of Iron. 
—The brown liquor which has run out from the 
silver crystal is kept to its standard with iron in a 
tank which is 15 ft. x 10 ft. and 3 ft. deep. The iron 
precipitates the copper and the silver. To treat this 

recipitate the liquor is pumped out, the mud in the 
ttom is put into the car for the silver crystals, and 
the brown liquor run through it to dissolve out the 
copper. This solution, rich in copper, is run into 
tanks and the silver in it precipitated with copper. 
About half the liquid is not blue and is run 
into the tank. e solution is brought back to a 
state of protosulphate, and the process goes on as 
usual, the liquor rich in copper after the silver has 
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been precipitated, is run into another tank where the 
copper is precipitated with iron. 

Corrugated iron from an old building was being 
used for this purpose. 

The excess of liquor is run into the sewer. The 
cement copper is dried, oxidised in a reverberatory 
furnace, dissolved in sulphuric acid, crystallised, 
and sold. ‘The cement silver is collected, and when 
the filter is full, is washed, dried, and treated as 
usual, The mud is put into tanks with copper as 
before, the whole of the ip 7 having been dis- 
solved by the brown liquor, Itmust be very care- 
fully washed in order to get the iron out. 

All these liquors are heated by steam. The acids 
are heated by fires. It takes two refiners, two helpers, 
two reducers, one sweetener and drier, and one 
pressman, that is eight men a day averaging eight 
hours, besides two melters and two helpers, twelve 
men in all, to refine one ton of gold. 

Some of these men, however, are at times doing 
other work. It takes the same for silver. 

The works can run 250,000 dols. or 13,000 or 
14,000 ounces of unparted gold, and about 1200 lb. or 
1300 Jb. of silver with it ; 14,000 ounces of gold can 
be refined in about eight hours, 








NOTES ON GAS MAKING.—No. VII. 
By R. H. Patrerson. 
On Utiuisinc Spent PuriryING MATERIAL, 

THE saving of refuse material is one of the grand 
objects upon the achievement of which the progress 
of manufacturing industry depends ; and it ought to 
be, and usually is, a prime consideration in every 
branch of manufacture. The first gold miners in 
California, seeking only for nuggets, threw aside 
vast heaps of the rudely sifted auriferous mud and 
gravel, as merely waste material; yet by-and-by 
their successors found stores of gold in those de- 
spised and rejected heaps of soil, and carried on a 
highly profitable trade in turning to account what 
the early miners had regarded as useless refuse. 
Just so has it been in every great branch of manu- 
facturing industry, whether in our own or in other 
countries. 

Gas manufacture has been no exception ; indeed, 
the history of gas purification has been one long 
and most striking illustration of the truth that ma- 
terials which are ignorantly treated as mere refuse 
at one time prove highly valuable as the manufacture 
progresses. The extraneous substances or impurities 
contained in gas when distilled from the coal were 
at first regarded simply as obstructions and un- 
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avoidable evils, and the woik of purification was 
engaged in by the companies reluctantly and grudg- 
ingly as a profitless expenditure. It is no exag- 
geration to say that the early gas manufacturers 
would have rejoiced if there had been no impurities 
or extraneous substances at all in the crude gas; 
they would have been glad if the products of dis- 
tillation had been such that they could have sup- 
plied it straight from the retort-house to the public. 
The tar was regarded merely as an incumbrance, 
and the ammonia as a destructive ingredient, which 
they had to get rid of at considerable cost to them- 
selves; and yet, as is well known, both the tar and 
the ammonia now constitute valuable items in the 
revenue of gas companies. The third great impu- 
rity, however—viz., sulphur—has not yet emerged 
from the primordial period of waste. ‘There is not 
a gas company in the kingdom that would not be 
glad if the coal yielded none of this yellow mineral ; 
nevertheless, in a very few years more I feel con- 
fident that sulphur also will rank among one of the 

rofitable residual products of. gas manufacture. 
ndeed, even the carbonic acid so largely contained 
in coal gas (cheaply-produced substance though it 
be) will, I believe, ere long be utilised commercially. 
In truth the old proverb, ‘* Waste not, want not,” 
and the newer and profoundly philosophical maxim 
that ‘ Dirt is simply matter out of place,” are 
coming, and must come, every year to be more and 
more guiding principles in every branch of manu- 
facture; and, to put the case figuratively, yet not 
in the least beyond the range of probability, we 
may ere long see the detested CO, of gas making 
employed in the manufacture of aérated liquors ; 
and London get its (so-called) soda-water as well as 
its light from Beckton and other great extra-urban 
gas works of the future, 

Meanwhile, passing by the waste ingredients in 
coal gas, let us consider the waste of the materials 
as 7 in extracting these impurities. 

ime, now that the right process of using it has 
been made known, whereby, combined with increased 
purity, a large gain is obtained in the illuminating 
power of the gas—is regaining its old predominance 
asa purifying material. In consequence of the advan- 
tages now known to be attainable by it, lime is 
once more employed by all the London gas com- 
anies. But the waste of this material, both in 
mdon and in the many other large gas works 
where it is employed, is enormous—it is most dis- 
creditable to gas manufacture— indeed it is (and soon 
will be acknowledged to be) an utter barbarism. 
The British Association of Gas Managers, in their 
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periodical visits to Beckton, while beholding by 
far the largest gas works in the kingdom, have also 
beheld a most striking illustration of the enormous 
waste of spent purifying material that is going on 
more or less in gas manufacture everywhere, At 
Beckton the visitors tread upon waste lime at every 
step; it covers acres of ground, The large area 
(about 60 acres) pertaining to the Beckton Works 
is 6 ft. below high-water mark, and on the portion 
occupied ,; by the works the Charter2d Company are 
levelling up the ground to high-water mark by 
means of the spent lime from the purifiers. The 
visitors may see trucks laden with the foul lime 
depositing their unsavoury contents ; and wherever 
a new pipe is being laid, or an excavation of any 
kind made, the cutting reveals the 6ft. of sul- 
phuretted lime, which forms the floor or surface upon 
which the work of gas making is carried on. Can 
any thoughtfulman—andsuch there are in the British 
Association of Gas Managers—behold this state of 
matters, and yet not ponder the important question 
which it naturally suggests? Although he may not 
see a remedy for it, he must at least—provided he 
be a thoughtful man—mark and regret so great a 
waste of refuse material, 

In ot gas works, and generally in Scotland, 
there is a demand for gas-lime sufficient at least to 
pay the cost of conveying it away from the works, 

ut in the large gas works in towns, the foul lime 
cannot be got rid of without expense, and hence, 
where there is ariver or estuary at hand, the lime in 
several cases is simply emptied into the river. But 
this most objectionable practice is now being pro- 
hibited by Act of Parliament, and the difficulty so 
greatly felt at Beckton will become universal in all, 
or nearly all the large gas works in Sagem I say 
deliberately that the sooner this difficulty is pressed 
home upon gas companies the better will it be for 
themselves. Necessity is the grand parent of in- 
vention, and as long as gas companies can jog 
along in the old ways they will do so, instead of 
making the discovery which awaits them that a large 
—— of what they still regard as useless and em- 

rrassing refuse is capable of being turned to pro- 
fitable account. 

Spent lime is useless inasmuch as the material 
has lost its caustic alkaline quality, which makes it 
valuable for the extraction of the acid or acidulous 
impurities in coal-gas, and the greater part of it by 
absorbing CO, has simply returned to its native 
state of chalk (carbonate of sae) But every one 
knows that it is one of the simplest things in the 
world to convert chalk into lime, or to render the 
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lime caustic and alkaline again after it hag been satu- 
rated with such gases as it absorbs in the work of 
purification in gas works. All that is needed is to 
apply heat, in other words to treat the fouled lime 
in the same way as the chalk had to be treated when 
originally producing the lime, 

ow, then, has it happened that this has not 
hitherto been done ? The explanation (well known 
to all makers) is this: that the lime was mixed 
throughout with the sulphar absorbed from the gas, 
so that it was impossible to “ revivify” the lime 
without occasioning an intolerable nuisance in the 
neighbourhood, In some cases this work was tried, 
by driving thesulphur-gases from the lime up through 
tall chimneys (sometimes clandestinely by night, 
‘when men sleep”) so as to avoid, or rather con- 
ceal the nuisance from the neighbourhood. Even in 
this way, however, it was impossible to revivify the 
lime regularly ; and it is needless to say, that tall 
chimneys do not prevent damage from deleterious 
gases, but merely diffuse and carry the noxious sub- 
stances to a distance, 

But it may be said : Since there is too much sul- 
phur in the lime to permit of its being revivified on 
the gas works, why not send the fouled material to 
chemical works, where the sulphur can be profitably 
extracted? This course has occasionally been tried, 
but has failed because unremunerative. And thus, 
gee companies have been ‘‘ betwixt the devil and the 

eep sea,” unable either to revivify the fouled lime 
themselves or to get others to doit. And if matters 
were still in the same position as they have hitherto 
been since making began, the companies could 
not reasonably be blamed for allowing this waste of 
lime to continue: at least I, for one, would not have 
been able to suggest a remedy. But the point which 
gas companies are slow to mark, and which I desire 
specially to call their attention to, upon economical 
grounds, is, that the aspect of the question is now 
fundamentally altered, and that asaving of material 
which was impracticable before is now readily at- 
tainable. 

The difficulty, as I have said, lay entirely in the 
condition of the fouled material. The lime as it 
was emptied from the purifiers contained carbonate 
of lime and sulphuretted lime to the relative pro- 
portions of 3 to 6. Hence there was far too much 
sulphur to allow of the fouled lime being revivified 
in the works, owing to the nuisance which would 
thereby have been created, and far too little sulphur 
to allow of the extraction of this impurity being 
remem conducted in chemical works, But now, 

repeat, the state of the question is ras rmoxagan-r 
changed. By my process of purification, whic 
began to be adopted in gas works in 1872, the fouled 
lime comes from the purifiers in two perfectly 
distinct portions, about three parts of the whole 
lime coming out of the purifiers thoroughly car- 
bonated, i.c., as carbonate of lime, and the re- 
maining one-fourth coming out purely and highly 
sulphuretted. The advantages of this result as 
regards revivification are obvious. The cause of the 
failure of old attempts to utilise gas lime for the 
sake of its sulphur was the fact that the sulphur was 
intermingled with many times its amount of value- 
less carbonate, thereby necessitating so great a 
quantity of useless material to be operated on that 
the process was uoremunerative—‘the game was 
not worth the candle.” But this cause of failure 
is wholly removed, because xow the sulphur is en- 
tirely severed from the carbonated lime, and also 
the sulphurated portion of the lime is su/phurated 
to the highest point ; it is, in fact, surcharged with 
sulphur, not ay with sulphuretted hydrogen, but 
also with the bisulphide of carbon. Thus only 
one-fourth part of the lime has to be operated upon 
for the extraction of the sulphur, and this —— 
contains nothing but sulphur, indeed is surcharged 
with sulphur; and, therefore, as only this fourth 
part of the lime has to be operated on, instead of 
the whole, the extraction of sulphur from gas lime 
may be done at only one-fourth part of the expen- 
diture which eaviny was necessary, while the 
quantity of sulphur contained in and obtainable 
from the lime is somewhat larger than before. The 
operation can thus be done at 75 per cent. less cost 
than formerly, with a larger yield of sulphur. 

On these grounds I am confident that the extrac- 
tion of sulphur from the gas lime can now be pro- 
fitably carried on; and I am only surprised that this 
natural concomitant effect of my new system of 
anna has not already been turned to account 

y a larger class of gas companies. 

Moreover (if desired), under my system of puri- 

fication, the quantity of sulphurated lime, after 


being produced, can be reduced in quantity upon 
the gas works. The sulphurated lime must always 
be sufficient in quantity to absorb the bisulphide of 
carbon, and must be removed from the purifiers 
while containing this sulphur impurity. But in gas 
works, where more than this quantity of sulphu- 
rated lime is produced, the extra quantity may be 
reduced to the inodorous form of carbonate on the 
works, in the following manner: As I have pre- 
viously repeatedly stated, the purifying action of 
lime upon crude gas is not /erminated (though it is 
temporarily exhausted) when it has become sulphu- 
rated. Accordingly, any portion of the sulphurated 
a any one of the sulphide of calcium purifiers) 
which is not necessarily required for absorbing the 
bisulphide of carbon, may be placed after my first 
or decarbonating set of purifying vessels, and 
worked as the last vessel of that set, whereby the 
lime in it is converted into inodorous carbonate of 
lime; and on leaving this vessel (containing the 
lime to be desulphurated) the gas is to be passed 
into one or more exfra vessels containing oxide of 
iron, wherein the SH, from the desulphurated lime 
is absorbed ; and thereafter the gas is to be returned 
into the ordinary course of the purifiers (i.e., into 
the second or sulphurated lime vessels), wherein 
the bisulphide of carbon expelled from the lime 
which it was desired to desulphurate, and which the 
oxide of iron could not absorb, will be absorbed and 
extracted. This desulphurating process is shown in 
the following diagram, where the purifier to be 
operated upon, i.e., which contains sulphurated lime 
not required for absorbing the bisulphide of carbon, 
is marked A. 
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Next, as to the carbonated portion of the lime. 
This amounts to three-fourths of the whole 
quantity; for, as shown by testings made by the 
gas referees in January and February, 1872, 
the proportion of carbonic acid in the gas as it en- 
tered the purifiers at the Bow and Beckton works, 
was three times as much as the sulpheretted hydro- 
gen, so that three parts of the lime must be car- 
bonated and only one part sulphurated. By my 
new method of working the washers or scrubbers 
this proportion may be reduced, although the CO, 
will still preponderate. But, taking the customary 
system, the carbonated portion of the lime will 
constitute three-fourths of the whole lime used in 
the purifiers. Now this larger portion of the lime 
can be dealt with in two ways. Either it can be 
sold for agricultural purposes—in which case it will 
secure a much wider market and a better price than 
the old foul lime, which contained the sulphur-gases 
which are injurious to vegetation—or (and this 
ought to be the course taken generally), this car- 
bonated portion of the lime can be revivified and 
restored to its caustic state, profitably to the com- 
panies and with absolutely no nuisance on the gas 
works. All that is needed is to do what was requi- 
site at first to produce the caustic lime, namely, to 
convert carbonate of lime (chalk) into caustic lime 
by means of heat. Thus gas companies can obtain 
caustic lime (by heating their spent material) at no 
greater cost than that which is required for the 
original production of lime from the chalk. But 
in truth this operation can be carried on in gas 
works even more cheaply than elsewhere ; for in- 
stead of constructing kilns and furnaces, gas- 
managers can apply to their carbonated lime the 
waste heat from their gas-making furnaces. And 
further, the companies will thus save the entire cost 
of transport, of bringing the lime from the kilns to 
the gas works, which usually constitutes the greater 
part of the price which they pay for this material. 

ny these means, both the lime and the sulphur 
can be utilised. The carbonated portion of the lime 
can be used over and over again ad infinitum, while 
the other and lesser portion, being purely and 
thoroughly saturated with sulphur, can be turned 
to account as an article of commercial value. As by 
my system of purification, now adopted in all the 
London gas works, the carbonated portion of the 
lime can be thoroughly carbonated, and rendered 
inodorus, [ am surprised that the simple process of 
revivifying it by heat has not yet been adopted on 
the works. The opportunity now afforded for doing 
so is so plain and obvious a result of my process of 








using lime that one might have thought it would ere 








this have been perceived and turned to profitable 
account, Even as regards the sulphurated portion 
of the lime, there are some large gas works, like those 
at Beckton, where the utilisation of the spent ma- 
terial can be carried on, without sending it to che- 
mical works, and by the company themselves, At 
Beckton, the extraction of the sulphur, and there- 
after the utilisation of the desulphurated lime, can 
be carried on without any objection on the ground 
of nuisance, quite as much as in any chemical works, 
And it.is easy to foresee that ere long all large gas- 
works in towns will be removed to extra-urban loca- 
lities, affording similar opportunities for the utilisa- 
tion of the now waste materials of purification. 

I am confident that ultimately, and at no distant 
period, the processes of utilisation here described 
will be generally adopted in gas manufacture, Not 
only will the lime be saved and used over and over 
again, but the sulphur will become another of the 
valuable residuals of gas purification. Just as the 
tar and ammonia have — valuable residual 
products, so will it be with sulphur. The condensers 
are paying from the tar which they extract, and so 
are the washers and scrubbers from the ammonia. 
The lime purifiers alone remain costly; but this 
expense likewise is bound to disappear, when the 
sulphur is saved and the lime used over and over 


again, 








THE 81-TON GUN. 

Durixeé the autumn of last year our readers will pro- 
bably remember that the 8l-ton gun went through a 
second series of trials at Shoeburyness. This was for range 
and accuracy, the first series—which was carried out at the 
proof butts at Woolwich Arsenal—having had reference 
to the pressures and velocities, or in other words to the 
determination of the nature of the powder, the weight of 
the charge and of the projectile. A third series of trials 
was commenced at Shoeburyness early in the present 
year, being for penetration, the gun having been brought 
up to the target at close range. This series does not 
involve a large number of rounds, which would neces- 
sitate an enormous expenditure for targets. The Heavy 
Gun Committee make the most of every round fired, 
cause and effect being carefully considered, in order 
to economise the splendid target against which the gun 
is directed. 

The target consists of four 8-inch armour plates manu- 
factured by John Brown and Co., of Sheffield. The 
plates are 16 ft. wide by 10 ft. high, and each plato 
weighs 23 tons. Between the plates are three 5 in. 
fillings of teak, which bring the total thickness of the 
target to47in. The teak filling is kept in position by 
means of old armour plates and strutted piles at the sides 
of the target, and by an old armour plate which is laid on 
the top. The plates are held together by 3-in. Pallis er- 
English bolts, and are coupled in pairs, the front plate 
being bolted to the second, the second to the third, and 
the third to the rear plate, which in its turn is bolted 
to the longitudinal timbers behind it. The target is 
built upon a concrete foundation of the width of the 
target by 5 ft. thick and 6 ft. 6 in. deep from ground 
level. In the concrete is embedded near the surface 
an old armour plate for the purpose of strengthen- 
ing the mass. The rear of the target is backed by 
a system of heavy 14 in. timber strutting and piling, 
which extends some 20 ft. from the back plate of the 
target. 

The first round was fired against the target on the 
Ist of February last, when the gun had a uniform calibre 
of 16in. The range was 120 yards, the charge 370 lb. of 
1.5 in. cube powder, and a Palliser service shell weighted 
with sand to 17001b. The shell entered the target about 
a foot below the point of aim—which was a little over 16 in. 
in diameter, being 6 ft. 3 in. from the right proper side of 
the plate, and 2 ft. 8in. from the bottom. The shell pene- 
trated the first three plates of the target, the point entering 
the fourth to the depth of about 1} in., causing four radial 
cracks to appear at the rear, which at that point was 
bulged about 8in. The lower horizontal timber was 
considerably crushed, and the whole structure, in fact, 
gave evidence of the severe blow it had received, which, 
however, it stood exceedingly well. The initial velocity 
was 1510 ft. per second, with an energy of 27,000 foot 
tons, or 537 foot-tons per inch of circumference. The 
striking velocity with 1496 ft. per second was 26,400 
foot-tons of energy, or 525 foot-tons per inch of circum- 
ference, After the shot had been fired a gutta-percha 
impression was taken of that portion of the interior of 
the steel tube in which the crack had been developed 
during the firing at long ranges, and which is situated 
in the powder chamber. The result showed that no 
alteration had taken place in the fracture, so that a shot 
at an unbacked 8-in. iron plate with common blind shell 
was fired. The plate was 12 ft. 3 in. long by 4 ft. 3 in. 
high, and shot holes already existed in one half. The 
gun was laid against the sound half, the object of the 
round being to ascertain if a common shell would break 
up on striking the plate or would penetrate it. The shot, 
on striking, drove a large piece of the plate weighing 
about 1} tons before it into the sea and broke the portion 
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which remained into fragments, The shell broke up and 
the fragments went out to sea. 

After these experiments the gun was returned to the 
Royal Gun Factories at Woolwich to be again converted 
into a chambered weapon. It will be remembered that 
when the gun had a uniform bore of 15in. it was 
chambered to 16 in. Then the bore was made uniform at 
16 in., in which -condition it underwent its first trials at 
Shoeburyness. The chambering was now to be 18 in. in 
diameter for a length of 584in. This change was effected 
and the gun was returned to Shoeburyness, where the 
second round against armour was fired from it.on the 
4th instant. On that occasion the charge was 425 Ib. of 
1.5in. cube powder, and a Palliser shell weighted to 
1700 1b. with sand and plugged. The projectile was 
studded, and to its base was attached a Lyon gas —— 
which consists of a disc of copper having a thicke 
rim which is expanded into the grooves of the bore by 
the pressure of the gases of the powder, ,. Tho range; as 
before, was 120 yards. Theshell entered the target, pass- 
ing through the first three plates and entering the fourth 
plate to a depth of 2in. The nose of the projectile was 
visible through the back of the rear plate which was 
severely cracked with a star of six long rays, one of 
which extended into one of the cracks formed by the 
previous round. The plate was bulged about 12 in., the 
immediate timbers being considerably crushed, and others 
less contiguous being split here and there and generally 
started. The shot made a hole about 17 in. in diameter 
in the front plate, and broke up in its place of lodgment. 
It appeared evident that the shot had been unsteady at 
the moment of impact, and this was probably owing to 
an increase of powder charge, and consequently of velocity 
without an increase of range. The shot having set u 
did a large amount of work circumferentially ; had it 
been otherwise it is probable it would have penetrated 
the rear plate most completely. The initial velocity of 
the shot was 1600 ft. per second—the highest yet attained 
by any gun—giving an energy of 30,180 foot-tons, or 
600.3 foot-tons per inch of circumference. The striking 
velocity was 1585 ft. per second, giving 29,620 foot-tons 
of energy, or 589.2 foot-tons per inch of circumference. 
The average chamber pressure was found to be 19.9 tons 
per square inch, a result which is well within the limit 
assigned by the Woolwich authorities, which is 25 tons. 
The charge had 34 cubic inches of air space per pound 
of powder, and was ignited centrally through the rear, or 
axial, vent. The hollow space for central ignition in the 
centre of the cartridge, which was formerly preserved by 
means of a wicker pottle or basket, is now maintained 
by a zinc pottle, which answers the purpose very well, 
and is entirely consumed or vaporised. The charge 
itself was contained in a silk bag. The power of 
penetration possessed by the 8l-ton gun in _ its 
chambered condition is thus proved to have been 
slightly superior to that of the 100-ton gun at Spezzia. 
It is to be remarked, too, that this force was generated in 
the gun witha defective tube. After the round was fired, 
a gutta-percha impression was taken, which showed 
that no alteration whatever had taken place in the crack, 
the gun still ‘remaining in a safe condition for further 
work. [t will thus be seen that the Woolwich gun con- 
tinues to give entire satisfaction, its performances being 
alike creditable to those who designed it, and to those 
who gave it form. It was returned to Woolwich after 
the last round in order to utilise its carriage for the trial 
of the first of the four 81-ton guns now being constructed 
at the Royal Arsenal for the Inflexible. The first of these 
guns will shortly be ready for proof, which will probably 
take place at Woolwich. It will have an experimental 
calibre of 15.5in., and will be rifled with 32 grooves, 
as it is intended to try it with an expanding gas-check 
fixed to the projectile to give it rotation, so as to dis- 
pense with studded shot. 








FOOT-BRIDGE ACROSS THE RIVER NESS. 

WE illustrate on page 276 a foot-bridge of extremely light 
construction recently erected across the River Ness, at 
Inverness, by Messrs. William Smith and Son, from the 
designs of Mr. CO. R. Manners, of Inverness. The total 
length of the bridge is 278 ft., divided into two half spans 
of 50 ft. each, and one centre span of 173 ft. The piers 
are formed of cast-iron cylinders filled with concrete, and 
placed 13 ft. apart from centre to centre. Upon 
these cylinders two posts 23 ft. 6 in. high to the bear- 
ing of the saddle, are placed. They are formed of 
a T iron 5 in. by 24 in. by 55; in. rivetted to an angle 
iron 2} in. by 2} in. by 3% im. at each of the four angles, 
and placed 2 ft. 6 in. apart at the bottom, converging to 
1 ft. 3 in. at the top. These standards are braced 
together by lattice bars 1} in. by yg in., and the two 
posts are connected together at the top by light angle-iron 
brackets, to form the tower. Over the saddle on each 
post is placed a cast-iron cap. The bridge is carried by 
two steel wire ropes 6 in. in circumference, and the ends are 
secured in a tapered hole formed in a cross bar, Fig. 8, 
through the ends of which, adjusting bolts 12 in. diameter 
pass through the end of an anchor bar, 6 in. by 1 in., 
which goes through the concrete mooring block, 10 ft. 
by 10 ft. by 26 it., and is held down by a cotter 2} in. by 
1j in, on the underside of a cast-iron anchor plate 3 ft. 


where the anchor bar is bent round into a vertical position 
(Fig. 11). The suspension rods are § in. in diameter, 
and the attachment to the cables and girders is 
shown in Figs. 8 to 7. The former consists of wrought- 


projecting below it far enough to receive a } in. bolt, 
on which is also placed the end of the suspension rod 
(Fig. 7). The bottom of the rod is bolted to a small 
plate bracket 4 in. by 4 in. by } in. attached to the bridge 
girders (Figs. 5 and 6). The longitudinal girders carrying 
the floor are 4 ft. 3 in. deep, and are formed, the top 
member of a T-iron 3in. by 3in. by ,%, in., and the 
bottom of an angle iron 4 in. by 1} in. by 4 in. connected 
by angle iron a. cage 4 in. by 1l}in. by}in. The 
flooring is carried by cross beams of two angle irons 
riyetted together 2 in. by 1}in. by } in, at intervals 
of about 9 ft, and with intermediate joists of single 
angle irons 3 in. by 1$ in. by } im. One of the 
angle irons of the stronger beam is brought up and 
attached to the top member of the girder (Figs. 3 and 4). 
The floor, which is 6 ft. wide, is composed of 2 in. plank- 
ing, with sills on each side 5 in. by 34 in. 

This bridge, which is the first of two to be erected 
across the Ness by the same engineer, was opened for 
traffic last summer. The total cost of the structure was 
1001/., the amount having been subscribed by the towns- 
people of Inverness. 


LOCOMOTIVE CROSSHEADS. 

We give on page 377 engravings of which Figs. 1 to 3 
show the standard type of locomotive crosshead adopted 
by Herr Borsig, of Berlin, while Figs. 4 to 6 illustrate 
a pattern of crosshead which has been substituted 





P | for Herr Borsig’s on a number of engines on the Griazi- 


Tzaritzin Railway, Russia, by Mr. Thomas Urquhart, 
the locomotive superintendent of the line. Herr Borsig’s 
crossheads are produced by the process of hydraulic 
forging, and we have on former occasions spoken of the 
neatness of their design. On the Griazi-Tzaritzin Rail- 
way, however, it appears that during six years’ service 
as many as thirty of these crossheads gave way as shown 
by the line A A in Fig. 2, while a few of them also gave 
way as shown by the line BB in Fig 1, and these failures 
led Mr. Urquhart to design the type of. crosshead shown 
by Figs. 4 to 6, and to substitute them for Herr Borsig’s 
original pattern. 

Mr. Urquhart’s crossheads are forged from scrap iron, 
the piece between the cheeks being slotted out and the 
crossheads being casehardened. The slides are of cast iron 
lined with white metal, and they are found to wear well, 
running about 14,000 miles without requiring relining. 
The slides are adjusted by the interposal of thin liners 
between them and the crosshead, while the relining with 
white metal can be done at any depét, the slides being 
simply run up in their places. The crosshead pin, as 
shown in Fig. 6, is tapered on each side of the crosshead 
and is held in place, by a nut as shown. Altogether Mr. 
Urquhart’s crosshead is of very neat and simple design, 
and it has been found to give no trouble. 








WATER PRESSURE MACHINERY. 

Art the twenty-first and twenty-second ssa, gy nee 
held on Tuesdays, the 8th and 15th of May, Mr. George 
Robert Stephenson, President, in the chair, was 


C.E., on “The History of the Modern Development of 
Water-Pressure Machinery.”’ 

The author’s attention was first called to the subject of 
water pressure asa motive power, by noticing the waste of 
power exhibited by mountain rills in the Craven district of 
Yorkshire. He was thus led to devise a water- 

engine, which combined the use of pistons with the con- 
tinuous rotation of a water-wheel. large working model 
of this wheel was tried in 1839, by connecting it with the 
street water pipes in Newcastle, when it gave a high co- 
efficient of effect. About the same time he pointed out that 
a stream of rapid descent might generally be conveyed in a 
nearly level cut along one of its banks, until it attained a 
great elevation above the valley, and until a point was 
reached where the fall could be rendered available by a pipe 
of moderate length. > 
tous streams which were capable of furnishing a susptising 
amount of power, especially if combined with flood-water 
reservoirs to equalise the supply. He likewise argued that 
the water supplied to towns for —— a could, in 
many cases, be advantageously employed for working all 
kinds of machines. He showed + it would be more 
economical to use water for the of a given weight 
of merchandise than hand labour, and that it would result 
in greater expedition. The —— too, was enunciated 
that, when water was lifted by a pumping engine it became 
the recipient of the power enostel in raising it, and that if 
the same water were used as a motive power in 

to its original level, it would render back the power con- 
ferred upon it by the engine; so that the power of the 
ping engine might be transmitted to a distance. 
istributed in large or small quantities as required. A 
crane was then designed, in which the lifting was ang 
by the single stroke of a piston, multiplied by folding the 
chain over sheaves in the inverted order of pulley-tackle, 
the slewing motion of the jib being effected by @ separate 
cylinder, the piston of which was attached to a rack work- 
ing into a circle of teeth at the base of the crane. aaa a 


cylinder, when the weight on the chain was to he 





6 in. by 4 ft. A bearing plate 18 in. by 1 in. is introduced, 





suitable valve the water was admitted into the 
and suffered to escape when the weight was to be lowered. 


iron stirrups 2 in. by # in. passed over the cables, and i 
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read by Sir G. W. Armstrong, C.B., F.R.S., V.P. Inst.. tain vall 


Also, that there were many precipi- | 417, 


the pres- 
sure in the supply pipe, so as to it the pent-up water 
in tho cylinder to be oe in the su) Aa actenmaced 
ever the com in pressure 
of the water in the pipe. e linder was also 
fitted with an appropriate valve for the water to 
either side of the . e it an escape from 
the opposite side. Relief valves were ise. applied at 
each end of the slewing cylinder, to save the machinery from 
being broken or strained by the momen are when 
the regulating valve was suddenly closed, Tn 1846, a crane 
on this principle was erected at , and speedily 
attracted the attention of engineers © late Mr. Jesse 


Sy ee 
when ; e 
water soon became 80 Val that t of 
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system was considerably checked, until the alternative 
method of employing a steam engine, to generate the - 
sure, was introduced. i¢ cranes for rai 
stations were first adopted in 1848 by Mr. Harrison, P, 
President Inst. C.E. 
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\ wer from town reservoirs; but 
about that time the author substituted an air vessel for an 
elevated tank. In 1849, the late Mr. Rendel consulted the 
author as to employing hydraulic pressure at the Grimsby 
Docks, not only for working cranes, but also for opening 
and closing the dock gates and sluices. To obtain the. 
necessary pressure a tower 200 ft. in height was erected, to 
carry a reservoir into which water was pumped by a steam 
— The machinery came into operation in 1851. In 
1850, Mr. Fowler, Past-President . C.E., decided to 
apply hydraulic pressure for the cranes in the sh 
the New Holland Ferry Station, and also for raising and 
lowering two platforms to communicate between the rail- 
way and a floating landi on the river. As local 
conditions prevented the m of a water tower, the 
author was led to the idea of the present accumulator. 
Until 1849, the author had met with no opportunity of 
ing original idea of utilising mountain rills; but 
he was then consulted by Mr. Sopwith, M. Inst. C.H., as 
to substituting water- ure engines for overshot water 
wheels at Allenheads. The water was collected in reservoirs 
at elevations of 200 ft., and all the purposes to be served 
required rotative motion. Reci: i ines were, for 
various reasons, . Each engine two cylinders 
placed at an angle of 90 deg to each other, and working 
upon the same crank-pin. Balanced cylindrical valves 
were used, and the were large, to keep down the 
velocity of the om Relief valves were applied to 
—— at the end of the stroke. An extension of 
ydraulic werrae involving the use of accumulators, 
was made later in the vicinity of Allenheads. ‘ 
In 1851, the late Mr. Brunel proposed the application of 
hydraulic pressure to turntables, traverses, and hauling 
capstans, and an extensive plant of such machinery was 
erected at the Paddington station of the Great Western 


By the end of 1851, the principal of transmitting and 


distributing the power of a steam engine through the medium 
of water stored in an accumulator become thoroughly 
established. The 


orton idea of utilising mountain 
torrents, which was the progenitor of the accumulator 
system, had only been partially realised ; but although the 
cascades and rapids in many unfrequented districts were 
still generally neglected as sources of motive power, and 
might continue to be so while coal was plentiful and moun- 
eys difficult of access, yet it could 

be doubted that the descent of water from elevated 

was destined, at some future day, to become an important 
source of motive power. The transmission of the power 
might be facilitated by employing the prime moving column 


to |p water into accumulators, and by conveying the 
highly pressed waters in a com’ tively small pipe to 
situations where its value would be appreci . The 


ine required would be a mere intensifier of pressure, 
and would be of the simplest description, consisting mainl, 
ofa press ram and a pump ram, in direct connexion wit 
each other, and having their areas rtioned to the 


acting pressure on the one side and pressure 
on the other. Even falls of small height, suficiont only for 
water wheels and turbines, could be empl for giving a 
high pressure to water for t of ission, and 

had been done near Allenheads ; and it had 


The author then proceeded to describe the yarious forms 
of water-pressure machines which had come into use under 
the heads of hydraulic cugines, hydraulic cranes, movable 
cranes, movable jiggers, hydraulic hoists, coal disc i 
apparatus, coal-loading machinery, hydraulic machines for 
ae: rp sluice ae mim oa aie Pays 
Ww machinery, ry ons ’ 
and a using i 4 explained Se modi. 
fications and improvemonts which had been progressively 
the state of development at which water 


made, and show 
pressure i arrived, 





Gas In Paris.—The monopoly of the Parisian ey 
for be ae and Heating by Gas isan extremely profi 
one. us the total ‘of the company for 1876 
Tie dae i ie, le oe iad 
¥ ear } 
pal os Pacis but notwithete swith on vpapital 
i ‘aris ; n i share capi 
vn fo a dividend for 1876 ‘at the Fate of 244 per cent. 
+ lene as with 22 per cent. for 
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THE PRODUCTION OF COAL AND IRON 
IN PRUSSIA IN 1876. 

A German correspondent writes: “ With praiseworthy 
promptitude a preliminary statistical statement of the 
production of coal, brown coal, and iron in Prussia in 
1876, has been drawn up and published. According to 
those statistics, the production of coal and brown coal in 
1876 has risen to a hitherto unprecedented height. In 
1875, which year showed the till then highest production, 
668,385,989 cwt. of coal were raised, while in 1876 the 
production rose to 689,200,689 cwt., 20,814,700 cwt. more, 
or 8.1 per cent. The production of brown coal amounted 
in 1876 to 178,098,674 cwt., and consequently exceeded 
that of 1875 (166,805,182 cwt.) by 11,293,492 cwt., or 
6.8 per cent. Should—upon this increase in production, 
which has been extraordinary especially if compared 
with the years before the payment of the milliards, and 
has steadily continued contrary to expectation—a réaction 
greatly accelerated by the mildness of the winter set in, 
we may look forward to an event much to be deplored, 
yet inevitable, but which could not have been prevented 
even in a more favourable time of business. 

“In contrast to the production of coal, the manufacture 

of iron in Prussia has experienced a decline. Of pig iron, 
the production of which in 1875 amounted to 27,966,730 
ewt., only 25,649,281 cwt., consequently 2,317,449 cwt., 
or 8 per cent. less, have been produced in 1876. Com- 
pared with 1874, however, the production of 1876 some- 
what surpasses it, and is considerably exceeded only by 
the two exceptional years 1872 and 1873. The produc- 
tion of rod iron in 1876 was 16,287,640 cwt., as against 
16,840,236 cwt. in 1875; and of steel, in 1876, 7,058,028 
ewt., as against 7,296,161 cwt. in 1875. The decrease 
against the preceding year is, in the case of rod iron, 
552,596 cwt., or 3.2 per cent.; in the case of steel, 
288,138 ewt., or also 3.2 percent. It was to be expected 
beforehand that the year 1876 would show a decrease in 
the production of the iron industry. But, considering 
that the decline in the manufacture of rod iron and steel 
was only 3.2 per cent. in a year so unfavourable as 1876, 
there is no cause to despair of the future of the German 
iron industry.” 








Panama RarLtroap.—The Panama Railroad Company 
is now earning a net return of 13 per cent. per annum upon 
its capital. The company has received formal notice from 
the Colombian minister of finance that it must proceed 
within six months to out its contract to prolong the 
road to one of the islands in Panama Bay, where there 
is safe anchorage for large ships. 





Tax Szewace or IsueEwortu.—The authorities of this 
place, as well as those of Richmond, Brentford, King- 
ston, &c., have long been under the hands of the Thames 
Conservancy, who have threatened and prosecuted for 
penalties of 501. per day, consequent on the sewage of each 
place being cast into the Thames. Last week an injunction 
was novel against Isleworth, in Vice-Chancellor Malins’ 
Court, to prevent the further pollution of the Crane, which 
carries the Isleworth sewage into the Thames. This little 
stream, which was some twenty years ago filled with fish, 
has been converted into a running ditch. The Vice-Chan- 
cellor took a merciful view of the case, and withheld the 
injunction until next January, on the understanding that 
the authorities would do their best to’abate the nuisance. It 
appears that they are about to adopt the A B C process 
as soon as they can get land on which to erect the neces- 
sary works. 





Tur Krne’s Cottece Enainerrine Socrrry.—At 
a meeting of this society held on Friday, May 11th, Mr. 
A. H. Leaf read a paper on ‘‘ Mechanical Power on Tram- 
ways."’ The author began by noticing that it was in the 
road tramway of olden times that the modern railway 
system had its origin, and that it was at first sight re- 
markable that after the latter had undergone so wide a de- 
velopment we should return to the original idea of running 
steam engines in our streets. He then proceeded to point 
out the conditions which must be fulfilled by a mechanical 
tramcar, the circumstances in which it will generally be 
worked, and the peculiar difficulties arising from the fact 
that the tramway itself was not subject either to the same 
laws as that of a railroad or ordinary highway, though 
influenced by those of both. A large surplus of power 
must be provided for ascending gradients and passing 
round curves, and the engine must be silent and in other 
ways suitable for running near horses, and above all it 
must be made as light as possible, as a tramway is not in- 
tended for heavy traffic. After enumerating the advan- 
tages to be derived from the adoption of mechanical power 
on tramways and showing the commercial saving, the 
author com the results of various motive powers that 
had been tried, as steel springs, superheated water, com- 
pressed air, and steam, stating his belief that for the pre- 
sent, at any rate, steam is the mf wer that can be used 
with advantige. He then described the combined steam and 
compressed air car of McKarski, Scott Moncrieff’s air car 
Grantham’s, and Merryweather’s steam cars, and expressed 
a preference for the system adopted by the latter of usinga 
detached locomotive as being better for the road and more 
convenient, because with it the existing rolling stock of 
any com can be utilised, and on occasion extra cars 
can be attached. Inconclusion he remarked that though 
a deal remained to be done in the machines them- 
selves, still more must be done in improving the road, by 
rendering it suitable at the same time to the ordinary 
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Tue illustrations which we give on the present 
and opposite pages, showing improved arrangements 
applicable to wheel-moulding and wheel-cutting machines, 
such as are now extensively used, embody special 
features, worthy of careful examination. For the purpose 
of dividing circles with ease and accuracy into any 
required number of equal divisions, as is necessary 
in wheel-moulding, wheel-cutting, and many other 
machines, the inventor of this apparatus, Mr. J. C. Scott, 
of Manchester, has with great simplicity, adapted a 
thoroughly mechanical and theoretically perfect arrange- 
ment for the attainment of his object. 

It has hitherto been usual in machines of this class 
to employ a series of “change wheels,” by the variation 
of which a certain definite number of changes in the 
pitch or interval of division can be produced, but in the 
machines we show in our engravings, all change wheels 
are dispensed with, and the limitation as to pitch or in- 
terval of division is practically infinite. 

Fig. 1 shows one of the usual form of Mr. George L. 
Scott's wheel-moulding machines, of the old and well- 
known style, but altered by the removal of the change 
wheel apparatus, and the substitution of the new 
arrangement, which has been designed by his son. 
Fig. 2 shows the new form of the machine as now con- 
structed from the latest designs, in which the patent 
dividing apparatus and a new movement to the sliding 
beam are combined. Fig. 3, on the opposite page, shows 
the ges of the same patent dividing apparatus, as 
applied to a very neatly designed and thoroughly well- 
made wheel-cutting machine. 

The invention itself, speaking strictly, consists in the ap- 
plication of a small hinged stop carried by a movable slide 
placed on the edge of a plate wheel or disc, about 10 in. 
in diameter, which is clearly seenin each machine. This 
disc is a fixture, and through its centre works the spindle 
and worm which gears into the master worm-wheel of 





—_— and ws hecioetea' ly dine traffic of the By ‘ 
and extoranl arvangements of all the care described. 


the machine, the spindle being turned as may be needed 
by the handle seen in front. The worm-wheel may be of 
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WHEEL-MOULDING MACHINE. 
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any convenient size and pitch, but must of course be 
thoroughly well cut to reproduce good work. The worm 
wheels in the machines we illustrate have been made with 
200 teeth, but there is nothing to prevent any other 
number of primary divisions being employed. The handle 
shown on the end of the worm spindle has a spring catch 
in it, which slips into a notch cut for its reception in the 
face of the disc, when the handle is in its normal position 
as shown; the handle is also so arranged that it can 
be made loose, or firmly grip the worm spindle at the 
will of the operator using the machine, by simply turn- 
ing a small handle and screw as shown in Fig. 1, or by 
the longitudinal movement imparted to the central pin 
shown in Fig. 2, in which case the handle is hinged 
for this purpose at about midway of its length. In 
each case the effect is the same, and the handle may 
be made to slip freely on the spindle, or to turn 
the spindle as may be desired. It is evident, there- 
fore, that if the handle be made to grip the spindle 
and one complete turn be given to it, the re- 
sulting movement will be that the machine will have been 
moved in exact accordance with the division of the worm- 
wheel, or one 200th of the circumference of a circle, and 
would therefore in a wheel-moulding machine, as Fig. 1, 
be suited for making a wheel with 200 teeth. But 
if a wheel of only 100 teeth were required, it is equally 
evident that two turns of the handle would produce the 
required result. But if 201 teeth were needed, or any 
number greater than 200, the handle must be moved 
something Jess than one entire revolution ; and if less 
than 200 teeth be required, the handle must make some- 
thing more than one revolution. For properly attaining 
this purpose, the periphery of the disc is carefully divided 
into 1000 parts, which are clearly marked upon it by fine 
lines. 

The movable slide with its little hinged stop, can be 
set to any one of these divisions, or even, if need be, be- 
tween any two of them, though such accuracy will be 
practically wu: ry. Thus fora division for 100 teeth 
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the handle must be made to turn the spindle two entire 


turns, that is, °2°—9, for 150 tecth 2°— 1.333 turns; 
100 150 
for, say, 157 teeth eml2788 full or 1.2739 nearly ; for 
5 


201 tooth 2°? =0.995, the error either way being some- 


thing less than s5;4,55th of the circumference. 

But to render this system of measurement, which in 
itself is not new, practically useful for the purposes 
named, we find the movable hinged stop and the loose 
movement of the handle, or the patented portions of 
the apparatus, applied. Taking the first example (100 
teeth) the handle would simply be made to take two 
turns, that is, from the notch round to the notch, 
twice to produce the first division. In the second 
case, the movable slide would have to be “set” with 
the face of the hinged stop at the division line .333, 
or at }of the way round the disc from the notch, and 
being thus set the hinged stop must be turned back out 
of the way so as to allow the handle to pass it on its first 
turn, but must be put down so as to stop the handle at 
that precise point on its second turn. Then the spindle 
should be fixed in its position by the “set screw” seen 
best in Fig. 2, while the handle itself is set free from 
the spindle (as before described) and passed backwards 
from the stop to its normal position. When again 
tightened on the spindle and the side “set screw” is 
slackened, the next division can be produced in like 
manner. In short, the action may be described as con- 
sisting of “a turn,” or “turns,” or “a part of a turn,” 
or “a turn and a part of a turn,” or “turns and a part of 
a turn.” 

_It will easily be understood how this system of sub- 
division may be carried to any desired degree of exacti- 
tude, by the increase of the number of teeth in the 
master wheel, and by the enlargement of the disc 
and the increase of the divisions upon its periphery, 
or, if needed, by the change of the dise into a second 
master wheel, and the application of the disc to it 
as before, by means of which the minuteness of the 
divisions could be carried to any extreme short of 
infinite. » We have made personal examination of 
some of these machines, and have found them giving 
great satisfaction, both to the owners and to the work- 
men using them. 

The care required in the use of these machines is no 
greater than that which is necessary in any others of a 
similar nature. The application of the patented stop, 
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and the loose return motion of the turning handle, is 
exceedingly simple. It will have been noticed that one 
of our examples (201 teeth) is a case of a prime number, 
the production of which by any combination of change 
wheels, not having over 201 teeth among them, is simply 
impossible from a master wheel with 200 teeth, except 
with a partial movement of the handle to some point 
other than its normal stopping-place, which said point 
would change and need to be carefully remeasured each 
time the required movement from tooth to tooth is to be 
made. 

In the new arrangement, however, the measurement 
is once, and only once, made for each wheel that has to 
be moulded, cut, or divided, and the pitches or divisions 
that are formed will be absolutely. equal from first to last, 
and any number of divisions may be made from 2 up to 
200,000 by the disc as supplied, or to higher numbers if 
needed, without a single change wheel. The useful 
application, therefore, of the invention cannot fail to be 
appreciated, and should tend to a great extension of the 
use of wheel-moulding and wheel-cutting machines, and 
the consequent improvement in all classes of machinery 
in which toothed wheels are employed. 








ROPE DRIVING IN COTTON MILLS. 

WE give this week a two-page engraving of a pair of 
horizontal compound condensing engines, recently erected 
by Messrs. Goodfellow, of Hyde, at a cotton mill at Hyde 
Junction, near Manchester. As will be seen from the 
engravings, the power of these engines is transmitted 
from the flywheel to two grooved pulleys by means of 
round ropes. This system of driving is meeting with 
considerable favour in some districts, and it undoubtedly 
possesses several important advantages, especially in cases 
such as the one we now refer to, in which the speed of 
the driven shafts is required to be rapid. 

The engines are of a well-known compound type, 
having a high-pressure cylinder 16} in. in diameter and 
a low-pressure cylinder 83 in. in diameter, the stroke in 
each case being 4 ft. 6 in.,and the pistons driving cranks 
at right angles to each other. The air pump is worked in 
the usual manner by means of levers attached by short 
links to the crosshead pin of the low-pressure engine. 
The engines are worked with steam at a boiler pressure 
of 80 lb. per square inch. 

The general arrangement of the engines with a clear 
and well-lighted passage way allround and about the 
foundations, is simple and roomy. The driving drum is 
the flywheel, and being constructed with V-grooves to 


receive twelve ropes, each 6 in. in circumference, it is 
necessarily rather wide. Extra room is thus taken up by 
the engines as a whole, but there is an advantage in 
this, so far as the air-pump and condenser arrangement 
is allowed to share in the general freedom ; for instead 
of these portions of the engine being buried in darkness 
and dirt, as they usually are, we find them in this 
instance clean, dry, and pleasantly accessible. 

In cotton mills it is essential that the turning of the 
shafting shall be as even and smooth as it is possible to 
be, in order to obtain the best results from the spinning 
machinery. The steadier the turning, the greater may 
be the speed. of the spindles, and when this is a matter of 
thousands of revolutions per minute, and the perfection 
of the thread or yarn and the quantity produced depends 
on the regularity of the speed as well as upon the other 
perfections of the machinery suited for the high speed, 
then the importance of steady communication of motion 
must be evident. In the case under notice the engines 
run at 50 revolutions per minute, while the spindles run 
at about 5000. 

The flywheel or drum is 22 ft. in diameter and runs 
with a circumferential speed of about 3450 ft. per minute. 
In addition to the weight of the revolving flywheel or 
drum, which is of course the main item in this part of 
the matter, there is some advantage derived from the 
moving of the eleven ropes travelling at the same speed 
as the periphery of the flywheel, and also from the re- 
volutions of the two driven pulleys, which are small fly- 
wheels themselves. The actual result is that the motion 
of the ropes is exceedingly steady. There is an entire 
absence of all that vibratory movement so often seen in 
belts and bands in the various rooms of cotton mills 
driven by engines afflicted with irregularity of engine 
speed resulting from imperfect valve arrangements, or 
from light flywheels, which clearly proves that in this 
case these evils are avoided. , 

The exact form of the groove is shown in the detail 
view, Fig. 3, on our two-page engraving, this view 
being drawn one-third full size. The width of the groove 
at the entrance is 2,4 in., and the total depth 3} in., while 
the radius of the bottom curve is $ in., and the angle 
formed by the two sides is about 49 deg. The rope rests 
upon the two inclined sides, as shown, and does not, 
when pressed by its full duty somewhat out of its original 
cylindrical form, reach the bottom of the groove. In the 
case before us, the power of the engines developed at full 
work is about 300 indicated horse power, which equals, 
say, 27 indicated horse power per rope. The speed of the 
ropes being, as already stated, about 3450 ft. per minute, 
shows that the pull on each rope is about 258 ib, or a vel 
moderate strain for a 6 in. circumference hemp rope pet & 
as is used, and under these speeds and strains the ropes 
appear to wear well, showing no signs of distress at the 
time of our visit, when they had been running for some 
ten or eleven months. 

Before the use of ropes for this mill was determined 
upon, a calculation was pre for driving by leather 
belts instead, but the estimated price of the belts them- 
selves was so great (viz. 324/.) that.the idea of their use 
was abandoned in favour of the ropes, the total cost of 
which was only 731 The simplicity of this method of 
driving, as compared with any arrangement of wheel 
gearing and intermediate shatting for carrying it, is 
very evident, and the quietude of the engine-room is such 
as can only exist in the absence of wheel gearing. 





SUGGESTIONS ON PATENTS BY AN 
AMERICAN INVENTOR. 
To THe EpiTor oF ENGINEERING. 
Sr1r,—An intimate knowledge of the operation of the 
United States patent system, acquired during a long 
residence in America, justifies me in the opinion that the 
new Patent Bill is a very imperfect and unjust measure. 
It has never been denied that an invention is the property 
of the inventor, but the new Bill ignores his right thereto, 
as it popes fn pes i inventor 
from him and make the knowledge contained therein 
public. This provision of the Bill smacks strongly of Com- 
munism, as it aims Ig convert —, erty into com- 
munit; perty. is a dangerous thi 
legislation with a man’s right to the sole use and enjo 
ment of his ,for the reign of Communism may 
come soon enough, and ought not to be assisted. 2 
objection to the Bill is that it vests too much power in the 
Patent Office authorities, for they may exercise the power 
vested in them in an arbitrary manner by refusing to 
grant a patent to an inventor upon frivolous or insufficient 
ds. In this respect the American law is admirable. 
ie pp re inventor, if dissa oa A } my eo decision or 
report of the examiner, ma: ec examiner, 
and from him to the commissioner, and if still dissatisfied, 
he may appeal from the commissioner to the United States 
district court, and from that tribunal he a 
case up to the Supreme Court of the U s 
which there is no appeal. Ample op rtunitics are thus 
afforded him to obtain a rectification of any errors or mis- 
judgments made by inferior officers or tribunals. : 
The premature publication of specifications would, if 
carried out as the Bill provides, be an outrage upon the 
every inventor, and lead to the setting up of 


rights of 
ing claims to a patent by 


unprincipled persons. 
When ouch laine are set up at the American Patent Office, 
are called interference cases, and it is a well-known 





fact that such cases often give the true inventor a world of 
trouble. Every industrial interest would be greatly pro- 
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moted if a just and proper patent system could be perma- 
nently tablished. I would suggest therefore that when a 
patent is applied for at the Patent Office, the peace yo 
should simply be as follows : First, the inventor should 
required to file an application and a full report as to the 
novelty of his inventions, prepared by himself or by some 
com t patent agent. A declaration and a complete 
specification of the claims of the inventor should accom- 
fe pln sete The declaration should be to the effect 
t the icant is the true inventor of{the invention or 
improvement described in his i i This declara- 
tion should be signed and ‘sworn to the applicant, also 
sworn to by two well-known and truthful experts in the 
art, process, or manufacture to which the invention de- 


scribed in the m applies. When this declaration 
and all the other papers named are one filed at the Patent 
Office, then it should be the duty of the Commissioner of 


Patents to examine the same, to ascertain if they are in 
due | form, and when found to be properly framed, he 
should accept of them as his warrant for granting a patent 


wreng in my consiasions, if ae Lshall quly be too gind to 
be pu 


ight. 

In = tne these conditions are fulfilled ; the brake 
applies of necessity its retarding power in exact pro- 
portion to whatever the load of a coach might be. It is im- 
possible to skid the wheels, as the coach itself is the ful- 
erum by which I work, and with whatever force the brake 
is applied, the same force exerts itself to take the blocks 
off, and these I repeat are conditions a Cy eee fulfil; 
it is also automatic ; and I further think @ continuous 
brake is wanted that can be applied to as 
cheaply as the present side lever brake, and so the 
drivers to have such trains under control. 

I am, Sir, yours truly, 
J. EDWARDS. 








THE PROPER CIRCULATION IN BOILERS. 
To THs Eprror or ENGINEERING. , 

Srr,—In my letter on the above subject which appeared in 

your col st week ( 361), I notice a slight misprint 





as prayed for, but should any contest arise 
opposing claimants, it should be his duty to issue the 
patent to the first applicant, leaving all questions legal or 
otherwise that might arise in relation thereto to be settled, 
if need be, in courts of competent jurisdiction. 

The scheme here presented would greatly simplify pro- 
rr at the Patent Office, and relieve the Commissioner 
of Patents and other high officials from an immense 
amount of labour and responsibility which otherwise would 
surely devolve upon them. inventions should be 
divided into two c Small inventions, or inventions 
of minor importance, should form one class, and important 
inventions the other. To the first class, patents for the 
term of twelve years only should be ted, for the reason 
that it is a well-known fact (in the United States at least) 
that more money is being constantly made out of small 
inventions than out of any other, but the life term of a 
patent for an important invention should be twenty-five 
years at the very least, because it needs many years to 
introduce costly inventions, and seldom does it happen that 
fortunes are realised from them by the inventors. I would 
also suggest that the law should be amended or changed so 
as to puta limit to the time in which actions against a 
patentee, or to set aside a patent as invalid, could be taken. 
Should the law be amended in this particular, patents 
would acquire a permanent value in a few years, after 
apne, Three years from the date of issue the law 
should bar all actions to overthrow a patent. It is not the 
interest of the public at large, nor of the manufacturer, nor 
of any person engaged in trade or commerce, that patents 
should always be capers to litigation, and to possible 
extinction, and in order that they may become a sure and 
safe investment for the manufacturer and capitalist, a limit 
should be set to the time in which actions to test their 
validity could be taken. 

Three years at most should be the limit, and all actions 
not taken within that i d be barred as bya 
statute of limitation, and no action should be allowed to be 
entered upon ores contestant to set a patent aside until 
the contestant deposited in the court in which the suit 
had been entered, the full amount of the costs in the case, 
together with a sufficient sum to cover the fees of the 
patentee’s attorney, all of which might be recovered b 
the plantiff should the court declare the patent to be void. 

Hvua@u Frazier Ross. 

1056, Howard-street, San Francisco, California. 








CONTINUOUS BRAKES. 
To tHe EpiTor or ENGINEERING. 

Str,—Being interested as a patentee of a continuous 
brake, I attended the di ion at the rooms of the —— 
of Arts last Friday evening, and I was much disappoin’ 
at the turn the discussion took. Instead of it being a dis- 
cussion to ascertain which is the best brake for adoption 
by the railway companies, the evening was spent by in- 
ventors of different kinds of brakes recommending their own 
to the dis t of others. I think the primary 
object of all s discussions should be to find out the best 
of all existing brakes, and recommend that to the com- 
panies, ess as to whose it may be ; if there is no suffi- 
cient authority in existence to take that responsibility it is 
a mere waste of time to invite discussion. 

There is one condition I do not find mentioned in Captain 
Tyler's paper, and I think it a most important condition, 
that is, as to skidding the wheels. I consider it of the 
highest importance that you should not be able under any 
cireamstances to skid the w I believe the greatest 
retardation takes place the moment before skidding com- 
mences, and when you skid the wheels you at once as 
it were come down from 6 ft. of rubbing surface—each 
block being 18 in.—to four points of a circle on the rail, 
which rail is straight, and consequently your command 
over the train is very nearly gone. I know it is the rule 
with some companies to order their guards not to skid—a 
thing more easily said than done. I also think that a brake 
should be so constructed as to apply its retarding power to 
the varying load of each coach in a train ; if this is not so 
you do one of two things, you either skid in a moment the 
wheels of the light coaches, grinding flat places on the treads 
and rails, or you have not sufficient command over the 
heavy coaches, and they consequently play with you; 
these are cardinal points I consider a brake should » 
whatever other good qualities it has. If you toke two 
coaches, one of 10 tons and one of 5 tons, and skid the 
wheels, it would take a ag power to pull the one of 
10 tons along the road t it would the one of 5 tons. 
Couple these coaches her and run them it would take 
a greater force to ret: the one of 10 tons than it would 
the one of 5 tons, anda brake should be able to apply its re- 
tarding power onately to these varying loads, or the 
result would be what I have before stated. These properties 
may not be found in any one existing brake. r may be 














which I shall be obliged our calling attention to, in 
order that readers may no misled. It is in the right 
hand column of p. 361, fourth line from the top, where 
you make me say “connexion of heat’’ instead of “‘ con- 
vection of heat.’ In type the difference is small, but in 
sense it is considerable. 
Yours faithfally, 
FREDERICK JOHN Rowan. 
London, May 17, 1877. 


To THE EpIToR oF ENGINEERING. 

S1r,—I observe Mr. Rowan freely concurs with 75 per 
cent. of the contents and rules given in my paper relating 
to water-tube boilers. The remainder I hope to show is as 
carefully considered, and fully confirms in practice what 
it seeks to prove in theory. Being pressed for time this 
week I hope to give the subject my attention next. 

Yours very truly, 
oHN WATT. 
174, Cleveland-street, Birkenhead, May 16, 1877. 











PERMANENT WAY JOINTS. 
To THE EDITOR OF ENGINEERING. 

Srr,—The discussion in Fd journal of different kinds 
of permanent way joints and fastenings is very timely, in 
the face of the recent railway accident at Morpeth. 

In my letter to you, referred to by two correspondents, I 
called attention to the utterly unsatisfactory results attained 
by the rail joint now in use in forming a straight beam, and 
if proof of this were needed the recent accident at Morpeth, 
caused, according to Captuin Tyler’s report, by one of the 
leading wheels of the engine aes rail at a bad 
joint, is sufficient. You have also published further descrip- 
tions of two attempts at improvement in permanent way 
fastenings, one of which by Mr. Seaton being on the 
assumption that our present system, as regards sleepers, 
double-head rails and fastenings, is all wrong; while the 
other by Messrs. Harvey and Roe aims only at an improve- 
ment of details—chiefly in the joint. 

I was rather astonished at finding Mr. Seaton remark 
that it would no doubt ‘‘ require a considerable degree of 
courage to give up a system of permanent way that has 
been in use for a period of thirty years in favour of his own,”’ 
oblivious of the fact that his own system, with a few very 
little differences, has been in use for the same period by a 
—— company, whom he only refers to incidentally in a 

‘oot-note. The Great Western Railway Company’s recently 
discarded system of permanent way agrees, as far as descrip- 
tion and number of parts go, in ag | point with Mr. 
Seaton’s system, and only varies in the details of form. 

1. The rail was almost exactly the same section, and of 
course single-headed. 

2. The trian piece of wrought iron at the joint 
corresponds with a like piece, but of a different section, in 
the Great Western Railway. 

3. The plate at joint is exactly the same. 

4. The four coach screws at the joint correspond with 
ate fangs (which are much superior) in the Great Western 

way. 

5. The triangular piece of wood contained in the hollow 
of the rail from joint to joint, to give a — bearing and 
prevent the rail from sinking in the longitudinal, corre- 
sponds with flat bearing _ on the Great Western Rail- 
way, extending under and slightly projecting beyond the rail 
with the grain at right angles to that of the longitudinal. 
Besides a triangular piece of timber being always expensive, 
a nice and permanent fit is (at least apparently) a physical 
impossibility. 

6. The longitudinals correspond with those on the Great 
Western Railway, only that instead of being 14 in. by 7 in. 
they appear to be 12in. by 4in., but they cannot be planks, 
for they should be the same as the rail. 

Even here the resemblance does not cease, for 

7. I have known the Great Western Railway to use a 
combination of longitudinal and cross sleepers, like Mr. 
Seaton’s, on a series of long embankments on a branch 
line, worked by them, but it is only fair to say that they, 
in all probability, did not pay for it themselves. 

To all this it is necessary only to add that the Great 
Western Railway have taken up hundreds of miles of their 
single-head, longitudinal road, in favour of a double-head, 
cross-sleeper one; and properly, too, for no amount of 
argument will get rid of the fact that a double-head rail 
properly treated has twice the life of a single-head rail. 

ing now to Messrs. Harvey and ’s system it 
must be admitted that they have worked on correct prin- 
ciples, and on sound theory, whether they have arrived at 
a sati result or not. 

Taking the locus standi of the double-head to be estab- 
lished, the first thing to be secured is the freedom of the 
lower head from abrasion, and so far, whether with iron 





rails or with steel rails, this has not been secured by any 
means where there has been contact between it and the 
chair, so it is natural to seek for a solution of it in sus- 
pas the rail. Also, in the joint, the only way of 
lealing with it which promises to secure a perfectly con- 
two joint pone Be bes zh to ped oe _. = 
j i secure it, independent] 
of auty assistance frou: the rail iteelf. This, also, ciema to 
yor tghtecing rite could be os , ee . be 
which w a great acquisition, and the 
question is whether the result claimed to have been 
arrived at has been , or, in other words, 


‘ — the mechanical details have been properly worked 
j out. 
It is surely high time for the — companies to take up 


this question of permanent way . It would bean 
easy matter to lay down short sections with several of the 
best systems that could be obtained, and ascertain the 
results definitely. 

It is a vital question, bearing on first cost of permanent 
way and on renewals, as well as on accidents ; all of which 
have a very decided bearing on the half-yearly reports of 
the railway companies. rae 





HYDRAULIC »v. GAS ENGINES. 


To THE Epitor or ENGINEERING. 


Srr,—I mach t that I should, in —e letter, 
have unintenti misrepresented Mr. Wilson’s opinions 
as to the relative advantages of gas engines and hydraulic 
lifti i , for it appears that what he wished to 


ting 
state was that there are many advantages to the general 
run of users of small motive power in having pressure mains 
laid down for working hydraulic engines as at Hull, 
which I hold to be a sound opinion. Mr. Wilson states 
that he can lift and lower by means of a gas engine 200 tons 
40 ft. ata cost for gas of 2s. 6d. He will be surprised to 
hear at gas works in London, hydraulic cranes are lifting 
200 tons 40 ft. high at a cost for power of 1s. 9d. 

T am, Sir, ~ truly, 
E. B, ELLINGTON. 
Chester, May 12, 1877. 





THE STRENGTH OF IRON PLATES. 
To THE EpIToR OF ENGINEERING. 

S1r,—I notice in your issue of the 11th instant an 
article by Mr. W. H. Shock, chief engineer to the U.S. 
Navy, containing some experiments carried out with 
samples cut from an iron plate with the view of deducing 
a law for the difference in the strength of iron when taken 
parallel, and when taken at right angles to the revolutions 
of the rolls. From a perusal of these I am led to think 
that in these investigations an erratic plate or one ‘‘ cross 
piled” has happened to be selected. lish iron, as for 
instance “Staffordshire” and ‘‘ North Country’’ plates, 
unquestionably have a greater tensile strength in the 
direction of their length than across it. 

4 experience leads me to believe that this result can be 
much modified in the process of manufacture, and taking 
advantage of the present depressed state of the iron trade, 
I should have no hesitation, if necessary and desirable 
and had I a large order to place, in specifying for Cleve- 
land plates to stand a tensile strain of 19 or 20 tons per 
square inch, and elongate about 5 per cent. before break- 
ing both with the length of the plate and across it, without 
fear of enhancing the price of the iron. 

I may mention that requiring plates 10 ft. 0 in. by 1 ft.3 in. 
to be bent to a small radius transversely to their length they 
were specified to be “‘ cross piled,” the result was that the 
iron stood only 18} tons per square inch, and elongated 
only 3 per cent. in a direction el to their length, and 
as much as 22} tons, and elongated 10 per cent across 
the me that is at right angles to the direction of the 
revolutions of the rolls. The general specification under 
which the order was executed was 20 tons per 
and 6 per cent. elongation with the fibre, and 1 
3 per cent. elongation across the fibre. 

Yours faithfully, 
C. Gragaw SMITH. 
Dock Yard, Liverpool, May 15, 1877. 


uare inch, 
tons and 





BRAZILIAN RatLways.—The San Paulo and Rio de 
Janeiro Railway has been ially opened for traffic—that 
is, for a distance of 107 miles. ‘About 374 miles more still 
remain to be completed. This line has a gauge of 3ft. 
4in. The Sorocaba Railway, which has also a gauge of 
3ft. 4in., has been pleted and op d for traffic to the 
Ypanema Iron Works. The Paulista Company’s exten- 
sion from Campinas to Rio Claro, which has a gauge of 
5ft. 3 in., has been opened throughout. 


CovENTRY SEWAGE.—Consequent on the failure of the 
General Sewage Company, who held the works for the 
treatment of the sewage of Coventry, by Dr. Anderson's 
process, this was carried on by the corporation. Last week, 
however, the works were handed over to the Rivers Puri- 
fication Association, whose office is at 7, Westminster 
Chambers, the company having been raised on the ruins of 
the General Sewage yor ge The process having been 
successful in the treatment of the sewage since 1874, the 
corporation resolved to continue its employment. One of the 
conditions of the agreement between new company and 
the corporation is that each are to receive half of the 
receipts from the sale of the manure. It ap; that con- 
siderable quantities of this have been tried by various 
farmers in the neighbourhood of Coventry, who have 
approved of it, and it is hence hoped that 
from this source both to the ratepayers and 











holders. 
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TORPEDO LAUNCHES. 

THE very interesting paper which Mr, Donaldson, 
of the well-known firm of Thornycroft and Co., of 
Chiswick, read on Friday last before the United 
Service Institution, has called public attention 
forcibly to the subject of torpedo warfare. As a 
builder of launches, not torpedoes, Mr. Donaldson 
speaks only of that which he knows, so he broaches 
no new theory of warfare, but contents himself with 
describing things already done or built. A more 
valuable contribution to our knowledge could hardly 
be made than his modest list of torpedo launches 
built and ordered, and we shall take the earliest 
opportunity of printing it in eatenso, together with 
the diagrams by which the lecture was illustrated. 

The famous river launch Miranda, built in 1871, 
and which in the following year was found to go at 
18.65 miles, or nearly 16} knots, per hour, though 
less than 50 ft. in length, was ee the 
prototype of the modern fast boy we” aunch. Built 
of thin steel plates and fitted as lightly as possible, 
engined to the utmost, and conspicuous in every 
detail for that perfection in design and workman- 
ship which is never absent from the work of those 
who achieve, in new fields, such rapid and complete 
success as Messrs. Thornycroft have attained, 
the Miranda was seen at once to offer just what 
torpedoists required. The Norwegian Government, 
in 1873, gave the first order for a boatof 57 ft, length, 

7 ft.6in. beam, and 3 ft. draught, and having—as 
appeared in the final trials—the remarkable speed of 





17} miles, or 14.9 knots, with an indicated horse 
power of about 90. The engine-room, and what 
might be called the steering compartment, were pro- 
tected against musketry fire by 14 in. steel plating, 
and safety was further sought in division into six 
water-tight compartments. This boat was armed 
with a towing torpedo attached to the funnel, in 
such a manner as to diverge at an angle from the 
boat’s course, in the same manner as the Harvey 
torpedo, Like some other apparently ne 
types, the Norwegian launch proved to have very 
respectable sea-going qualities, Two similar boats 
were shortly after built for the Swedish and Danish 
Governments, that for the Danish Government, and 
probably the other also, being armed in a manner 
resembling the boat first described. 

The next boats built were larger and more 

owerful, the class comprising, apparently, two for 
Fhenas and one for Austria. he length was 
67 ft.; beam, 8 ft. 6 in. ; draught, 4 ft. 3 in. ; indi- 
cated horse power about 200 ; and speed over 18 
knots. The armament consisted of spar torpedoes, 
fired by electricity, either automatically upon contact, 
or at pleasure of the operator. The French boats on 
their passage out crossed boldly from the Thames to 
Cherbourg, without hugging the coast, and in 
February and March of this year they proved their 
efficiency in some experiments which have at- 
tracted a great deal of attention, The Bayonnaise, 
an old wooden frigate, ‘‘ which had been damaged 
in one of the earlier experiments, and was on this 
occasion kept afloat by means of empty casks,” was 
towed by another vessel at a speed of about six 
knots, and was attacked by one of the torpedo boats. 
As the rehearsal was incomplete, so far as any 
attempts at defence were concerned, a hole was made 
in the Bayonnaise large enough ‘‘to admit a full- 
sized omnibus”—a result not at all surprising, nor 
calculated to teach anything not known many years 
back, but which, from its sensational character, 
drew great attention from the English press. 
(The accounts published at the time were 
absurdly exaggerated, as any one_ reading 
them might see.) The real interest of the ex- 
periment, and the point it was intended to 
throw light upon, was the effect of the explosion 
upon the attacking boat. ‘‘At the moment of ex- 
plosion a slight shock was felt, and immediately 
afterwards a large wave was upheaved between the 
Bayonnaise and the torpedo boat, which was driven 
backward a considerable distance and completely 
covered with water, so much so that M. Lemoine 
and his brave companions for the moment could not 
say whether they had gone to the bottom or not. 
This state of doubt was soon dispelled, however, 
and M. Lemoine steamed slowly off to report himself 
on board the Coligny.” ‘The torpedo used contained 
15 kilogrammes of damp gun-cotton, and was fired 
84 ft. below the surface, at the end of a steel pole 
40 ft. long. Six other boats, considerably larger— 
indeed the largest torpedo launches yet commenced 
—are now in hand for the French Government, to 
be armed, it is believed, in the same way. They 
are 87 ft. long by 10 ft. 6 in. beam, and are more 
heavily built than any yet constructed, and Messrs. 
Thornycroft guarantee that they shall maintain a 
speed of 18 knots during a three hours’ run. The 
plates and frames below water are galvanised. 

Between the earlier and the later French boats 
come some for the Dutch and Italian Governments ; 
they measure 76 ft. by 10 ft., and are to have a 
guaranteed speed of 18 knots. The Dutch boats 
will be armed with spar or outrigger torpedoes, like 
the French, and the Italian with the itehead or 
fish torpedo. 

Nearly last on the list comes the single small 
torpedo craft yet constructed for our own Govern- 
ment, the Lightning, whose successful speed trials on 
the Thames attracted attention a few weeks back, 
when (running a little light) she attained the speed 
of 19.4 knots. Her length is 84 ft., and breadth 
10 ft. 10in., with a draught of 5 ft., and indicated 
horse power of about 350. As might be expected 
from her size, she has considerable sea-going 
qualities and internal accommodation, but she can 
hardly be called a steam launch. She will be armed 
with the Whitehead torpedo, to be discharged from 
the deck forward. 

It cannot be doubted that this principle of 
attack is destined to play a very large part in 
naval warfare, but those upon whom it now bursts 
as a new revelation (which it is not, for Messrs, 
Thornycroft’s work, valuable as it is, has been only 
to render more practicable the application of a 
principle long since recognised) appear likely to even 





exaggerate its importance. So far as we can see at 
owes neither attacks by fast launches nor by 
hitehead’s torpedoes, discharged under water from 
other large vessels, are likely to render heavy 
fighting ships obsolete. They introduce an ex- 
tremely formidable element of offensive warfare, 
which no country can afford to neglect, and which 
ee go ought to adopt upon an extensive scale, 
and they set us also a problem of defence of a 
very difficult, but, we think » not hopeless kind. 
There has been little time yet for devising means of 
protection, and it must not be inferred, because 
none of a perfectly satisfactory kind present them- 
selves at once, that none can be found. Mr. 
Donaldson, with a natural partiality for fast torpedo 
launches, advocates their employment for defence 
as well as for attack; a small squadron of them is 
to watch round the ironclad, and to stop any of their 
own kind which may — r, Donaldson 
wisely adds that these should be small enough to 
be hoisted on board the ironclad, but thinks the 
original 57 ft. type, which weighs 7 tons, is not too 
large for the purpose. Writing some weeks back* 
we expressed a strong opinion in favour of furnish. 
ing ironclads with small torpedo launches of this 
kind, so we are to a great extent of Mr. Donaldson's 
opinion, but we believe that other modes of defence 
may be found as effectual, The proper use of de- 
fensive torpedoes we long since B arwnees out as a 
method of meeting this new and terrible danger 
which might bie’ pe -veors prove successful, and 
we are not sure that it would not be practicable to 
surround a ship with such dangers as to make 
successful approach almost impossible. So long as 
she is under way a sufficient number of Harvey or 
other towed torpedoes might well make her almost 
unapproachable from behind, and for the greater part 
of her length uponeitherbeam, and similar protection 
round the bow is not inconceivable. Assoon as the 
problem is clearly apprehended—that is, how tomake 
it impossible {for a launch to 1 aye without itself 
running foul of a torpedo before its own can take 
effect—we suspect it will not be long -before a 
solution is found. The Whitehead torpedo itself 
might perhaps be utilised in this we by treating it 
as a divergent towing torpedo until the launch ap- 
proached, when directed and set in motion by 
electric communication through the towing line, it 
might be sent on ahead of the ship, or caused to 
assume any position likely to produce collision with 
the launch, It must be remembered that eluding 
the torpedoes themselves would not necessarily 
save the launch; if properly arranged she could 
hardly fail to foul one or other of their tow-ropes 
and thus produce a collision with a torpedo. Not 
with any idea of suggesting an actual plan, but 
merely to show how readily such modes of defence 
suggest themselves, it may be worth while to ask 
whether two strings of torpedoes, towing one 
behind the other, might not be kept advancing in 
llel lines with the ship, the leading one of each 

ine being towed at a high angle of eshte. Ye from, 
say, the end of a spar projecting beyond the ship’s 
stem. Itmight not be too fanciful to conceive the 
line prolonged forwards on each side by self-moving 
torpedoes, controlled electrically from the ship. Itis 
not easy to see how a launch could encounter such a 
defence without very grave danger. Whether any 
modification of this idea could give partial security 
against the submarine attack of the Whitehead 

to might also be worth psy | 

other means of defence of more familiar kind 

is open to the attacked ironclad, viz., artillery fire. 
Of the value of this, as against a swift-moving 
launch, many authorities, including Mr, Donaldson, 
entertain a poor opinion, But amongst skilled gun- 
nery officers this view is far from being universal, 
and the strongest advocate of torpedoes will admit 
that if the guns can only be fired often enough, 
while the launch is within range, there must be a 
good chance of destroying her. That the Devasta- 
tion, with nothing but four 35-ton guns, would have 
little chance of hitting her pigmy foe, may be con- 
ceded, but all ironclads are not armed in that way, 
and there is no reason why any should be. Hence- 
— ship ow carry as ae a = as 
possible of torpedo guns upon the up » OX- 
ressly designed for accuracy and raptait of hand- 
ing. Since they would be required to fire projec- 
tiles of a small size, Gatling guns modified might 
answer the purpose. The object will be to 
as many shots as possible during the space of 
about three minutes, and it is obvious that, with. 
proper appliances, a very large number might be 

* See page 249 ante. 
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ot off in that time—of which one at least might 
find its mark. 

Whether still more radical measures can be taken, 
tending to make the ship itself torpedo-proof, is a 
question we are not now disposed to discuss, and 
which, indeed, we have small hope of seeing 
answered satisfactorily. Enough has been said to 
show that the navies of the world are not necessarily 
at the mercy of Messrs, Thornycroft’s wonderful 
little vessels, while as to attacks by the fish torpedo, 
if the defence is as yet more difficult, the attack is 
more uncertain. 

Of the launches themselves we can only repeat 
our high opinion of their value, and our regret that 
England is so far behind in this branch of prepara- 
tion, As Mr. Donaldson says, ‘‘ we have only one 
fast steam torpedo launch in Her vs Navy, 
while other nations are providing them by the 
dozens for the defence of their principal ports.” 

The Lightning, which we presume costs about 
6000/., is an expensive implement to employ upon 
service of the forlorn hope kind, but it is clearly 
desirable to have some boats capable of keeping at 
sea for a few days. The distance at which they are 
to operate from their base must mainly determine 
the size, but we look upon all too large to be carried 
on board ship as valuable only for coast defence. 
For use with fleets we need something either smaller 
or larger than the Lightning, and, of course, we 
prefer the smallertype. As we remarked in a recent 
number of ENGINEERING, the Italians are showing 
great foresight in naval matters, having the apparent 
intention of making the Mediterranean an Italian 
lake, and a very fair idea of how to set about it. In 
this matter of carried torpedo launches, as in the con- 
struction of ironclads of the very heaviest class, we 
have allowed them to get the lead, and the two Ita- 
lian Inflexibles, the Duilio and Dandolo, are each, 
we believe, to be fitted with two of the launches de- 
scribed by Mr. Donaldson. They are too large for 
hoisting up in the usual way, but are to be carried, 
as is well known, in a sort of dock in the after part 
of the ship—an arrangement of a very novel kind, 
perhaps open to criticism. 

Messrs. Thornycroft’s achievements need inspire 
no panic, but they require a more earnest attention 
than they appear to have received yet from the Ad- 
miralty—if English supremacy on the sea is to be 
maintained. 


VESTED INTERESTS. 

One of the Committees of the House of Commons 
has lately affirmed a principle which is certainly a 
move in the right direction, so far as stimulation to 
the introduction of improvements goes, and one which 
we should be glad to see more generally adopted by 
those tribunals. It amounts to this, that where any 
proposed — undertaking —_ calculated to 
improve the present antiquated and incompetent 
means of effecting the same objects or ee, the 

romoters of that undertaking shall not be financially 
Seupened at starting by having to buy up all vested 
interests with which the improvement may happen 
to compete, or whose proprietors choose to consider 
themselves affected by it. 

The decision appears to be a perfectly just and 
fair one, the old systems have had their innings, 
and made their profits while those innings lasted. 
They cannot expect to go on fer ever, and must be 
content to give the e up when they are super- 
seded by some superior method, conferring a great 
public benefit without increasing, but, on the con- 
trary, probably lessening expense to those who 
adopt it. 

The principle of course is capable of wide appli- 
cation, but in the present instance it related to a 
subway across the River Thames. The arguments 
(for it was solely a matter of argument, no evidence 
being called by the opponents of the Bill) were in- 
teresting, and certainly cannot be said to have 
suffered for want of legal acumen, inasmuch as they 
were conducted by four of the most prominent 
among the leading men at the Parliamentary bar, 
aided by juniors of experience and acknowledged 
ability. 

The Bill was opposed by the London ani Black- 
wall and Great Eastern Railway Companies as 
owners of a ferry across the river from Millwall to 
Greenwich, while the Watermen’s Company ap- 
peared against it as claiming the right, under their 
Act of Parliament, to work a Sunday ferry between 
Greenwich and Millwall; neither party having a 
right at law to the return journey as against the 
other, 

The interest of the case turned exclusively upon 








ferry rights as authorised by grants and charters, 
and confirmed by statutes, the railway companies 
contending that their rights amounted to a total 
monopoly of the oy to convey ~— across the 
water between their landing-stage at Millwall and 
Garden-stairs, Greenwich, and for this they claimed 
from the Subway Company so much compensation 
as would cover any elimination in their receipts from 
the ferry after the opening of the subway. 

The position of the parties interested was rather 
complicated ; in the first place the Blackwall Com- 
pany made the Extension Railway to Millwall and 

ought up the right of the ferry trustees, then they 
leased their undertaking, including the ferry, to the 
Great Eastern Company, and this company again 
leased the ferry portion of the concern to a steam- 
boat company, who, we believe (but this is not quite 
clear) have underleased it to another steamboat com- 
pany. So that the compensation part of the question 
would stand thus: the Blackwall Company have a 
reversionary interest in the ferry after the expiration 
of their lease to the Great Eastern Company, that 
company has a reversionary interest after the expira- 
tion of the lease to the one steamboat company, and 
for anything we know the one steamboat company 
has a reversion after the under lease to the -second 
company expires, and all these parties required to be 
‘settled with” (as the phrase goes) before they 
would allow the Bill to proceed; but the subway 
promoters modestly declined so gigantic a financial 
problem, and the parties accordingly appeared in 
opposition to the Bill. 

The Company of Watermen and Lightermen on 
the River Thames also presented a remarkable case 
to the Committee. It is notorious that the trade of 
Tom Tug has been declining for many years, in fact 
ever since the introduction of steamboats, and it ap- 
pears that the watermen, with an amount of care and 
forethought for which we should hardly have given 
the fraternity credit, have been in the habit of pro- 
viding for a rainy day by levying, whenever any 
improved means of crossing the Thames has been 
submitted to the Legislature, compensation for any 
loss the watermen may sustain in working certain 
Sunday ferries which by their Act they are autho- 
= appoint anywhere between Chelsea and Bow 
Creek. 

But the modern Tom Tug, instead of being a jolly 
young waterman as he used to call himself in the 
song, is generally a very old waterman, and if he 
goes on progressing backwards at the rate he has 
been doing lately, will shortly become totally extinct. 
With lightermen, the case may be different, and 
their trade may still be in a flourishing condition, 
but lightermen are in no way affected by subways. 

The counsel for the Watermen’s Company seemed 
to rest the justice of their case principally upon the 
fact that certain other parties promoting Bills had 
inserted similar clauses to those for which they were 
now applying, but whether by agreement or com- 
pulsion was not made apparent, neither was any 
mention made of how far the raising of the capital 
under those Bills was hampered by the restriction. 

The ground taken by the promoters of the Bill 
appears to have been that their undertaking would 
cause no disturhance of the ferries in arms against 
them, which might ply just the sameas ever. They 
only offered the public an option available in all 
weathers, particularly in fogs, when neither wherries 
nor steamboats could run; and, in fact, that at its 
worst the case was clearly one of competition, and 
this is probably the view the Committee took of the 
matter. 

The whole thing in both instances is about tanta- 
mount to supposing that Parliament ought never 
to have sanctioned a railway from London to York, 
without inserting a clause in the Act, that the 
promoters of that line should provide all the 
stage coachmen and guards upon the old North 
road with an annuity for life, equal to the amount 
of their annual earnings, including the tips, besides 
making compensation to all carriers of goods by 
land and water between those places. 

It is, however, encouraging to rising engineers to 
note that, at all events in the House of Commons, 
there can be found men who decline to burden 
undertakings of a public character in this way, and 
the Committee upon this Bill affords a striking 
illustration of the fact that such impediments are 
recognised, for the chairman, not content with 
rejecting the clauses applied for, appears to have 
accompanied the ref with this remark, ‘‘ The 
Committee having considered the question of com- 
pensation, have come to the unanimous opinion that 
the compensation clauses cannot be allowed,” 











Unfortunately for this and other undertakings 
the enunciation of a principle (however sound and 
sensible) in one House, is no guarantee for its adop- 
tion in the other, and the whole question must be 
fought again in the Lords, 








A NEW FORM OF ELECTRIC LIGHT. 

In our last week’s impression, under the heading 
of “ Divisibility of the Electric Light,” we referred 
to some recent practical experiments carried out in 
one of the largest establishments in the Louvre at 
Paris, by MM. Jablochkoff and Denayrouze, in 
which the high illuminating power of the electric 
light was not only thoroughly demonstrated but its 
application for general illuminating purposes at a 
cost considerably less, it is said, than that of gas 
proved to be a fact easily attainable. It may per- 
haps be within the memory of our readers that no 
great time since experiments on the system employed 
by M. Jablochkoff were made at Chatham by a 
Committee of Royal Engineers appointed by the 
War Office. The power of the light was on that 
occasion shown to be considerably more than that 
obtainable from the electric light as ordinarily ar- 
ranged, but beyond this, we believe, the experiment 
was not attended with that perfect success which 
attaches to the present arrangement. 

The subject was brought before the Society of 
Telegraph Engineers in a paper by Mr. W. Langdon, 
on the occasion of its last meeting for the present 
session, and from the description given of it there 
would seem no reason to doubt of its complete suc- 
cess, and it is only too probable we shall, ere long, 
have to record still further improvements and more 
extended trials. 

The recognised arrangement of the electric light 
is well known. The carbon points from which the 
light is obtained are arranged vertically—one above 
the other, and the distance at which it is required to 
regulate them in order to produce the greatest effect 
is governed by clockwork. MM. Jablochkoff and 
Denayrouze arrange their carbons side by side, 
separated by a slip of kaolin. It is the combustion 
of the latter, under the influence of a highly inten- 
sified electric current, that gives the light. Thus 
the system pursued by MM. Jablochkoff and 
Denayrouze differs considerably from that adopted 
in the ordinary arrangement of the electric light. 

In proceeding to give a more detailed description 
of this arrangement it may perhaps be as well to 
trace its gradual progress. ‘The arrangements 
referred to as tried at Chatham, consisted of two 
slips of carbon some 4 in. in length and rather more 
than a } in. in thickness, separated and surrounded 
by a composition, the whole being moulded into the 
shape of an ordinary wax or tallow candle. At the 
experiment in the Louvre this composition was 
dispensed with ; the carbon slips being 4 millimetres 
in thickness, and whereas in the former trial the 
carbons differed from each other to a slight extent 
in thickness, those of the Louvre were of the same 
size, Each slip of carbon was insulated by a slip 
of kaolin about 3 millimetres in thickness. The 
carbons are held in small brass tubes insulated from 
each other, and having their lower portions left 
vacant so as to be readily fixed upon two small rods 
or thick wires which, as will be explained hereafter, 
are in connexion with the secondary wires of an 
induction coil. The entire arrangement of the 
illuminator or candle is bound together at the point 
where the carbons are set in the brass tubes by a 
piece of felt or other convenient substance embedded 
in paste. A further modification consists of over- 
laying the kaolin with a conducting mixture by which 
the action of the current is assisted. The kaolin in 
its cold and solid state is an insulator offering great 
resistance, but which under the influence of the 
current becomes hot and melts, and in this liquid 
condition its resistance is so far reduced as to bring 
it within the category of a conductor. In order to ac- 
celerate its combustion a fine a of carbon about the 
size of the lead of a cedar pen il is placed across the 
kaolin at the top of the carbons, at which point com- 
bustion consequently first takes place and continues 
as the kaolin consumes away. To insure an equal 
consumption of the carbons it is necessary that the 
currents of electricity passing through themshould be 
of an opposite character—that is, a positive followed 
by a negative current. The power of the light 
obtained at the Louvre from eight of these electric 
candles was, it is stated, equal to 300 carcel gas 
burners. In the later modificatior, in which the 
carbon slips are replaced by a conducting composi- 








tion—the light from which is described as a luminous 
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band—the power of the light can be varied from 
that equalling two to that of the power of fifteen 
gaslights by varying the size of the coils and other 
evident means. In either case the lights are soft, 
steady, and brilliantly white, although by mixing 
with the porcelain clay any colouring matter the 
light can be coloured at pleasure. The consumption 
of the kaolin or porcelain is about one millimetre an 
hour. 

The electrical arrangement is as follows: The 
electro-motor is an ordinary magneto or Gramme 
machine. In connexion with it is the line wire or 
wires required for providing the current at the point 
or points at which the lights are required. For 
every light an induction coil is used, the primary 
coil of which is in circuit with the line wire, while 
in the circuit of the secondary coil is placed the 
candle. On the electro-motor being set in motion 
the candles in circuit are lighted by the induced 
current set up from the primary coil. Each light 
requires a coil, but the coil need not be in the 
neighbourhood of the light. The machine used at 
the Louvre was of three horse power, giving 450 re- 
volutions per minute. M. Denayrouze remarks 
that it is possible to relight a candle seven seconds 
after it has been extinguished by breaking the 
circuit, and that a great number of mineral 
substances, and even some organic substances, may 
be employed to replace the kaolin. 

It will be clear from what has been said that lights 
thus arranged may be putin circuit, and so lit at any 
time (so long as the motor is in motion) in precisely 
the same manner as the gaslights of our streets 
and rooms are brought into use, and that the em- 
ployment of one and the non-employment of others 
can in no way interfere with other lights served by 
the same or by other main line wires. The whole 
system, indeed, assimilates perfectly with our gas 
supply. The electro-motor may be regarded as the 
gasometer, the main wires as the gas mains, and tLe 
candles as the burners, To turn the light on it 1s 
only necessary to connect the wires, which may be 
done by a small switch similar to the taps used for 
the gas branches or chandeliers, The invention is 
altogether one of considerable merit, and of no 
small moment. Should M. Jablochkoff succeed in 
his anticipations, which the experiments at the 
Louvre give every reason to believe will be the case, 
he will do much towards revolutionising our present 
lighting arrangements, and we look forward with 
no small interest to the proposed lighting of a 
portion of the East and West India Dock, which we 
pe is to beshortly attempted, insupport of 
this. 








RAILWAYS IN DALMATIA. 

In 1860-62 the first attempts were made to build 
a railway in Dalmatia, the plan being to connect 
Sebenico vid Dernis and Knin with Zara by a main 
line, and to construct a branch from Sebenico to 
Spalato. From pecuniary reasons, however, this 
private project failed, andit was not until about ten 
years later, when Government was compelled to 
undertake the intended construction of railways in 
Dalmatia, that a main line, the Spalato-Perkovich- 
Dernis-Siverich, with a branch line, the Perkovich- 
Sebenico, was agreed upon. The length of the main 
line is 52} miles, that of the branch 13} miles, ‘The 
works began in 1874, and were undertaken by the 
contractors, Messrs. Trigari, of Doerr, who, how- 
ever, retired in 1875, Messrs, Knaur, of Gross, 
taking their place. The main line was to be opened 
for traffic December 1, 1876, the branch in May, 
1877. But delays occurred, and so the whole line 
will not be opened until next month. 

The country traversed by the railway is a very 
barren one, rocky mountains without vegetation, and, 
worse still, without water, form the chief part of the 
land through which the line takes its course, only 
some 20 miles of the line (between Spalato and 
San Nicolo, between Dernis and Siverich, and from 
Sebenico to Verpolje) are situated in a fertile country 
covered chiefly by vineyards. 

The main line leaves Spalato at a height of 
about 6 ft. above sea level with a rising gradient, 
which changes soon into a falling one in order to 
cross the River Salona. After crossing this river by 
a girder bridge, with a clear epan of about 126 ft., 
the line rises again with a gradient of 1 in 40, reaching 
its highest level (1182 ft. above sea level) near 


the Labina tunnel, some 18 miles from Spalato. | will di 
From the Labina tunnel the line descends into the 
Suchidol valley, and soon reaches Perkovich, from 
whence it rises again to the highlands of Planian and 








to Dernis (1083 ft. above the sea), From Dernis 
the railway descends into the Cikola valley with 
a total fall of some 198 ft. in a distance of 
1.86 miles. Having crossed the Cikola river by a 
bridge of 126 ft. span, and an inundation bridge 
of about 60 ft. span, the line reaches its terminus, 
viz., Siverich, where —— coal mines are situated. 
The pits are about 132 ft. above the rails, and the 
coal is transported to the railway by a wire tramway. 

Spalato, whence the branch line starts to Perkovich 
(vid Verpolje), is situated about 51 ft. to 54 ft. 
above sea Geel on the shore of the Adriatic, 
whore the junction terminus Perkovic—distant 
some 13 miles—lies at an elevation of about 
654 ft. above the sea. On this line one bridge 
of some importance occurs, equal in dimensions to 
the others referred to above. As might be easil 
inferred from the character of the country, muc 
stone had to be removed, and this was done 
entirely by dynamite (No. IL.), of which explosive 
about 4 Ib. to 4; lb. were used to each cubic yard of 
rock removed, 

The three large bridges—equal in dimensions— 
are built after the well-known Schwedler pattern, 
and were constructed at the works of Messrs. 
Rothschild, of Vitkovic (Moravia). The girders 
17} ft. in height (the span — 126 ft.), the 
weight of each bridge is 51 tons, of which 2} tons 
are castiron. Theinundation bridge in the Cirkola 
valley has inverted parabolic girders, 

There are two main tunnels on the line, one of 
them above 320 yards (300 metres) in length, the 
other somewhat shorter. The gradients are varying, 
the maximum being 1 in 40 (for a length of about 
154 miles), and ] in 60 (fora length of some 25 miles). 
The sharpest curves are of a radius of 13 chains 
(250 metres), they are, however, very frequent. 
Steel rails are used in lengths of 23 ft, (7 metres), 
weighing 632 lb. to the yard. They are manu- 
factured by a rolling mill in Graz (Styria). 

The line was originally intended to be built 
without signal-houses; this plan was, however, 
abandoned and signal-houses are now building in 
distances of 24 miles from each other at a cost of 
about 250/. each. The chief difficulty arose from 
want of water, there being places where water had 
to be procured during the construction of the 
railway at the price of 3d. per gallon. To provide 
water an aqueduct will be constructed at Sebenico, 
into which water from the River Kerka will be 
raised by steam engines and conducted to Sebenico 
through a distance of 6 miles. At Perkovich an 
impounding reservoir is in course of construction 
with an area of 150,000 square feet, and a capacity 
of about 1} million gallons. 

Altogether the construction of the railway was 
very expensive, and it is questionable whether it 
will prove at all remunerative or even of much use 
to the country. 
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[First NotIce.] 

In the production of the volume before us, Mr. Clark 
undertook a heavy task, and itis not too much to say 
that he has performed that task exceedingly well. 
Dealing as it does with a very wide range of subjects, 
the book necessarily affords at certain points openings 
for adverse criticism, but on the whole sound judg- 
ment is shown in the selection of data, while nearly 
every page of the volume affords evidence of pains- 
taking research, and genuine hard work on the part 
of its author. Mr. Clark states in his preface that 
his manual “is designed as a book of reference 
‘‘for engineers, to give within a moderate compass 
‘* the leading rules and data with numerous tables, 
‘‘of constant use in calculations and estimates 
‘“‘relating to practical mechanics ;” and no - 
sessor of the work will have cause to complain 
of Mr. Clark having taken a narrow view of what 

such a book of reference should be. 
The volume commences with a section devoted to 
sesgenosnce in practical geometry, this being followed 
y others on the mensuration of surfaces and solids 
and on the use of logarithms, tables of ordinary and 
hyperbolic logarithms being appended. Opinions 
ill differ as to the advisability of these sections 
being included in such a book as that under notice, 
and we ourselves consider that they would have 
been better omitted as they merely refer to matters 


which are—or should be—learnt at school by all, 
and which cannot even be regarded as being 
specially connected with technical training. We 
are, however, quite willing to admit that people 
generally—and engineers form no exception to the 
rule—are somewhat apt to forget what they learnt 
in their school days, and that hence, when referring 
to a book like Mr. Clark’s, it may even sometimes be 
convenient to have at hand reminders in the form 
of concise rules of mensuration and directions for 
using logarithms. But those who take this view will, 
we fear, in some cases wish that our author had ex- 
tended his remarks, an instance being the directions 
for the use of logarithms when nothing is said about 
the mode of procedure to be followed when multi- 
plying or dividing logarithms with negative indices, 
operations in which those unaccustomed to the use of 
logarithms but too often come to grief. We should 
add that beside his tables of logarithms already 
mentioned, Mr. Clark givesin this section many 
other tables, such as those of circumferences and 
areas of circles, reciprocals of numbers, logarithmic 
sines, tangents, &c., all these tables being well 
arranged and printed in admirably clear type. 

The next sectiondeals with weights and measures, 
our author treating first of water and air as standards 
for weights and measures, and then proceeding to 
deal with the standard measures of this and other 
countries, there being given a vast amount of useful 
information about foreign weights, measures, and 
money standards which we should be at a loss to 
find elsewhere. 

‘‘ Weight and specific gravity” form the subjects 
of the next section, and here we also find ample 
evidence of the genuine labour which the author 
bestowed upon his task, his tables of specific gravities 
being amongst the most complete we have met with, 
while in addition to the real specific gravity, the 
ordinary commercial weight in bulk of a large number 
of substances is given. Nextfollow also tables and 
rules for the weight of iron and other metals in the 
various forms of bars, plates, tubes, &c., the in- 
formation given being very complete, and the tables 
especially noticeable for their clear typography. 
These tables bring us to the end of the first 270 
pages of Mr, Clark’s book, and these pages might, 
we think, have well been bound asa separate volume. 
The information they contain is very useful, and it 
is conveyed with great conciseness, but it is of a 
character different to that comprised in the later 
portion of the volume, and its separation from the 
latter would we think for several reasons be a gain, 
one of these reasons being the increased handiness 
given to the work as a book of reference. 

What we have termed the second part of the work 
under notice—although really the author makes no 
such division of his book—commences with some 
notes on fundamental mechanical principles, such 
as the equilibrium of forces, the action of gravity, 
accelerated and retarded motion, the centres of 
gravity, gyration, oscillation, and percussion, the 
mechanical elements, &c., Mr. Clark’s remarks on 
these matters being concise and yet explicit, and, in 
fact, just what they ought to bein a book of re- 
ference. 

‘* Heat” forms the subject of the next section, our 
author first describing various types of thermometers 
and pyrometers (omitting to include amongst the 
latter, however, the electric pyrometer of Dr. Sie- 
mens), and then goes on to deal with the transmis- 
sion of heat by radiation, conduction, and convection, 
and with the mechanical equivalent of heat. In con- 
nexion with this latter subject, Mr. Clark refers to 
one of the experiments of Joule, but we regret to 
find that he does not even mention the names. of the 
other investigators—such as Thomson, Clausius, 
Hirn, and others—to whom we are so much indebted 
for the development of the mechanical theory of 
heat. Our author then treats at considerable length 
of the expansion of solids, liquids, and gases, while 
next he deals with specific heat, the latent. heat of 
fusion, and cognate subjects, all these matters being 
well dealt with, and numerous useful tables being 

ven, 

“ the next section Mr, Clark well summarises 
the information available regarding the physical 
properties of steam, and he reproduces from the 
Encyclopedia Britannica his valuable table of the 
chief properties of saturated steam. Mixtures of 
gases and vapours form the subject of the next sec- 
tion, and then we come to two valuable chapters 
treating respectively of * combustion ” and ‘ fuels.” 
We notice, however, that Mr, Clark, in his chapter 





on combustion, speaks of the formation of carbonic 
oxide as the “ first stage,” and of the formation 
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of carbonic acid as the ‘second stage” in the 
combustion of carbon. This, however, is erroneous. 
The “ first stago” in the combustion of carbon 
is the formation of carbonic acid ; this carbonic acid 
if caused to pass through a layer of incandescent 
carbon, taking up another atom of that carbon and 
becoming converted into carbonic oxide, while, 
finally, this gas, if brought into contact with air 
containing free oxygen, while at a sufficiently ele- 
vated temperature, will take up a further portion 
of this oxygen, and be reconverted into carbonic 
acid. Mr. Clark’s chapter on fuels is an excellent 
one, and contains a vast collection of data relating 
to British and foreign coals, coke, wood, charcoal, 
peat, and other combustibles, numerous tables of 
analyses and of the properties of the fuels being 
given. 

We have now given a rapid survey of about half 
Mr. Clark’s useful book, and here for the present 
we take leave of it. In dealing with the earlier 
portion of the work we have done little more than 
explain the contents, the latter portion, however, 
dealing as it does with the practical applications of 
heat, the strength of materials, data relating to steam 
engines and boilers, air and hydraulic machinery, &c., 
demands more critical treatment, and it would be 
impossible for us to do it justice in the space now 
remaining at our disposal. We propose, therefore, 
to deal with this later portion in a second article, 
and meanwhile we congratulate Mr. Clark on the 
result of his labours, 





Bridges ; an Elementary Treatise on their Construction 

and History. By Fuxemine JENKIN, F.R.SS. L. and 

., M.I.C.E. Reprinted from the Encyclopedia Britan- 

nica. Edinburgh: Adam and Charles Black. [Price 5s. } 
The work before us is, as stated on the title-page, 
an excerpt from the Encyclopedia Britannica, and is 
in fact a reprint of 140 pages of that work, the ori- 
ginal pagination even being retained and the vo. 
lume commencing with page 283. Although, how- 
ever, the work consists of an article extracted from 
an encyclopedia it takes a wider scope and deals 
with its subject in eye detail than such articles 
are usually expected to do, and its republication in 
a separate form is amply justified. Professor Jen- 
kin in fact informs us in his preface that when he 
undertook to contribute an article on bridges to the 
Encyclopedia Britannica he “ was in a great measure 
‘* induced to do so by the thought that he could so 
‘* arrange the matter as to produce a short treatise 
‘‘ which might serve as a text-book for one portion 
‘* of the lectures delivered by him at the University 
‘© of Edinburgh.” The object thus kept in view 
has been well attained pe the author has made 
excellent use of the space at his disposal. Dealing 
first with the strength of materials he proceeds to 
consider the superstructure of bridges, these being 
divided by him into three classes, namely, girders, 
arches, and suspension bridges, and describes at 
some length graphical methods of ascertaining the 
stresses on frames, &c., while subsequently he treats 
of foundations, and concludes with a brief historical 
sketch of the development of the science of bridge- 
building. Each section of the subject is well dealt 
with, and Professor Jenkin has managed to convey 
clearly a great amount of information in a very con- 
cise form. 


British Seamen as described in Recent Parliamentary 
and Oficial Documents. By THomas Brassey, M.P. 
London: Longman, Green, and Co. 

Mr, Brassey has produced a book which is well 

worth reading by all interested in the welfare of our 

mercantile marine. The subject of which the 
volume treats is one which scarcely falls within the 
scope of this journal, and we shall not, therefore, 
attempt to review the work in detail ; but we com- 
mend the book as one which ably describes the pre- 

sent condition of British seamen, and summarises a 

vast amount of information bearing) upon the im- 

provement of that condition. A.ongst others the 

subject of training ships is fully dealt with, and 
the work embodies many sensible suggestions for 
improving the general status of the class of men 
upon whom this country so greatly depends for her 


prosperity. 
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TRAMWAYS. 
THe question of tramways being at the present time of 
asap) Mang interest, the following extracts from the open- 
ing 


Civil and Mechanical Engineers may be of service to many 
of our readers. 


TRAMCARS AND OMNIBUSES. 

The weight of cars, of course, varies according to their 
loads and the gradients which they are used for. In Leeds 
some one-horse cars carry 18 passengers and weigh 34 cwt. 
empty, and cars to carry 20 passengers, empty 47 cwt., 
fully loaded 4 tons. The weight of a London street;tram- 
way company’s car empty, to carry 36 passengers, is from 
2 to 24 tons at the outside, its cost is 2001., and the dura- 
tion of these cars it is expected will be from 12 to 14 years. 
The North Metropolitan Tramway cars to carry 46 pas- 
sengers (22 inside and 24 outside) weigh about 2 tons 
5 ewt. empty, and over 5 tons 7 cwt. when fully loaded, 
and cost l. The life of tramway cars varies so much 
with the quality of materials and workmanship, size, shape, 
mileage work, whether they have roof seats or not, that it 
is rather difficult to give an average. Cars have been in 
use on the North Metropolitan Tramway nearly seven years 
and are in very good condition, while others used for a less 
time are worn out. This company finds an American firm 
supply the most durable, and therefore the most econo- 
mical, and they are estimated to last 14 years. The rapid 
growth of this particular branch of industry is remarkable, 
and foreign manufacturers find it to their interests to have 
agents in our midst. I hope English makers will look to 
this, and not be beaten on their own ground. The weight 
of an average London omnibus is about 24 cwt. empty, 
and over 3 tons with a full load of passengers, and its cost 
is 1407. Its life if well built, as the London Omnibus 
Company make them at their own works, should be from 
10 to 12 years, but if badly built only 7 or 8 years. The 
cost of London tramway car and omnibus horses is from 
8391. 10s. to 431. The age when horses for this kind of 
traffic are considered capable of doing their work is rising 
5 years, and with proper care and dieting, of say 30 Ib. of 
food, and running 15 miles per day all the year round, 
they will be good for their work in our London or large 

rovincial towns for an average of 5 years, although on a 
Sod tramway and with no Sunday work they may last for 
12 years. Horses which do not die of disease get worn and 
stranied about their feet and legs, and have to be sold as 
unequal to do this kind of work, and are then used for pur- 
poses where pace is not required. The chief maladies they 
suffer from ares milar to ordinary draught horses, such as 
colds, injuries, cracked heels, sand cracks, springs at their 
knees, and quitters, which latter is a hard round swelling 
upon the coronet between the heel and the quarter. 
The foregoing remarks serve in a manner to show us the 
cost, wear and tear going on with both live and rolling stock, 
and anything that engineers or patentees can devise to 
reduce this to a minimum should be done. 


AMERICAN TRAMWAYS. 


horse at tramway work at less than six years of age. A 
horse is at his prime at about eight years old, and a good 
selection of horses will average a service of four years, 
though many horses do much better. Formerly three to 
three and a half years was considered the average service 
of horses, but improvements in the lightness and easy run- 
ning of tramcars has become relief to horses. 

Injury to Horses.—The feet of horses suffer from the 
constant travelling on the stone pavements, and the limbs 
from the strain in ing the cars, enhanced by the ex- 
treme loads carried. 

Sickness.—Horses are also affected with various diseases 
caused often by the bad ventilation of their stables. 
Car-Weight, Empty.—The “‘imperials,’”’ or top-seat 
cars which Messrs. John Stephenson and Co., of New 
York, send to Europe, weigh 4800 lb. to 5000 Ib. The 
** two-horse”’ cars used in New York of their make weigh 
from 4300 Ib. to 4800 Ib., but make cars of 
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the same 
seating capacity weighing from 3700 Ib. to 4300 Ib.—these 





dress of Mr. R. M. Bancroft before the Society of his 


Age of Horses.—It is not considered judicious to put a| wages 


sautal cies of Europe, Welghs cf gasmeges’ cael 
nen cl re) pe. eight of ad 
averages about 150 Ib. each, therefore the car with top seats 
— Dod nag ah sta ¢ = lb. The New 

or is, for cars 4800 Ib. an passengers at 
150 Ib. each, equal 16,800 Ib. 

The difference in the efficiency of the horses is largely 
caused by the form of tram rail, the English practice being 
a grooved rail, which causes almost unceasing contact of 
the — = while Rees wre form of — being 
open at one side, permi om of flange, u re- 
ved about one-third. ial 

Life of Tramcars.—We have no data as to the life of 
American opens cars, as cars of that kind are not 
used there, but the cars of this character used on the 
tramways of Great Britain of ‘‘home make,’’ have per- 
formed service of about five years, the cars sent by Messrs. 
J. Stephenson and Co. to Liv l and London, for the 
opening of those tramways in 1869, are yet in con- 
dition and likely to do many ag of service. e Ame- 
rican cars are calculated good for twenty-five to thirty ye:rs 
of such service as we have. named. e New York and 
Harlem tramway have cars now running, placed on this 
line in 1857. The cars referred to aré ona tramway con- 
necting the business centre of New York with the Grand 
Central Dep6t, from which radiate the great railways run- 
ning east, north, west; therefore the tramcars at “‘ train- 
time’’ are subject to the most excessive loads; these cars 
have been in such service for nearly twenty years, the 
platforms, hoods, and ventilators have been repaired and 
modernised, and they are now sound and good for twelve 
to fifteen years more. The car body with its appurtenances 
constitute the most durable part of the car. The wheels 
(costing 6 dols. each or 25s. lish) perform an ave 
service of about 30,000 miles; the axles 200,000 to 300, 


miles. 

Cost of Horses. — Average about 150 dols. (say 301. 
English). This price will now buy the best class. It is 
the — in America a ie Leng merchant to furnish 

mway company with horses at a price agreed upon, 
and the tramway officer will pick from each new drove of 
horses such as he fancies, and should a few days develop 
inefficiency in a horse, he may be returned to the dealer 
as often as desirable until a satisfactory horse is obtained. 
After horses become unfit for tram service, they are sold 
at reduced prices to farmers and others. 

Cost of Cars.—The best top-seat cars on an average 
about 1100 dols., or about 2291. English, and the cost of 
cars as used in America is about 1000 dols., or 2011. 6s. 
each. The lighter cars cost less. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
fair attendance on ’Change at Middlesbrough, but again 
the amount of business transacted was of little importance. 
Prices were rather flatter, although nominally they were 
quoted on the basis of No. 3 Cleveland pig selling at 42s. 
per ton. It is expected bee will further decline this 
month, as stocks will certainly increase. The Whitsuntide 
holidays will caused several finished iron works to be closed 
for a few days, and the demand for pig iron will be weaker. 
A fair amount of pig iron is being sent to the Continent at 
present. Eastern affairs still very materially interfere 
with business, and most people are of opinion that until the 
war is concluded there will be very little permanent improve- 
ment in the iron trade. 

The Finished Iron Trade.—In the midst of general de- 
pression in the North of England finished iron trade, it is 
with very great pleasure we have to announce that Messrs. 
Hopkins, Gilkes, and Co., Limited, Middlesbrough, have just 
secured a railcontract of 14,000 tons for the South Australian 
Government. This fact is, no doubt, due to the Welsh 
ironmasters, after heavy losses, quoting prices which will 
leave them a profit. It has always been maintained that 
Cleveland could compete successfully with the whole world 
in rail making, and it appears that as soon as there are any 
rail orders to be had this will be proved. There is a fair 
demand for railway accessories at present, and founders 
are kept going. Pipes, too, are meeting with a good sale. 
Plate manufacturers are employed pretty fully, and there 
are still manufacturers in the North who are altering their 
works, so as to be able to produce plates. 

Engineering and Shipbuilding. —On the northern 
rivers these two branches of industry are in a better state 
than might be ex d considering the condition of busi- 
ness generally. There area great many steamers on the 
Tees in various stages of construction. 

The Coal and Coke Trades.—These trades are in a most 
unsatisfactory state. It is feared that the result of the 
dispute in Northumberland will be a stoppage of 
work at most of the collieries 

The Cleveland Miners.—To-morrow (Thursday) the ar- 
bitration court to settle the Cleveland miners’ wages 
question will be opened at Saltburn-by-the-Sea. 





NOTES FROM SOUTH YORKSHIRE. 
Sees. 
The Kirkbridge Brook, 8 .—The Highway Com- 
mittee of the Sheffield town council have resolved to cover 
this brook over for some di ,and have : the 
tender of Mr. Powell for the work up to the River ‘ 
Opening of New Railway Stations.—Last week the 
Pe ae a Sineld, and Lincolnshire Railway Compan 
1) fies new. stolions on thelr lines. of ion 
ich is in the mi ~;~ jistrict ath, 
- ‘the vi > of Silkstone. At Wombwell the station 


and at 
ildi ft. in length, and the two platforms are 
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h 133 yards long. There are the usual waiting-rooms affirmed that the mills and furnaces at the Scotch malleable 
be E oiee ehoaan at the other otuhene - 


—the plans having been drawn out by Mr. A. Lough, of | North of je or of South 
Sheffield, the company’s district engineer. At Wom well, | the threate 


abe, an iron bridge is to be builbeyer the several lines of | doubtless be a stoppage of many of the rolling mills. 
rau. 


and offices.. This is 


A New Colliery ‘near Denby.—Some years ago the | indicated, there is a prospect of a lock-out occurring next 
operation of coal ong was discontinued at the Salter: | week in a large proportion of the shipbuilding yards = the 
» George Dawes, proprietor of the Clyde. About six weeks ago the shipwrights in the Glas- 

Denby Iron Works.) Sinking has now been resorted to for gow district went out on strike because th 
the purpose of reaching the furnace coal seam, but the an advance of 1d. per hour in the rate of their wages, and 
work has from time to. time been greatly retarded; owing | as they have shown no disposition to yield and return to work 
to the large volumes of water which have been mct with. | on the terms which they were then getting, a large number 
i have been overcome and a | of the employers met in G@ 
good seam of coal cut into at a depth of 150 yards from the upon a 


wood colliery of 


Now, however, these diffi 


surface. 


New Soasteoey Lines at Shefield.—On Tuesday Colonel | measure to adopt, inasmuch as it will cut off the means 


Hutchinson, with Mr. Kincaid, 0.E. (the company’s own 
engineer), and other 


from Sheffield to Hillsborough, minary to the proposed 
commencement of traffic on the section on Saturday next. 


The Mexborough Water Works Company (Limited).— 
This company has been formed to supply the town of 
Mexborough and district with water, the population being 
now between 5000 afd 6000. The works will provide 
20 gallons daily for # population of 10,000, from reservoirs 
supplied by springs and wells close to the town, the water 
being said to be very poft and plentiful. 

The Universal Sprig: Gempany (Limited.)—This Shef- 
an American invention, is 
ovine to the failure of an 











or. yfield.—On Thursday last a 
broken out in the workings of the 
Unstone Silkstone colliery, at the back of the furnace pits 
and about six yards from the shaft. Ei hty men were in 
the workings at the time, but they were got out without 
being in danger, and every effort was made to extinguish 
the fire. No fire-engines, could, however, be obtained, in 
consequence of which both shafts have had to be sealed up, 
and now remain in that state. 


NOTES FROM THE NORTH. 


GLAsGow, Wednesday. 
Glasgow Pig-Iron Market.—The pig-iron market was 
strong on Thursday forenoon, when a good business was 
done in warrants at 55s. to 55s. 3d. one month, and at 55s. 
to 55s.-2d. cash, closing with buyers still offering the top 
prices, sellers asking a shade mere. The market continued 
to be steady in the afternoon, with business done at 
55s. 3d. oa and one month fixed, closing nominally with 
sellers at that price, buyers 55s. 2d. cash. When the 
market opened on Friday there was a little excitement, 
prices rose and fell erratically, and closed the same as on 
the previous day. Business opened in the forenoon at 55s., 
the price then rose to 55s. 3d. cash and one month, and closed 
sellers at 55s. 3d., and buyers at 55s. lid. cash. In the 
afternoon 55s. 3d. cash and 55s. 44d. one month were paid, 
and latterly 55s. 14d. was declined by buyers. The market 
closed sellers 55s. 14d., and buyers at Bos. cash, being 3d. 
per ton under the closing quotations of the peetees Friday. 
As was anticipated, Monday’s meeting of the iron warrant, 
the first after the Clyde shipbuilding firms had announced 
& prospective general lock-out, resulted in a severe fall in 
the price of warrants, the market closing with the price at 
9d. per ton under that of Friday afternoon’s final sales. 
Business opened at 54s. 10d., an immediate decline of 5d. 
per ton, and the price afterwards receded another mny, 
the forenoon market closing sellers at 54s. 9d., and buyers 
54s. 84. In the afternoon there was a further fall, from 
54s. 8d. to 54s. 6d. cash, and the market closed sellers 
54s. 7d., and buyers 54s. 6d. The market was steady 
yesterday forenoon, with business done in warrants at 
o4s. 7d. to 54s. 74d. cash, closing with sellers at 54s. 8d. 
cash and 54s. 9d. one month fixed. buyers offering 1d. per 
ton less. There was also a steady market in the oon, 
and business was done at 54s. 73d. cash, closing nominally 
buyers at that price, sellers 54s. 9d. The market was 
steady this forenoon, with business done in warrants at 
54s. 104d. to 54s. 8d. cash, closing with sellers at 54s. 9d. 
prompt, buyers at the same price with a few days to pay. 
Yo business was reported in the afternoon. The nominal 
prices were sellers 54s. 9d., buyers 54s. 74d. cash. No 
material change has taken place during the week in the 
prices Of makers’ iron, with the exception of Coltness 
— land 3, which were reduced respectively 2s. and 1s. 
per ton last Friday, when a smart reaction followed. The 
Coltness brands been advanced in price more rapidly 
than the other special brands. Owing to the low rate of 
wages which miners are now receivi i 
amount of discontent is being manifested in the mining dis. 
tricts, and it is thought that the ironmasters will experience 
some trouble within the next few weeks ; and yet the position 
of trade is such as gives very little encouragement to the 
ironmasters to increase their cost of production by yielding 
an advance of wages. A further rge quantity of pi 
iron has been sent into store, the total amount wit 
Messrs. Connal and Co. last Friday night being 135,877 
tons, thus showing an increase for the week of 3932 tons. 
There is no alteration to note in the number of blast fur- 
naces at present In operation, the total still being 113 as 
inst 110 for this time last year. Last week’s shipments 
of pig iron from all Scotch amounted to 12,392 tons, 
2 2 cguinst 12,047 tons in ¢ corresponding week of last 








The Finished Iron Trade-—This branch of trade re- T 


mains practically unc 


mand continues, which enabl. rw : —_— 


tlemen, made a Board of Trade in. | Present, however, there are negotiations in progress which 
spection of the Sheffield = Company’s new line | ™4y avert the evil at present feared. 
pre! 


See ee pry 
ly active a $ are 

full time. A wrought-iron ‘shaft 33 in i 

turned out at the Clinton Iron Works, Iowa. The 
Cleveland Iron Company, Ohio, have been running their 
works night and day. 


Working Expenses on the Orleans.—The ratio of the 
bs is expenses to the traffic recei 
work of the Orleans Railway was 39 
as com! with 38.17 per cent. in 1875. 
network the ratio was 62.86 per cent. last year, as com- 
pared with 67.80 per cent. last year. 


Permanent Way on the Union Padific.—The permanent 
way upon the Union Pacific was well maintained during 
the past year, and the track and road-bed were never in 
better condition than at present. A new iron bridge for 
Hale Creek, which was contracted for in 1875, was put up 

summer and is now in use. The cost of this bridge was 
39,450 dols. It is the most important structure of the kind 
on the road, and the substitution of an iron bridge for a 
wooden one will effect a considerable saving as regards 
repairs. 

Northern of France Railway.—The Northern of France 
Railway Company has been officially authorised to open 
for ic two new sections of the collective le: of 
16} miles. The first of these sections extends from Epinay 
to Monsoult, on the Epinay and Luzarches line, the 
second from Montsoult to Beaumont, on the Mont- 
soult and Amiens line. The traffic on the Northern 
of France system has been dull this year, a decrease of 
63,0161. having accumulated to March 25. 


Nova Scotian Railways.—A Bill has been introduced 
into the Legislative Assembly of Nova Scotia to incorporate 
a company comprising sundry New York capitalists to 
constract a railway from New Glasgow to Whitehaven. 
Should the road be built r trains will run from 
New York to Whitehaven in 26 hours. The P com 
pany does not ask for any subsidy, but only for right of way 
and sites for stations. ork has been commenced on the 

tern Extension Railway of Nova Scotia connecting the 
Intercolonial Railwa: with Cape Breton vid Antigonish. 
Messrs. Abbott and Co. are the contractors. 

Locomotives on the San Paulo.—Two passenger C) 
engines, built by the Avonside Engine Company for the ee 
Paulo Railway, have equalled the expectations formed re- 
specting them. One of theSan Paulo’s company old passenger 
locomotives has been rebuilt, and a bogie has been placed 
in front with economical results. The Serra inclines on the 
San Paulo Railway are worked with stationary engines, 
and it has been n to renew the rope on the first in- 





























































iron establishments are better employed than those of the 
Staffordshire ; but should 
lock-out on the Clyde take place there will] been 


Prospective Lock-Out on the Clyude.—As already briefly 
ey were refused 


lasgow last Friday and agreed 
neral lock-out of all the workmen engaged in 
shipbuilding operations. It is certainly a very strong 


of subsistence of from 100,000 to 150,000 persons. At 


The Purchase of Messrs. Napier’s Shipbuilding Yard.— 
It has been announced that the purchaser of the extensive 
shipbuilding establishment belonging to the Messrs. Napier 
is Mr. Alexander Carnegie Kirk, engineer, Glasgow, and 
that the works, as at present conducted at Go 
Lancefield, will be carried on by that gentleman in con- 
poate with others. Mr. Kirk, who is a brother of Dr. 

irk, Zanzibar, has been many years in Messrs. Elder and 
Co.’s ay aoring establishment. The works pass into the 
hands of the new company at the November term. Since the 
sale took place there have been many surmises as to the 
actual purchaser or purchasers, but the secret has been 
remarkably well kept, for until yesterday afternoon nobod 
ever seemed to suspect Mr. Kirk with ving to do wit 
the purchase of such an immense industrial undertaking. 
It has been suggested that Mr. James Young, F.R.S., of 
Killy, with whom Mr. Kirk was long intimately associated 
at the Bathgate and Addiewell Mineral Oil orks, has 
also got something to do with this enterprise. 


Scottish Society of Arts.—On Monday night a meeting 
of this Society was held, Dr. R. M. Ferguson, vice-presi- 
dent, in the chair. Mr, Sang, secretary, read a report by 
the committee on ‘‘Mr. Van Buuren’s Compass for Ex- 
tracting the Cube Root.’’ The committee were of opinion 
that the instrument was an ingenious and, so far as they 
knew, an original application of well-known mathematical 
principles. They did not think, however, it would prove 
of much practical value; but in consideration of the geo- 
metrical interest attached to the communication, the com- 
mittee recommended it to the favourable notice of the Prize 
Committee. Mr. Sang next reada report by the committee 
on Mr. Alexander Leslie’s ‘Improved Joint for the | cline during the past six months. The cost of tractive 
Levelling Staff,” which was described as a very decided | power on the whole line, for the half-year ending Decem- 
improvement on the methods hitherto adopted. He also 31, 1876, was 14,9111., as com with 17,0991. in the 
le weal py f comune on Ie Le ee half-year ending December 31, 1875. 

* ngement for Applying Steam Power e Handfly . . . wg 

and Colning Press. The novelty in this invention Be me ony oe thle Thea ee eucay The =e —— 
(according to the committee) was the self-acting arrange- BE aioe having been already graded Rail tevin ’ will be 
ment, which performed its work very satisfactorily. ] shortly poh po aa ments of material from Eng. 
the reports “aa approved of. Mr. D. Bruce Peebles read land have arrived out. The Joannes viaduct has had some 
& paper on ‘A New System of tgiving Flash Signals. new longitudinal sleepers put in, and the whole of the iron- 
After referring to the systems of flash signalling by Bas work has been scraped and tarred. The Pojuca viaduct 
introduced by Mr. Thomas Stevenson and Sir William has had some new timber cross slee supplied, and 
Thomson, Mr. Peebles explained that the apparatus which b have been pub in tostiffen PE itudinal 
he exhibited consisted of an ordinary gas governor. It was | 8°me cross braces P ngitudina 

entirely enclosed, and a small controlling governor arranged age 

to throw the pressure of the inlet gas upon the bell or 
diaphragm of the larger or supply governor, thus openin; 

the valve. .A small stream of the inlet gas flowed into an 

out of the diaphragm or bell chamber, and might be let 
away either into the main outlet or by a separate outlet 
ipe. The electro-magnetic action was got from a small 
ichromate of potash battery, and a little timepiece, which 
made and broke contact, was arranged to give six flashes 
per minute, but any other reasonable number of flashes 
could be given, if required, while 1000 — could be as 
easily acted on as the seven which Mr. Peebles showed. 
While the rapidity of the flashes could be greatly increased, 
the duration of each flash could be La gm if necessary. 
~ Peebles enumerated gg ways in which 9 ——e 
of flash signalling might vantageously applied, 
pointing out, amongst other things, that by means of 
it a train might be made to give a visible signal of 
its approach at any distance from a station. The inven- 
tion was favourably spoken of by the Chairman, Dr. 
Stevenson Macadam, and other members of the Society. 
In the absence of Professor Fleeming Jenkin, his assistant 
(Mr. Ewing) read a paper by Professor R. H. Smith, 
Imperial Engineering College, Japan, on “Sensitive Ro. 
tating Gravity Governors.” 

Edinburgh and Leith Engineers’ Societ -—The closing 
address of the session in connexion with thi Society was 
delivered last Wednesday night by Professor Fleeming 
Jenkin. The subject was “ xamples of Application of 
Graphic Method to Dynamic Problems.” 


Fairfield Association.—At a meeting of this association 
on Friday—Mr. N. M. Ogilvie, president, in the chair—a 
paper on “‘ Paddle-wheels”’ was raya A Mr. Robert Smith. 
The paper contained much useful information, and at the 
close of the discussion Mr. Smith received a cordial vote of 
thanks. 


Engine Drivers in the United States.—The legislature 
of the State of Delaware has passed a law making it a 
penal offence for any railway engine driver to abandon his 
engine upon the track in the event of a strike. 

Australian Telegraphy.—Satisfac progress is being 
made with the Eucla tel ph line, which will connect the 
colonies of South Australia and Western Australia. Tho 
Iarectte Bay. Yi te couldenty cepted thes sang eae 
Israelite Bay. It is confidently ic 
communiestion will be established between Perth, soe 
Australia, and Adelaide, South Australia, by June, 1877. 
This was the date originally arranged for. 


Tramways in Paris—At the close of 1876, the Paris 
Tramways Company had 13} miles of line in operation. 
The revenue of the company for last year amounted to 
47,4661. The working expenses of the year, including 
interest on obligations, were 46,702l., leaving a surplus of 
7641. The number of passengers carried for the year was 


Coal in Otago (N.Z.)—Mr. 0. T. Marie has commenced 
working what promises to bea valuable seam of coal in the 
rovince of Otago, New Zealand. Coal is now raised 
rom a depth of about 90 ft. A vein of iron ore runs 
through the property leased by Mr. Marie, 
American Locomotive Building.—We learn that 232 
locomotives were built last year in Philadelphia, 


The Suez Canal.—The Suez Canal Company did a food 
stroke of business in the ten days mig 4 Apnl 20. Thus 
in that period 59 ships passed through the canal, and the 
transit revenue collected amounted to 46,0001. 

Armour Plates for Italy.—The Oreus6t Works are 
making at present some armour plates for several Italian 
ironclads. 

Patents in Germany.—The German Reichstag has voted 
a new Patent Act. Patents are to be granted by this Act 
for 15 years, and only 30 marks need be paid at the outset. 
The Act also provides that inventors in needy Sanne 

m 


must be wale annually. he pubsclion at pane te 


must be 
Steel Rails for the Eastern of France.—The Denain, the 








FOREIGN AND COLONIAL NOTES. 
American Mechanical Industry.—The Kell Bridge 
company, of Buffalo, in the State of New York, has an 
order for five spans of iron bridges for the Houston and 

exas Central i -. Messrs. Starr and Son and 
Messrs. R. D. Wood and Co. have secured a contract from 





e es to 
moving steadily though not actively, It is confident? The 





entrusted to a central patent office. 
Terre-Noire, and the Creus6t works have divided an order 





the City of Boston for 5000 tons of cast iron water-pipe. 
Price is said to be something under 28 dols. per ton 
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but the delivery of the remainder will not be completed 
until 1879. Terre-Noire is to supply 9000 tons ; Creusdt, 
6000 tons; and Denain, 3000 tons. The contract prices 
range between 81. 5s. 6d. and 81. 17s. 3d. per ton. The 
highest price is to be paid for the rails to be delivered 
this year by the Denain Works. Creusdt is not bound to 
deliver its 6000 tons until 1879. 

Colonial Locomotives.—The Victorian engineer-in-chief 
for railways has condemned, in an official report, some 
le tives tly manufactured in Victoria. The con- 
tractors for the engines challenged the correctness of the 
engineer’s statements; and in order to have the matter 
thoroughly investigated, the Victorian Government has 
determined to appoint a board to consider the merits or 
demerits of engines of colonial manufacture. 

An American F Boat.—The Harlan and Hollings- 
worth Company, of Wilmington, Delaware, has secured a 
contract for a ferry boat to be built for the West Jersey 
Ferry Com , and to run between Philadelphia and 
Camden. The boat will be 155 ft. long. 


Spanish Railways.—We learn that the Ciudad Real 
and Badajoz Railway Company is preparing to commence 
the works of a line Remon ay conceded to it to run from 
Madrid to Ciudad Real. Contracts have been entered 
into for the supply of the rails required as well as for the 
construction of three large iron bridges. 

Torpedoes.—During a recent visit to Great Britain, Mr. 
E. C. Cracknell, superintendent of phs in New South 
Wales, collected a large amount of information with 
reference to torpedoes, both for offensive and defensive 
warfare, more particularly those suitable for the defence 
of the harbours of Port Jackson, and Newcastle and 
Botany and Broken Bays. Mr. Cracknell was supplied 
by the English authorities with confidential correspondence 
respecting the def of the English seaports with these 
terrible engines of war, and he made arrangements by 
which he will be fnrnished with details of such improve- 
ments and inventions as may be introduced into them. 


Baltimore.—If the Baltimore and Se - vee Mer 
y furnishes paying quantities of freight to the 
hip lines projected from Baltimore, it will be 
necessary for the company to lay down a double track to 
Chicago, and to buy 5000 or 6000 freight cars. The latest 
projection is a semi-monthly line to Liverpool, to be run in 
alternation with the Allan line, so as to give a steamer to 
Liverpool weekly from Baltimore. 


Canadian Pacific Railway.—The track on this road 
has been laid for 35 miles from the eastern terminus at 
Fort William on the Kanimistiquia river, two miles from 
its mouth in Thunder Bay. At Fort William a wharf has 
been completed, and a substantial stone roundhouse, 
repair shop, storehouses, and other buildings are in 

rogress, including dwellings for the railroad staff. A 
Ceoneh line has {been ‘‘ located’’ about four miles long to 
Prince Arthur’s Landing. 

Belgian Metallurgical Enterprise.—The John Cockerill 
Company has leasec the Hungarian State metallurgical 
establishments at Diosgyeer for a term of twelve years. The 
leasing company undertakes to put ve establishments in 
question on a footing which will enable them to manufac- 
ture 15,000 tons of steel rails in the first year and double 
that quantity in the second year. At the expiration of the 
lease, the works are to again become the Lae: gd of the 
Hungarian Government without any indemnity being ac- 
corded to the leasing company. 


Algerian Railways.—Contracts for the execution of 
three sections of the East Algerian Railway, commencing 
from the Constantine end, have been let at prices below the 
estimates made. A fourth contract for a section near 
Sétif will be let at the close of this month. In the course 
of this year the works will accordingly be commenced all 
along the line. 

Hell Gate.—The contractors have begun to clear away a 
mass of broken rock from the scene of a recent explosion at 
Hell Gate, New York. The rocks do not appear to have 
been broken into very small fragments, some of the pieces 
weighing several tons. The contractors are using dynamite 
to break these large fragments. 


Pennsylvanian Industry.—The Lancaster Locomotive 
Works are to be converted into a rolling mill by Mr. W. 
H. Roberts, who has recently purchased them. Of 51 
furnaces in the Lehigh Valley only 21 are in blast. 


Coal in France.—It appears that in 1876 the basin of 
the Nord produced 3,315,000 tons of coal, as compared with 
3,372,000 tons in 1875. The production of the basin of the 
Pas-de-Calais in 1876 was 3,312,000 tons, as compared with 
3,242,000 tons in 1875. The increase in the combined pro- 
duction of the two basins last year, 1s compared with 1875, 
will be seen to have been only 13,000 tons ; but as compared 
with 1874, the production expanded to the extent of 345,000 
tons. 

Canadian Railway Worxing Expenses.—The ratio of 
the working expenses to the traffic receipts on the Great 
Western Railway of Canada still continues most severe. 
In the six months ending January 31 this year, the ratio 
was 83.15 per cent., as compared with 78.77 per cent in the 
six months ending January 31, 1876, and 78.82 per cent. in 
the six months ending January 31, 1875. 


Steel Rails on American Lines.—During the year ending 
September 30, 1876, the Cumberland Valley Railroad Com- 
pany ye and laid 800 tonsof steel rails for which it 
= 1 dols. ton. There are now in the main track of 

his road tons of steel rails, the whole cost of which 
was to revenue. In 1876-7, the company expects 
to Jay 1000 tons more. 

















BOURRY’S DIFFERENTIAL SCREW PIPE JOINT. 


WE illustrate above a differential screw coupling for 
pipes, recently patented by M. E. A. Bourry, of St. 
Gallen, Switzerland, and now being introduced by Mr. B. 
H. Wedekind, of 158, Fenchurch-street, London. The 
arrangement consists in screwing the ends of the pipes 
to be connected with threads of different pitch, and em- 
ploying unions tapped with corresponding threads, this 
combination increasing the power available for making 
the joint in the proportion of the difference of the pitch, 
and at the same time facilitates the disconnecting of the 
joint. Fig. 1 shows the connexion of a tube to a plate by 
means of a screw ferrule, the finer thread of which is on 
that part entering the plate, a metallic washer being in- 
troduced between the end of the tube and the underside 
of the plate. Fig. 2 shows a joint with two pipes of un- 
equal diameter, by means of a tapped union and a metallic 
washer interposed. Fig. 3 shows the union of two pipes 
of the same diameter. In this case the end of one pipe 
is left unscrewed for a distance equal to the length of 
coarser thread in the union, to allow of the latter being 
run back on the pipe before the joint is made. 








NOTES FROM THE SOUTH-WEST. 
Ezplosion in the Bristol Channel.—A Board of Trade 





inquiry respecting an explosion which occurred on board | 


the Newport steam-tug Britannia, by which two lives were 


| 


lost, five miles west of the Peterstone Flats, in the Bristol | 


Channel, on the 9th ult., was resumed at the town hall, 
Cardiff, on Saturday, before Mr. R. O. Jones. Mr. J. R. 
Ravenshill and Captain Castle acted as engineering and 
nautical assessors. Mr. R. O. Jones read the report of 
the assessors. They were of opinion that the boilers were 
never fit to bear the continuous pressure of 25lb. per square 
inch. From the evidence, in which the court entirely 
coincided, the explosion seems to have occurred by a 
rupture of the shell from the continuous seam of rivets in 
the plate at the upper part of the side of the port boiler. 


There could be no doubt that the material used in the | 


construction of the boilers was of a moderate quality. The 
examination of the safety valves proved that one valve was 
loaded up to a pressure of 29} 1b. per square inch at the 
time of the explosion, and an examination of the fracture 
in the midship side of the facing |jproved that the thick- 
ness did not exceed 2; in. The two assessors were of 
opinion that it was at one of these plates that the explosion 
commenced. The amount of pressure, as indicated by the 
gauge of the tug-boat, was 24). per square inch; yet on 
the gauge undergoing a severe examination it was proved 
that there was a deficiency in the amount of pressure in- 
dicated of 531b. From the evidence of the owner of the 
vessel, it appeared that the gauge had been in his posses- 
sion for five years without its being examined. In con- 
clusion, the court, being aware that a very large number 
of tugs were running without any such inspection as vessels 
coming under the supervision of the Board of Trade are 
subject to, expressed a hope that this fatal accident might 
not have occurred without being a useful warning to them. 
In the opinion of the court both the owner and engineer of 
any such vessel should take the necessary steps to inform 
themselves as to the actual weight on the safety valves of 
their boilers, and also that all steam gauges should from 
time to time be examined and tested for accuracy. 


Culm Valley Light Railway.—At the half-yearly meet- 
ing of this company at Exeter, the directors, in their re- 
port, expressed a belief that the traffic on the line would 
continue to grow, and that if the railway were worked to 
the full extent contemplated by the agreement the revenue 
would consi bly increase. 

Close of a Strike.—After a strike'which had lasted seven 
mon the colliers employed by the Bonville’s Court Coal 


| 
| 








and Iron Company, at Saundersfoot, have resumed work 
ona reduction of 15 per cent. 

The Double Shift System at Mountain Ash. — The 
workmen ites at the Cwmpennar collieries commenced 
working on the double shift system on Monday. The first 
shift commenced to work at six o’clock in the morning, 
and continued until three o’clock in the afternoon, when 
the other shift took its place, and worked up to twelve 
o’clock. Then the timber-men commenced their shift, 
which ended at six o’clock the next morning. The majority 
of the men resumed work on the new arrangement, but a 
large number of them have left for the Rhondda Valley 
and elsewhere. 

Bristol Steam Navigation Company.—On Wednesday 
Sir John Arnott signed a contract completing the sale of 
the fleet and business of the Bristol and Steam Navigation 
Company to the Cork Company. 

Pontypool.—Two blast furnaces were started at the 
British Iron Works, Abersychan, on Monday, and it is hoped 
that this step is preliminary to increased activity in the 
neighbourhood. The furnaces referred to will furnish work 
for over 200 men. 

Brynmawr.—The men at Nantyglo and Blaina did not 
work every day last week. At Tredegar the colliers only 
worked half the week. The Rhymney house and steam 
coal colliers were also less busy than usual. The London 
and North-Western Railway Company are said to have 
negotiated with the Tredegar Company for the supply of 
1000 tons of coal per week. The manufacture of iron at 
Tredegar last week was over rather than under the average. 
Steel rails are much in ‘favour amongst buyers. Large 
consignments have just been sent away to India and other 
places. The Ebbw Vale and Victoria furnaces are in full 
swing, and the Rhymney makers are well occupied. 








THe Care Exutsition.—The South African Exhibi- 
tion, as already announced, was successfully opened on the 
5th April by the new governor, Sir Bartle Frere, and in 
the colonial papers to hand by last mail we find glowing 
accounts of the inaugural ceremony. In the Cape Times 
of the 10th of April we find also some interesting reports 
on the various exhibits, and we extract the following from 
this paper in reference to English machinery in the Agri- 
cultural Department: ‘‘ The exhibition of "nests. Ran- 
somes, Sims, and Head is a most interesting one, and we 
anticipate that our farmers will not neglect an opportunity 
of seeing it, and taking away with them some valuable 
suggestions. First we regard as of very considerable 
importance to this country the engine which consumes 
either coal, wood, beanstalks, straw, or reeds, or the stalks 
of the Indian corn. For the straw consuming, an apparatus 
is placed on the front of the firebox, and is fed from a 
trough in which there are revolving teeth. Thus one- 
eighth of the quantity of straw of the crop thrashed is 1 
for fuel. Another great advantage is that the engine is so 
simple that any one can work it. The other engine is for 
gen purposes, such as mining, and is supplied with 
reversing gear. The thrashing machine is one of the latest 
improvements, with double blast, and can thrash 
350 bushels a day. The corn mill, which stands near the 
thrashing machine, is decidedly new to this country, and 
sends the antiquated notions of windmills away altogether. 

is mill turns out four bushels of fine flour hour. 
The stones are 42 in., and the mill is very portable, which 
is a great convenience in this colony. ve ploughs 
of very varieties for South Africa are exhibited. 
We regard, however, the straw-consuming engine as the 
most important agricultural machine ever imported into 
South Africa, and likely to lead quite a new era in practical 
farming in this country. The great drawback hitherto to 
the employment of steam machinery in our _—, 
districts has been the want of coal or wood. engine 
supplies that want, . 
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A NEW SYSTEM OF PERSPECTIVE 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION. 
(Continued from page 265.) 

Central Symmetrical Planes. —Central symmetrical 
planes are planes all the sides of which are equal, 
and equidistant from the central point; equilateral 
triangles, squares, pentagons, hexagons, octagons, 
&c., come under this denomination. For the pro- 
jection of planes of this description we shall employ 
central projection. 

The first point is to ascertain the value of the 
central angles, made by the crossing of the diagonal 
lines connecting the angular points of the figures 
which are equal to each other, and this can always 
be obtained by dividing 360 deg. which equals the 
sum of the central angles by the number of sides 
containing the figure, the quotient will indicate the 
value of each of the central angles. * 


For example, + = 120° will equal the central 
angle of the equilateral triangle, 9°°° — go° will 
equal the central angle of the aquare, 00" = 72° of 
the pentagon, = 60° of the hexagon, = 


360° 


45° of the octagon, 


&e. 

We shall take @ to represent the central angle, 
the value of which is obtained as above described, 
and R half the diagonal line or the distance from 
the centre to each of the angular points. 

If, then, the figure is to be projected with one of 
the angular points towards the perspective plane, 
we must find by a reference to Table B the sine and 
cosine of the angles represented by 6,2 6, 3 6, &c., 
up to 90 deg.; or if the figure is to be projected 
with one of the sides parallel to the ctive 
plane of the angles represented by } 6, 3 6, $6, &c., 
up to 90 deg., the product of the sines and cosines 
thus obtained multiplied by R will give the dif- 
ferences of the ps ver in the formule for the 
angular points of the figures ; for example, 

The Equilateral Triangle.—The angle being 120deg. 
greater than a right angle, we take the supplement 


30° of the duodecagon, 














60 deg. We find from Table B that sin. 60 deg.= 
.866, and cos. 60 deg.—5, the formula is 
x P Z 
x aR Z 
X+R.866 TR.5 Z 
Fig. 49. 
A 
Powt of View 








We have then only to give a value to R, dependent 
upon the size of the figure to be projected, and also 
to X, Y, and Z, the co-ordinates of the centre, 
which is in these cases the initial point, and by this 
means place the figure in any Peasy: in the picture 
which may be required, it then only remains to 
transform the ordinates of the point in space into 
the corresponding ordinates on the plane of the 
picture by the means already described. 

The Square.—In the case of the square we must 
project the semi-diagonals drawn from the centre 
to the four an points, the semi-diagonal being 
equal to the side of the square multiplied by 1.41. 

ecan by this means project a square inclined at 
an angle of 45 deg. to the perspective plane by 
projecting the semi-diagonals perpendicular and 

el to it. If the side of the square should be 
inclined at any other angle to the axes= 9; 45°+, ?, 
and 90°—(45°+9) will represent the angles at 
which the semi-diagonals should be proj . 

The Pentagon.—The angles in this case are 72 deg. 
and 144 deg., the supplement of the latter bein 
36 deg., the sine and cosine of 72 deg. are .951 an 
-309, sin. and cos. of 36 deg. are .809 and .588, the 
formula is: 














x e 4 2 
x Y+R Z 
X+R.951 Y+R.309 Z 
X+R.809 Y+B.588 Z 











The Hexagon.—The angle is 60deg., the sin. and 
cos. of which are .866 and .5 ; the formula is, 
x Z 
































z ea = 
x Y+R Zz 
X+R.866 Y+R5 Z 
or when one side is parallel to the plane of perspec- 
tive, 
x z 
XtRB.5 Y¥+R.866 Z 
XiB Y Z 


30 deg. half the central angle being in this case the 
complement of 60 deg., and consequently the sine 
and cosine .5 and .866. 

The Octagon.—The angle is .45deg., the sin, and 














cos. of which are both .707; the formula is, 
x a 2 
x e +R Z 
X+R.707 Y+B.707_ Zz 
X+R mf Zz 

or when one side is parallel to the perspective 

plane, 

am * x z 
X+R.383 Y+R.924 Z 
X+B.924 Y+R.383 Z 





The sin, and cos. of 22 deg. 30 min., the half of 
45 deg. being .383 and .924. 

The Decagon.—The angles are 36 deg. and 72 deg. ; 
the formula is, 





















































x z 
x Y+R Zz 
x+R,809 Y+R.588 Z 
X+B.951 Y+R.309 Zz 

The Duodecagon.—The angles are 30 deg., 60 deg., 

and 90 deg. ; the formula is, 

x Y Zz 
x Y+R Zz 
X+R.5 Y+R.866 Z 
X+R.866 YsR.5 Z 
X+R Z 


Ri 


16 Sides. The angles are 22 deg. 30 min., 45 deg., 
67 deg. 30 min., and 90 deg. ; the formula is, 





























x me # s 

x YR Zz 
X+R.383 Y+R.924 Z 
X+R.707 Y+R.707 Z 
X+R.924 YB.383 Z 
XtR ¥ % 


20 Sides. The angles are 18 deg., 36 deg., 54 deg., 
72 deg., 90deg.; the formula is: 
x 
































Y Z 

x Y+R Z 
X+B.309 Y+B.951 Z 
X+R.588 “Y+R.809 Zz 
X+R.809 Y+R.508 Z 
X+R.951 Y+R.309 Z 
XiB a: aca Z 








24 Sides. The angles are 15, 30, 45, 60, 75, and 
90 deg. ; the aaa is, 















































ae 

x YR z 

X+R.259 Y+R.966 Zz 
X+R.5 Y+R.866 Zz 
X+R.707 Y+R.707 Z 
X+R.866 YR5 Z 
X+RB.966 Y+R.259 Zz 
X+R Y Zz 

So far we have supposed that the central 


etrical figures are situated in a horizontal plane; 

if they are situated in a vertical plane perpendicular 
to the perspective plane it will only be necessary to 
apply the differences found as described to the 
ciinates Y and Z in each formula instead of to the 
ordinates X and Y. Or if they are situated in a 
vertical plane parallel to the ctive plane, the 
differences must be applied to the ordinates X and Z. 
If they are situated in a vertical plane oblique to 





the lane it will be to de- 
termine the e which the plane in w the 


ive 


figure is situated makes with the vertical plane 
passing through the axis of Y, and this angle we 
shall designate by -), taking also ? to represent the 
central angle in any one of the forms of the formule ; 
the general form may be expressed thus : 

X+ Bain. Psin..) Y+Rasin. Poos..) Z+R. cos. 2 


EXAMPLES, 

Central Planes.—In the following examples we 
shall 7 that the semi-diagonal in cases 
equals in length, the ordinates of the initial 
int, which in these cases is the centre of the figure, 

x=6 Y=4 Z=5 
Example 1. The equilateral triangle, 

0 





6 4 _5 
4. wil 3.55 

2 A 
6 ane 5 

21.73 1.738 L B 
“66  -427°0~C«d72«78 8 5 
5 329 40 -5.95 7 3.05 


7 

Here we have supposed that one side of the triangle 
is towards the perspective plane ; if one of the angles 
is towards the perspective me, oo be only ne- 
cessary to change the signs e differences of the 
ordinate Y in the points A and B. In all these 
central symmetrical figures the projection of the 
point 0 gives the projection of the centre point of 
ee which in practice will frequently be found 
use 


Example 2. The hexagon one angle towards the 
perspective plane, 








0 
» 4 a 
4.26 71 3.55 
2 A 
es ae 5 
4.98 "83 4.15 
2 178 178 I. B 
866 427—(72.738 2 5 
5 3.29 5.95 3 “4.15 
1. Cc 
6. Se: 5 5 
286 «5.18 7 3.35 
2 D 
Be eit 6 5 
3.72 2 3.1 
Fig . 50. 
oe 
Pout of View 
One side parallel to the perspective 00% 
x 4 = 
4.26 7 3.55 
ee * 1. 1.78 A 
| Pe ees, Sea 3 
866 4.05 5.67 Fl 24.05. 
= 2 B 
ae orks 4 5 
2.84 5.68 i 
1,78 
5 7 5.7 
3.2 4.48 ry! 3.2 
| Fig. 5. 
j a 
Cre: 
Point of View 





Example 3.—The octagon one angle towards the 
perspective plane, 





0 
6 4 5 
4.26 77 3.55 
2 A 
Bape 2 5 
4.98 3 4.15 
14i 141 i4il B 
2 450 Tél 2.6 5 
707 «8.638 5.85 7 8.95 
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S. c 
< a: 4 5 
284 5.68 7 3.55 
1.41 
4.59 7.41 5.4 5 
2.98 4.82 & 3.25 
3 
6 6 5 
3.72 62 3.1 
Fig. 82. 
ce? 
c 
Point of View. 
One side parallel to the perspective plane, 
0 
6 » | a 
4.26 7i 3.55 
2 7 7 18 OA 
383 5.28 6.77 2.1 5 
924 4.34 5.62 3 4.15 
2 185 1.85 7 B 
wa 4 7.85 3.2 5 
-383 8. 5.97 76 3.8 
77 C 
4.15 7.85 4.8 5 
2.78 5.26 67 3.35 
1.85 D 
5.23 6.77 5.8 5 
3.29 4.26 63 3.15 
Fig 53. 
ew 
-B 
oO 
c ed 
Point of View 





It is unnecessary to give more examples in this 
ease, as all central symmetrical fi , whatever may 
be the number of sides, are projected perspectively 
on the same principle; assuming the formule already 
given, 

Circles—The Circle Horizontal.—Taking the radius 
at 2 ft, : 














0 
6 4 5 
4.26 7 3.55 
2 
is 2 5 
4.98 83 4.15 
2 
eee | 5 
3.72 62 3.1 
4 8 4 5 
2.84 5.68 7 3.55 
2 318 = s518 1.93 
250 a” la 6h Ree 5 
966 4.53 5.38 26 4.13 
2 T. 1 1.73 
5 * nx Pee 5 
866 4.06 5.69 313 4.06 
i4i Ss 1.1 1.41 
2 xc kt” aes | 5 
707 3.64 5.88 704 3.97 
1.73 06=— 1.78 i. 
=~ eo eo Be 5 
3.28 5.94 769 3.84 
198 =: 1.98 518 
4.07 7.93 ~ $5 5 
3.01 5.88 Tai 37 
518 
4.07 2. ti(i HS 5 
281 85.47 9 3.45 
1. 
4.27 7.73 al 3 
2.85 515 667 3.33 
1.41 
4.59 7.41 5.4 5 
2.98 4.81 o0 3.24 


pendicu 
6 
4.26 
518 
6 
4.45 
T 
, 2 
4.61 
14 
6 
4.76 
1.73 
‘ S43 
4.88 
1.93 
P 2.98 
1.93 
F 1.93 
3.77 
1.73 
4: 
3.82 
1.41 
oc 
3.89 
. 
ie 
4 
518 
6 ee 
4.14 


oblique to the 
it is situated 





1.73 
pio ® 5.7 
3.18 4.46 637 

1.93 
548 682g 
5 20 4 = 

Fig. 54 

Potnt of View 

















0 
6 4 5 
4.26 iil 3.55 
2 
"aad 2 5 
4.98 33 4.15 
2 
ey 6 5 
3.72 ms 3.1 
2 2 
E ap) tae 
“71 2.13 4.97 
1.93 1.93 
ie 3.07  ~—«~MA_OVB 
7a 2.27 5.138 
1.73 1.73 
——- oa —~— ae 
6 2.51 b.17 
1.41 1.41 
26 359 6.41 
"794 2.85 5.09 
T. 1. 
o_o oes 
33 3.25 4.88 
518 .518 
2.1 448 ~~ 5.52 
306 3.7 4.56 
5.9 4.48 5.52 
$29 2.81 3.47 
5.7 4 6 
637 2.55 3.82 
5.4 3.59 6.41 
“649 2.33 4.16 
5 3.27 6.73 
. 667 2.18 49 
4.5 3.07 6.93 
69 2.12 4.78 
‘Fig. 55 
f ' 
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Pernt of View. 
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Example 2. The same circle vertical in a plane per- 
to the perspective plane. 


Example 3.—The same circle in a vertical plane 

rspective plane, the plane in which 
orming an angle of 45 deg. with 
the vertical plane passing through the axis of Y. 


fi 
497 





518 5.68 3.6 3.07 6.98 
707 4.14 735 2.26 5.09 «259 
a = 707 173 1.73 - 
eee ee) ie eee Oe 
707 3.98 752 2.46 506 5S 
Ti Li T4l 1.41 866 
1.41 49 290—i8kiK 
707 3.8 na 1.78 497 = .707 
122 «12 4 1 
173 478 «88 4 CG 
i 3.78 781 3.12 4.69 
is 1% Se ss 
193 464° 26 448° 5.82 
707 3.68 794 3.56 4.38 
1.36 1.36 
~ 736° 5a 4.48 5.52 
78 3 2.91 3.58 
1.22 1.22 
~ 792 B24 6 
4.75 $58 2.63 3.95 
1.1 1.1 
yee 5.1 3.59 6.41 
4. 62 1.38 4.24 
707.207 
a. + 3.27 6.73 
4.56 ro} 2.22 4.58 
7 
6.37 4.4 3.07 6.93 
4.45 309 2.14 4.34 
Fig. 56. 
Pornt of View 








The projection of the circle is here given with 
24 guiding points, as in the absence of geometrical 
crossing lines this is possible, and in the perspective 
representation of vaults, domes, arches, whether 
Gothic or circular, in which cases only certain 
portions of the circular curve is required ; this mode 
of projection will be found practically useful, but it 
_ requently be desirable to project the circle 
with fewer points, in which case we have only to 
project 4, 8, 12, &c., guiding points by the formule 
given for the projection of the angular points of 
central symmetrical figures, and then sweep a curve 
through them by hand; the guiding points in the 
examples are made much more prominent than it 
would be necessary to make them in practice ; the 
slightest possible point made witha hard very sharp- 
pointed pencil would be quite sufficient. 


NORTH STAFFORDSHIRE INSTITUTE OF 
MINING AND MECHANICAL ENGINEERS. 
Inaugural Address delivered by the President, 

Mr. DANIEL ADAMSON. : 

As this is the first time I have had an opportunity of 
addressing the members of this Institute since being re- 
elected as your President, allow me to thank you for the 
honour you have done me, and for your confidence in 
electing me as your President for the second year. It is 
desirable that I should state, when solicited by the Council 
to continue in office for the second year, I assented with 
the understanding that there would be no contest for the 
Presidentship, or I certainly would not have given per- 
mission for my re-election, but being honoured with your 
confidence, I hope the Institution during my second —_ 
of office will continue to be useful and prosperous. 1am 
informed that the first meeting of this young Institute 
scataf moctiog being held Februscy: 10,1879, 90 that the 
annual meeting being held Fe , , 80 e 
Institute is now in the fifth year of its age. At the second 
annual meeting held in February, 1874, 105 ordinary and 
8 honorary members were registered on the books. At 
the annual meeting February, 1875, there were on the list 
234 ordinary and 8 honorary members; and the number 
of members at the annual meeting held January 12, 1876, 
were 335 honorary and ordinary: unfortunately many 
of these new members never paid any subscriptions, 
and at the close of the year 95 names were struc 
off, their claim of membership having elapsed owing 
to non-payment of annual subscriptions. At the fifth 
annual meeting, held February 7 of this year, the members 
stood at 266, viz-, 258 ordinary and 8 h -_ Notwith- 

ing the non-payment of subscriptions, the Institution 

still be considered prosperous, as at the date of the 
pas fuer Nee after all liabilities were disc , there was 
a balance in favour of the Institute of 275). 10s. 9d., 
gether with arrears of subscriptions $91. 18s., ) 
total sum of 315/. 8s. 9d. e may hope the p rity 
and usefulness of the Institute will be farther aa aed, 
as the Council have D to have all papers by 
them printed together with the discussions thereon, and 
such records presented to the members for reference, an 
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they will also be offered to the general public at a reason- 
able profit to the Society. 

In Staffordshire, as elsewhere in England, the coal and 
iron trades are very much depressed, and it is not at pre- 
sent easy to discover, notwithstanding abundance of 
money in the country, by what means an improved state 
of trade and commerce is to be secured. Our home trade 
cannot be said to be much better than our foreign business. 
Probably all the states of Europe are as badly situated as 
ourselves, which in some measure will account for the 
active competition against us in our sapect business, and 
hence our diminished export trade. To secure'a larger 
proportion of the trade of the world for our princi 
manufacture, it is clear that some system of action amongst 
masters and men is necessary to cheapen_our productions, 
and in all cases where we are losing the trade by the high 
price of our manufactures, it behoves both the manufac- 
turer and the workman to well consider their position, and 
if possible take such steps as will reduce the cost of pro- 
duction, more ary by improved appliances rather 
than by longer hours of labour or the reduction of wages. 
If it was possible to secure the united action of trade 
unionists in every department of manufacture to confer 
with the employers, and endeavour to hit upon some 
system by which the cost of production could be reduced, 
the trade of England could more than restored, and 
the prosperity of the land secured by such an increase of 
ski om industry. Iam not one of those that seek to 
bring around longer hours of labour for skilled artisans, 
but rather by the further application of science to manu- 
facture to cheapen everything, and hence enable if possible 
a British workman to buy more for one sovereign than he 
can now do for thirty shillings, and in case of any special 
depression of our manufactures, the only sound method 
for its restoration is for masters and men to combine for a 
reduction of costs, that such trade might be extended not 
only at home but abroad, and thereby secure a more ex- 
tensive demand for such manufacture. 

There may be o’ her conditions that stand in the way of 
the restoration of our home business ; nothing has come 
more prominently before myself than the — to 
steam on tramroads, more especially to perform the omnibus 
work in our large and small towns. Let us have a narrow 
gauge system of steam trams not exceeding 3ft., and street 
passenger traffic could be quickly and cheaply carried 
through the day, while coals and merchandise could be 
conveyed during the night, and a measure of the 
tractive power now exerted by horses would be done away 
with, yg the cost of passenger transit much reduced b 
such a judicious application of the ‘‘ steam horse.’’ x 
Royal Commission has this subject under consideration, 
a let us hope their conclusions will lead to the abandon- 
ment of the ani drudgery of the horse-power system. 
In this direction we may hope a further extension of steam 
power will be applied to the cultivation of the land, after 
the noble example of one of our members, His Grace the 
Duke of Sutherland, who has by great courage and enter- 
prise brought under cultivation a la: area of land, as 
many of you have seen, in Sutherlandshire, close to the 
lake of Loch Shin. ff I recollect right this process of 
cultivation has been going on now for a long time, and 
bringing a new district under cultivation at the rate of 
three acres per day; let us hope that His Grace will be 
amply compensated for his courage and heavy expenditure, 
while we may rest assured the country will be much 
benefitted by an increase of agricultural produce. A more 
courageous act than this could hardly be found in our 
country, and the Duke’s example might be wisely followed 
by us all in our endeavours to e the best of what 
belongs to us, and what our neighbours have a right to 
expect at our hands. 

Were I an Irishman, and addressing an Irish audience, I 
could imagine nothing better for|my country than to say 
to such ‘* Go and do likewise.”’ 

A large field of enterprise is open in this direction for 
combined capitalists, under the Limited Liability Act, to 
purchase large tracts of land in Ireland, cultivate such by 
steam power, and every other appliance that science can 
suggest both mechanical and chemical, at the same time 
securing the best go Irish skill, as may be now 
found upon the land, inviting co-operation, remunerating 
every man, first, fairly for his labour, secondly, for his 
capital, and, further, as far as practical, in some judicious 
manner ne pr pe him for - realised = and the = 
couragement of persevering industry, giving to every Irish- 
man so situated the fullest practi A stom | It ad even 
be worth the while of some membefs and friends of this 
Institute to subscribe a few thousand pounds each, with a 
view to extend our own manufactures, and wisely help to 
increase the bread-producing power of Ireland, and puta 
stop tothe cry of non-resident landlords. 

i Royal Commission is to inquire into the prevention of 
periodical floods, which no doubt now mainly occur through 
the radical changes effected in the in drainage of the 
land, to get quickly rid of the surface water all over the 
country ; unfortunately this important operation stops too 
soon, the rainfall water being quickly passed into the 
brooks and rivers, without any provision having been made 
or any increased facilities for carrying off the flood 
water in less time. The brooks and rivers have left 
as crooked and as conservative as in olden times. To the 


civil engineer more especially this opens a new field of 
enterprise, as levels of rivers require attention, while the 
crookednesss of many must be made straight ; probably 
the more important operations will have to commence pear 
the coast line. Many of our rivers and streamlets would 
pay to : hten in a —— the ae 

»W. ble or e quanti water could 
then bejpassed down them in the same im. this 
change, however, might interfere with the water ly of 
towns, it becomes a most serious ion if it w not be 
extend its inquiry into the general water supply of the 








nation, and by the adoption of just measures, under im- 
perial action, much money might be saved to the country 
at , and a much more efficient system of water storage 
and after distribution secured to every town and village 
and at the same time suspending local contentions and 
oppositions by the act of two or more corporate bodies 
wasting their time and money in contending for water 
supply from the same brook or river; and by such a uni- 
versal system the most might be made of our high and 
pure water collecting lands, and which, no doubt, would in 
some measure help to reduce the severity of the floods by 
safely storing storm water. The great want of an efficient 


pal | town sewage system is pressing upon us, and in the end: 
will also have to be considered as a whole rather than the: 


thousand and one detached schemes now being carried out 
partly on the principle of “‘bother, ruin, and stink your 


ow 

o doubt the large mineral resources of North Stafford- 
shire are interesting to societies like this, and it is desirable 
for the members at any rate to well consider what will 
contribute to the pres rity of their district. Mineral fuel 
being in such abundance and of good quality, would 


naturally prompt us to consider manufactures that are. 


carried on by the use of ironstone and coal. Of late years, 
since the introduction of cheap steel more especially, 
the mineral resources of this county have been somewhat 
reduced in value and interfered with, as up to this time the 
ironstone and fuel of North Staffordshire not produced 
a metal suitable for this new steel proeess, and if in the 
future such cannot be accomplished, it will behove its 
people to cultivate such detailed manufactures as might be 
found profitable by the use of good and cheap fuel. 

As an illustration of this position, a Bessemer steel rail 
may be made more cheaply in other districts, and hence the 
great steel rail trade of this country will be done elsewhere 
(but no doubt at present stngarelively wapeeitabiy), as we 
know aton of heavy steel rails can bought for about 
71. sterling, andaton of such rails, at 84 1b. per yard, will 
only lay a single line of railway 134 yards. Now let us com- 
pare the cost of this with the refined steel manufacture 
where fuel and skilled labour must be brought to bear. 
Take, for instance, the cost of a ton of steel made into 
hair-springs for watehes of the ordinary and highest 
classes, and we shall then see it is not necessary for the 
prosperity of adistrict to be engaged in the heaviest of 
manufactures. To better illustrate these conditions I 
submit for your after examination three such steel watch- 
springs. The helical and cylindrical hair-springs, as now 
exhibited,] for which I am indebted, to Messrs. Arnol 
and Lewis, jewellers and watchmakers, of St. Ann’s- 
——., Manchester, may be valued at 18s. per dozen, 
while the weight of five such only equals one grain, or 
2400 springs to one ounce ; the cost at this rate amounts to 
1801. sterling per ounce, or 22801. sterling per pound, or 
take a larger view in the direction of weight, and you will 
find such to be worth 322,5601. per cwt., being at the rate 
of 6,451,2007. per ton. Why, gentlemen, in such a business 
a manufacturer might not require more than one cwt. of 
steel for a lifetime to secure a gross turn over of 322,5601. 
sterling. 

The Tigher class cylindrical springs as now exhibited 
reach the sum of 61. sterli r dozen, or equal to 12007. 

r ounce, thus giving 19, . for one pound of such manu- 

actured steel, being equal to 2,150,4001. ewt., or at 
the extraordinary value of 43,008,0001. sterling per ton, and 
making 86,016,000 separate re. Investigate the cost 
of steel watch mainsprings, that are worth wholesale 5s. 
per dozen, and each spring in weight being equal to 20 
grains, and you will find this gives a weight cost of 10s. 

ounce, or 81. por oil pound, being at the rate of 
Bost. per cwt., and 17,9201. per ton. 

Asa summary of the great difference in value of the 
same material, one ton of steel rails being worth 71., layi 
a single line of rail 13} yards, while the higher value of the 
manufactured cylindrical steel hair-springs for watches 
reaches the enormous sum of 43,008,000/. sterling per ton, 
and in length equal to 14,993} miles; two tons of such 
spring wire would be equal to 29, miles, and would 
make a band to go round the earth leaving a surplus of 
5000 miles to make a splice, while two tons of heavy stee 
rails would only lay 263 yards of single line rails, costing 
141. This great contrast is only one of the many illustra- 
tions that might be given to show the weight value of 
a comparative common material, when manufactured into 
articles of usefulness by the application of great skill and 
labour, and to some extent illustrates how the great mineral 
resources of Staffordshire ma; wisely and potesy 

his aes s ccsodalty w tee metal f th dis. 
this applies more ially e metallurgy of the dis- 
trict, and no doubt as much could be said comparatively 
on another of your great staple trades, the renowned pottery 
ware of this town and district. 

In the great improvement that has taken place to 
cheapen the manufacture of steel of a dependable character, 
by the introduction of the Bessemer and Martin-Siemens 
processes, our main lines railways can be better and 
more securely constructed ; this, with careful mya 
the track, should enable us to accomplish quicker trav 
with increased security, and take for granted we can now 
make a safe durable rairoad, with strong steel rails as 
heavy in section as replaced iron ones, placed upon such a 
line, a careful equipment of panes carriages, an 
average speed of 70 miles an hour _be easily accom- 
plished, and so reduce the time of travelling from London 
to Manchester to three hours, stopping twice on the way. 
Beglich Pa would require to be ee 

‘* Pullman’’ carriages, each iage being 
on two sets of four bogie vistels, toile’ Genmenetibé 
much better than the short four- 


1 | especially the great and undesirable weights of 1 


our express train system), is the fewness of buffers, or 
line of severance in = of the train. A train composed 
of three carriages would have only two coupling connexions 
and consequent buffer requirements, and one such attach- 
ment to the engine or tender. The present short carriages 
not only take curves comparatively badly, but in case of 
accidents are clever “‘ man-traps’’ to kill passengers, by 
breaking up at buffer or coupling connexions. Could ex- 
ental collisions be carried out, we might fairly caleu- 

te that destruction would follow closely some proportion 
to the number of buffer and coupling connexions of the 


A train composed on the short carriage system would 
require nine sets of buffers and coupling connexions in the 
length of the train to carry the same number of passengers, 

hence its probable breaking up power would be.as 9 is 
to 3. This numerous and unfortunate buffer and cons 
arrangement is not the only evil attached to the sho 
carriage system, but the line of buffers in themselves vary 
in their height from the rail frequently 5in. to 6 in., and 
not uncommonly when belonging to the same railway com- 
potion being attained the earring ‘ico on fast saaitaaiia 
action al , the rise on top of carriages, 
and disaster and destruction follow, which might, and 
can be, in a very measure prevented ; but something 
more than this is demanded in the best ins, 
even if a true straight line of buffer and coupling con- 
nexion were secured ; the resistance to-a eoncussive force 
is not through the centre line of gravity; and hence the 
tendency of carriage to be thrown upon carriage is in 
operation ; to obviate this and give much ter security, 
a third buffer is required, an — ucing a dummy 
line of buffers on the top of roof of passenger ae 
the tendency to smash up by collision would be materially 
reduced, presuming the two buffers as now constructed 
= — _— then the top 1 wowed buffer bed — 
into operation, each carriage s at three points, 
not coalesce without the distraction of the structure itself, 
and by ee ay Le a <A r pide} heme par] 
carriages themselves wo ma ys ened, 
be much less liable to break up in case of.an accident ; in 
conjenstae with this some provision would require to be 

le in the engine or tender couplings, and when the rail- 
be peer rp ay ~ poe ery oH great danger 
of irregularity of height of carriage ers in ger 
trains, such would not be allowed to exist for many 
months, or if they were it would be by running empty 
trains. If the members of the press, who travel uently 


d| by rail, examined for themselves the want of equality in 


height of carriage buffers, and the little or no resisti 

power they have to meet concussive force, and made 

universally known, they would soon put an end to such 
mechanical devices. A.better system to kill 


in case of collision could hardly be invente 
t han the i A i 4 


short passenger carriage with its pitnenaests 
irregular height of buffer from the rail and the correspond- 
ing number of coupling connexions. These two things have 
contributed to more railway porters, , and 
stokers than all the other things connected with the rail- 
way system. But it is wy hg to state that an element 
of security and economy been given to the railway 
world and the railway travelling public by the Midland 
Railway directors, who reduced the travelling classes to 
two, which no doubt has largely contributed to an increase 
of paying load in proportion to the dead weight of the train, 
and whatever may be said against this system by competing 
companies, the simplicity of the arrangements, the reduc- 
tion of dead weight to proportion to paying load, the getting 
rid entirely of one class, and the security of the long 
cee. a in the end force itself on the whole of the 
British railway system. 

Returning to the security and higher speed of railway 
trains, more tractive power in our locomotives would be re- 
quired, to secure which a more perfect mechanical balance of 

e moving parts, that are subject to high speed movements, 
would be indispensable, while the reduction of weight on a 
single pair of wheels should be at the same time adopted. 
The destruction of the main line of rails in all classes of 
trains arises mostly from the undue weight of engines and 

ir of drivi heels crf bone 
on one pair of passenger e driving w » which in 
some cases have been ado and are now in use. The 
only title that can be given to such a machine is that it is 
a permanent way destroyer, and a non-dividend paying 


apgucetes. 
bably the railway world’s attention only wants call. 
as eee as we do — ae to a more 
tractive and evaporative power in our locomotive engines 

the use of higher class material, such as now can be 
¢ ply got, combined with the best known methods of 
manufacture and workmanship. No doubt need be enter- 
tained that an increase in gorge oad security can be ob- 
tained more than equal to the requirements to regularly 
accomplish the journey from Manchester to London in three 
hours; such a desideratum would help in some degree to 
enable the British trader to maintain his own against the 
pressing competition of the world. 

Before leaving ‘this subject to secure higher railway 


speed, larger upon our carriages locomotive 
engine wheels may be required, say, in the 

from about 1 in. up to 1} in. be pen pees ts are not 
now found on our express line of , yet we have another 
source of danger that requires most careful consideration 


and attention, as in all cases where a back shunt crosses 
the main line of rails at the t of intersection e 
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ing point, preparing by ¢ the difference of level at the top of | names of Brindley, Smeaton, Watt, Murdock, the Ste- 
the rails conditions that under some con‘ cies are well ae ee ee, at forgetting in this land, 
calculated to throw a fast train off the line ; but this Dudley and Cort, the latter, who contributed so much 
nk ieeiitieen teal tealenehatany canton to the im of the metall processes of this 

country, yet died so very poor, and unfortunately, ~ ee 

Then, gentlemen, is it not true that we are mightily in- memory has been much neglected by his brethren ? 

@ebted for the the wealth conveniences, and comforts of the The elder members of this Institute have lived 
present to the skill and good by through this great, mighty, and ire it = 
and men of science of as to hold in reverence which is now im some measure being supplanted b: 
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to their neighbours, so that the 
country may continue to ad- 
all the hostile tariffs and compe- 
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THE COST OF DRIVING PILES.—No. L 

M. E. HacquarD, engineer-in-chief to the city of 
Dresden, has contributed to the recently published 
Annuaire of the Société des Anciens Eléves des 
Ecoles Nationales d’Arts et Métiers, a valuable 
article on the driving of piles by different means, 
including an investigation of the cost and respec- 
tive advantages of these several methods. We pro- 
pose to embody most of this very valuable informa- 


tion in the present articles, The several types of | 





. 6+ 4H 


‘La? te 2 9 : 


a t+ dt 


ah an aha 6 
4 





tt t+ $4+-¢t4-be 
tf ; 
tttottt ttt 


a 


The apparatus about to be described consists of 
a, the motor; 4, the distributor of the motive power; 
and ¢, em oad engines themselves. The relative 
positions of these several parts are varied according 
to convenience, and the nature of the work to be 
done ; as they are all independent and disconnected, 
they can be installed where the greatest facilities 
exist. Fig. 1 shows a general arrangement for three 
pile drivers, all worked from the same engine, this 
arrangement having been that employed on the 
Dresden bridge. Figs. 2 and 3 show the apparatus 


Fig.1. 
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piling engines considered by M. uard are those 
worked by hand, steam pile » Soda and the American 
gunpowder pile driver. The special class of ma- 
chine worked by steam power is illustrated by Figs. 
1 to 6, and differs from an ordi piling engine 
in this respect, that whereas the latter is generally 
driven by an independent motor, the type illustrated 
8 arranged,in groups, driven all from the same 
enginé, an arrangement found to have special ad- 
vantages in driving the piles for the foundations of 
the new bridge at Dresden, from which work M. 
Hacquard derived most of his experience. 











These pulleys are loose on the shaft, but they are 
controlled by the sliding clutches o 00, worked from 
both sides of the frame by levers in such a manner 
that each one of the pulleys can be thrown in or 
out of gear without interfering with the others, To 
the rear of the frame are attached six timbers /, on 
which rails are‘ laid, carrying two or three small 
carriages m, in the middle of which are mounted 
three double-grooved loose pulleys p', similar to 
those already referred to, and around which the 
transmission ropes pass. These carriages have a 
constant tendency to move in a direction the re- 
verse of the ropes by means of chains attached to 
them and passing over the small rollers #, and on 
which rest by means of levers three counterweights., 
By this arrangement the tension on the ropes.can 
be adjusted for any changes in their length, for re- 
gulating the depth to which the piles are to be 
driven. The ropes being double between the pulleys 
pand p', and then single to the piling engine, it 
follows that the latter can, in the direction of the 
axis of the distributor, when working, move twice 
the travel of the carriages, a travel which is only 
limited by the length of the rails and that of the 
ropes. Any increase or reduction of distance be- 
ween the piling engine and the motor, can there- 
fore, within these limits, be at once effected with- 
out stopping the working of the apparatus. On 
account of shifting the piling engines, the drivin 

ropes would not be preserved in a position no 

to the driving shaft, if guiding pulleys were not in- 
troduced. ‘These are ae senna each of two guiding 
wheels r, between which the cables pass. They are 
mounted in pairs on three iron frames turning on a 
centre, and free to oscillate in a vertical plane, per- 
— to the axis of the apparatus. These 
rames are moved and kept in position by the screw 
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for distributing the power from the motor, which is | 5, By means of these arrangements the ropes can 


most usually a portable engine. Power is trans- 
mitted from the distributor in such a way that, 
when one pile driver is at work, any of the others 
may be stopped, or their position shifted without in 
any way interfering with the one in on. 

e distributor consists of a timber frame, on 
which is mounted the main shaft a, furnished at 
the ends with the pulleys J, driven by belts from 
the engine. On the same shaft are also mounted 
three pee with double grooves, round which 
pass the transmission ropes to the piling engines. 





always be kept normal to the driving pulleys; the 
guiding wheels will also remain normal to the ropes, 
whatever is the inclination of these latter... - : 

Fig. 4 shows the construction of the piling engine. 
A cylindrical guide « replaces the ordinary slides for 
the falling weight, and this, besides being a very 
simple arrangement, renders it possible to drive 
below the level on which the apparatus is placed. 
Figs. 5 and 6 represent the lifting gear of the falling 
weight. It hasa wooden frame carrying a double 
system of gearing, transmitting the power in the 
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ratio of 1 to9. On the driving shaft v, squared at 
the ends to receive two hand levers, is keyed the 
grooved pulley p*, round which passes the driving 
rope. Additional bearings are provided’so that the 
oulley * can be shifted to p/, p’'', p''’, the driving 
shaft then occupying respectively v, v!, v?; this 
range provides for change between the piling 
engine and the motor. The pinion / gears into the 
wheel 7, keyed on an intermediate shaft, carrying 
a second pinion q; this drives a second wheel x 
mounted on the F shaft receiving the rope for 
raising the driving weight. As will be noticed, the 
drum is loose on the shaft, and has attached to it a 
disc f of wood, which can be thrown in contact 
with the side of the wheel w in order to drive the 
drum by friction. The shaft 4 is free to move in 
the direction of its length by means of the screw i 
worked by the lever e. he screw is held in a 
bracket g attached to the side of the frame. A 

imilar screw bears against the sleeve of the drum. 
In order to raise the weight it is necessary to move 
the lever ¢ ; a quarter of a turn is sufficient to throw 
the side of the spur wheel into contact with the 
disc on the drum, and give motion to the latter. 
On the other hand, by giving the screw i a quarter 
of a turn the drum e Scenes loose on its axis, and 
the weight immediately falls. In order to facilitate 
moving the piling engines, each of these latter are 
mounted on four rollers, which are carried on screw 
spindles, and can be raised so as to place the appa- 
ratus on the ground, being on its lower timbers, or 
lowered so as to lift it entirely upon the rollers. The 
time required for shifting the apparatus does not ex- 
ceed that occupied in getting a pile into position for 
driving. The weight of the drop in each case was 
1100 lb, A mean fall of 100 in. was found the most 
efficient. The speed of lift of the weight was 
82 ft, per minute, so that the work done in raising 
the drop was 2.7 horse power, or for the three piling 
engines 8.1 horse power. The work of driving the 
_ for the three caissons of the first pier for the 

resden bridge was commenced on the 27th of Au- 
gust, and completed the 2nd of September, 1875, 


after 66 hours actual work, including establishment P 


of plant, mooring pontoons, laying out, levelling, 














&c, The work may be divided as follows : 

Taste No. I.—Particulars of Piles Driven. 
ae = .| $s. | den 
B.| | a |288 PES 

) - Bs | 865 | a85 
Ee BE a SR | 228 | 2a5 
wn 4 | geo | eB 
| in. | ft. in.| ft. im.| ft. im. 
70/1181} 29 6/592 0] . 447.6 | 
21; 9.84; 29 6 89 6 ene 47.0 
15 | 7.87; 23 0; 59 0] 740 6 19.0 513.6 











The cost of hand labour is shown in the following 
Table : 
TaBLe No. I1.—Cost of Labour in Driving Piles. 

















| | 
Hours of Price per 
Class of Labour. Labour. | Hour. Total. 
. d, £ s.d. 
1 general forema 66 5 7 = 
lsailor ... eve as 66 4.37 140 
1 engine driver ... a 66 4.37 140 
1 workman for distributor 66 4.37 140 
3 »» at piling engines...| 198 3.75 |3 3 4 
» for bringing ma- 

terials, placing piles, &. 264 3.12 3 510 
Total 726 11 8 8 








~The interest on capital, depreciation of plant, 
&o., is estimated at 4/, 10s. The cost for 10 hours of 
fuel, oil, &c., was .175/., and for the whole operation 
66 1.157. ‘The total cost of driving the 106 
piles, not including general expenses or profit was, 
say, 11.5/.4+4.5+1.15=17.15/. From vhis result the 
following Table may be compiled. 
Taste No. IIl.—Analyses of Cost, &c. 
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The ground into which the piles were driven 
consists of compact gravel with large stones on and 
near the surface. About 40 in. below the same gravel 
contains large blocks of basalt and porphyry. It 
was found during the subsequent operation of sink- 
ing the caisson that the piles were driyen down to 
a compact soil, ‘i rwen | the ancient river bed. 
The piles were all shod with wrought iron, formed 
with four branches uniting in a point. The mean 
weight of the shoes was 25 lb. In driving, few 
of the shoes became detached, and none of the 
piles were broken, 

The Construction of Quay Walis.—In constructing 
the river walls of the Elbe at Dresden-Altsdat, the 
engineers employed a method similar to that just 
described, with the following results. The work con- 
sisted of sheet piling, laid out in straight lines, 
joined by curved lengths. It included 459 piles from 
16 ft, 6in. to 20 ft. long, and 7}in. by 7}in., and 
1631 piles, averaging 16 ft. 6in. long, and 2.75 in. 
by 9.85 in. in cross section. All these piles were 
shod with iron. The depth to which main piles 
were driven into the ground varied from 5 ft. to 
7 ft., and the depth of the sheeting piles was 47.25 in. 
Altogether 2690 cubic feet were driven into the 
ground, which was of the same character as that 
encountered in forming the foundation of the Dres- 
den bridge. The work carried on by a force similar 
to that described, occupied 32 days of 10 hours, or 
320 hours for 11 men. The result in cubic feet per 
hour on this work as compared with that for the 
bridge, will give an idea of the actual cost. 


Bridge.—W ork per hour ei =7.78 cubic feet 


per hour. 
Sheet Piling for Quay Walis—Work per hour 


9690 8.40 cubic feet per hour, For the latter work 





320 

the weight of the drops employed was 900 lb., and 
the average fall was 10ft. The number of blows 
struck amounted in round numbers to 120,000. 
The speed at which the drop was lifted was 65.5 ft. 
er minute, and the work done by each piling engine 
is thus 1.78 horse power, or for the: three engines 
5 34{horse power. The portable engine employed 
had a cylinder 10.24 in. in diameter, 15.75 in. stroke, 
a fixed cut-off at one-third, and 451b. of steam in 
the boiler. 

Further on will be published the cost of driving 
the piles in the bridges at Mauthausen, Aussig, an 
Tetschen, and for the temporary bridge at Steyerreg. 
In the piling engine chiefly employed on these four 
works the drops moved in slides, and were released in 
the ordinary way. They were driven bya special port- 
able engine, driving direct ona drum bya belt. The 
clutch for throwing it in and out of gear was worked 
by a forked lever, the motion of which was also uti- 
lised for putting on a releasing brake on the pulley 
curb in use with the drum, This brake was em- 
ployed to prevent the chain from running too slack 
during the fall of the drop, and so incurring a loss 
of time in winding it. The trial of an English 
pile driver, driven by an engine direct, was not 
attended on these works with good results. It was 
not sufficiently steady, and involved the necessity of 
very frequent repairs. 

(To be continued.) 








HIRN’S THERMODYNAMICS.—No. V. 
Ill. Degree of Homogeneity of R in Gases.—The 





equation, 
P= (Po+Ro) vo T_ R, ( Vo ie 
Te uv v 


only contains two terms R, and v, or J whose 
numerical values are not known. 
For vapours and gases, we may put 
v=V— VV. 

The value of v is, we shall see between .001 V, 
and .0005 V,. A more precise determination of ~) 
only becomes necessary when by a lowering of tem- 
—— or a considerable pressure the volume V 
ecomes relatively small. 
Suppose P to be known for two particular volumes 
so that we have 

P, for Vo— \ or V 

Pi for Vi— Ye Vv; 
The equation, 


“se Vo mei Yo l+a 
P.= (Pot Be) 3 a Be (72) 


takes the form 
T _p ] 
T, 1 I+ 


(@)it#a2 Te, (* 
VU Ro . Vi 


wT 
¥» To 





taking the logarithms and the already given value 
of 1+<a, and substituting V for v, 


[+9 (F)- 


PO Mejy het Y\T_p i | 
we [Dat et PGi an? 

This equation can only be resolved with regard 
to R, by the tentative method, but when reduced 
to numbers the value of Ry is very easy to obtain. 

M. Regnault has given a table indicating the in- 
crease of pressure of carbonic acid gas for deter- 
minate diminution of volume at constant tempera- 
ture. 

The relative maximum volume of this table 
or 1914.9 corrresponds to the minimum pressure 
0.77403 m. of mercury. The minimum volume 
260.88 corresponds to the pressure 5.40966 m. 
The temperature is not stated, but is probably be- 
tween 9 deg. and 11 deg. C., that of the other gases 
tested. In taking as unity 0.77403m., making y= 
0, and remembering that 

K=0.16463 E=425 §=1.977414 at 0 deg. and .76m. 
we obtain 

1+a 
7.0406315=(1+R,) 7.3401564 - R, 7.3401564 
an 
1+ =14+-—_ (1+ Re) 13596 0.76 
0.16463 x 425 x 272.85 x 1.977414 
=1+0.2737036 (1+ Ry) 
Reducing and taking the logarithms we have by 
teen sl +1) =0.2360467 (1+R) 
which gives as the approximate internal pressure of 
carbonic acid at 0.77403 and 282.85 deg. (?) 
Ry=.052575 x 0.774038=0.0407m.—553.28 kilo, 





and 
1+a=1.2881 
Hence 
1914.9 


1914.9) 1-288! 
P=(0.77403-+-0.0407)—>— —0.0407( v) 


in substituting M. Regnault’s relative volumes and 
pressures, 

If for V we write 511.16 the number most re- 
moved in the Tables from 1915 and 260.88, we 
find P=2.829lm. by calculation, whilst M. Reg- 
nault’s experiments give 2.8469, the ratio of the 
difference to the experimental result being 0.006. 

The law of Mariotte gives P=2.9m., the ratio of 


d | difference being 0.03 in the opposite direction. The 


same method of comparison with M. Regnault’s expe- 
riments on sulphuric acid gives, in comparing ex- 
treme values P=0.81786 by calculation, and P= 
0.81823 by experiment. Another experiment on 
the same substance gives P=1.14453, while calcu- 
lation makes P = 1.14438. 

With cyanogen experiment gives P=0.94263 and 
calculation P=0.9274. 

IV. Degree of Homogeneity of R in saturated Va- 
pours, superheated. 


Let us apply equation nee to water. At 
100 deg. the volume of saturated vapour (at one at- 


mosphere) is according to the fundamental equation, 
— Er 
V=ur+ td +w 
aT 
; =1.655389m. 
We shall presently see that for water 
Y 


=0.000097m. 
Hence 
Vo==1.655389—0.00097—=1 .654419m. 
At 200 deg., and consequently at 15.38021 atmo- 
spheres, the same equation gives us 
260854 


From M. Hirn’s experiments the ‘volume of water at 


200 deg. is 
w,==0.001154m. 


Hence 
uv, =0.1260854-+0.001154 — 0.00097 =0,1262694. 
In putting these different values in the equation 
1+(P.+ Re) vo 
Tt - KT.E 
— ° ' on 
P=(P+R) 7 -R(~) 
in which K=-4, and then taking the logarithms 


0.0743952 
0.198338-+-0.3015272 R.=log ( 1 





4 The value of R, is approximately calculated as 





R.=0.1061 atm. 
and 1.2983 
p—(1-1061x1.654419) T _ 9 1061 (—_) 
372.85 u v 
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By means of this equation M. Hirn has compared 
his experiments on the density of steam at various 
temperatures and pressures. The following are 
some results : 


At 198 deg. experiment 36.40 calculation 36.929 
64. 64.872 


9 ” 60 29 le 
At 248 deg. ” 23.40 99 24.975 
” 45.30 ” 46.429 


33 


” ” 92.60 ” 93.238 
We now pass to methods for the determination 
of R, which are special to vapours. 


In the first place the equation (2 =o ) is sus- 
ceptible of a control which, though based on a 
culation, is important in that it depends on the 


results given by one of the fundamental equations of 
thermodynamics, viz., 


APu=Pr:T@P, 
aT 


In fact, if (2 =o) is correct, the values of uv 


obtained by adding 


(w—.)) to w where u = Er 


paP 





and introduced with the corresponding values of 
T into ( = ) should give values very approxi- 


mately accordant with those of the tables of M. 
Regnault. 

Take as an example, at 160 deg. or T=432.85 we 
have 


1=493.56 cal. at. =1610.514 kilog., 


and consequently 
425 x 493.56 
wT 7) weenie 
For water at 160 deg. 
w=0.0011016, 
whence 
d u=0.3009033 x 0.0011016 — 0.00097 = 0.301035 
an 


432.85 1 1.2982 
P=0.004908013 - — 0.20398 ¢ ——__ 
0.301035 : ( comines) 





or 
P=7.0571 — 0.9694—=6.0877 atm. 
The value of P corresponding to 160 deg. is ac- 
cording to M, Regnault 
Ai m= 6.1192 atm., 
which is correct within .4 per cent. At 40 deg. P 
by calculation is 0.07368 atm.; according to M. 
Regnault’s results 0.07225 atm. For sulphate of 
carbon at 0 deg. C. calculation gives P=1734 kilog., 
M. Regnault found 1739 kilog. For the vapour of 
the bichloride of carbon P as calculated 1261.11 kilog. 
and from experiment 1237.1 kilog. The following 
is _— means of control. 
n 
_ .. Q=Ki+AH+AF, 
when a liquid is considered at constant. pressure, 
which is raised from zero to ¢ and evaporated, Q is 
\ the total heat of evaporation. Also for a liquid 
evaporated at two different pressures, 
vm 2 = KAT +A [(P+R) du+(P+B) dw+ud P). 
This equation is derived from the preceding one by 
considering (¢,— ¢,) infinitely onal whence 
Ad F=A (Pd V+(V—vw,) d P] 
also H,—H), infinitely small, whence dH = Rd, 
substituting since y= V—.J, d V for d vy, and also con- 
sidering since the limits of the experiments are small 
_ V—wo=V-w=u and d V=du+dw. 

Again, as R does not co nd to the mean 
pressure between 0 deg. and ¢, but to that between ¢ 
and ¢+d ¢, this term is very small relatively to P, and 
(P+R) dw is very small in comparison of (P+R) 
du, whence 

d)\=K d T+A [(P+R) du]+AudP, 
whence dividing by d nf and os” 
Au=r: ree therefore Au 2P=* : 
at dt 
then 
Tr 
T 

This is approximately the sum of the external 
and internal pressures of a saturated vapour. 

Taking the empirical formula 


AP u=B log. () 
n 


ap dw 
E(G y-K— £) : SS=P+R (oy. 


in which 
u=100 and B—30.4, 
and 
dP 
Awvu=r:T-—= 
. u=r:T a 
r 2 T 
u( Fn) (®) 
dt 





Differentrating 
A (ud P+Pdu)=B at, 


whence since 
adP_r 


“at T 
du_du_(B_+)\E 
aT dt \T T )e y 
Substituting this value in equation (~)* we obtain 
€dnA_e ft 
Z z yr P. 
— =—P+R 
But for water 
A—606.5 + 0.305 ¢, 
whence 
44 =0.805, also K=0.4, 
therefore 


(0.095 T+r) P_piR and RB — 0.095 T+B) P 
 -—B ~  #=B Ai a 
Comparing the values of R given by this semi- 


empirical formula with those given by (r = “) 
we have, 
At100deg. R= 0.13 and 0.1061 
% ” = 0.9464 ,, 0.9694 
= 2.6676 ,, 2.996 


As might be expected, the agreement between 
the two modes of calculation, although satisfactory 
enough, is much less close than the comparison of 


the values from (2 = w) for P with those given 


in the Table of M. Regnault. 

V. Laws of the Expansion of Gases and superheated 
Vapours derived from the Equation (F = 
The determination and examination of the laws 


of the expansion of gases and vapours will furnish 
us with another means of controlling the validity 


of the universal equation (F =u) from which 


these laws will be easily derived. 

The same problems may be considered with re- 
gard to gases and superheated vapours, as have been 
determined with regard to perfect gases. 

The problems to consider are : 

a. Heating and cooling without change of volume. 

b. Heating and cooling at constant pressure with 

change of volume. 

c. Change of volume with external work without 

gain or loss of heat. 

d. Change of volume without external work, 

e. Change of volume with external work, and 

with gain or loss of heat, 

a is determined if R is homogeneous ; in this case 
as the volume does not change there cannot be in- 
ternal work, and hence K=e,, 

a and b, which bear upon the constancy or varia- 
tion of cp, will be specially treated: e, which can- 
not be experimentally tested, will not be consi- 
dered ; c and d are ——e of control experi- 
mentally, as consequently R. d refers to gases and 
vapours passing from a reservoir at a higher 
constant pressure to one at a lower. 

Let us consider this problem (¢) with reference to 
steam ; approximately, 

(Po + Re) vo 


ieee (>). lte=lt+ EET. 
The internal work in a gas or vapour which changes 


in volume is therefore 
P, a $ 
(:-@)*) 


R, T. KE 
H="P.+5. 
If R, were perfectly homogeneous, we shall have 
E K @=H, 
R. To 


pre L1-(z)” J- 


Steam in falling (without performing external work) 
from 200 deg. at 15.38 atmospheres to 1 atmosphere 
loses 42 deg. of temperature, hence 
R,=2.9023 atm. 
At 100 deg. and 1 atmosphere the volume is 1.654, 
and at 200 deg. we have 
u=0.1267. 
Hence R at 100 deg. and 1 atmosphere is 
0.1267 \ "294 
R=2.90234 7 ¢54- =0.103, atm. 

a value equivalent to what has already been ob- 
tained in another way. 

Calculating from the expe 








whence 


riments of Joule on 


carbonic acid, R=0.03 atmosphere, a value much 
below that deduced from the experiments of Reg- 


nault, 0.05 atmosphere. This anomaly will have 
to be considered later, 
Let us now consider Problem (c), Here 


_ EK@=H+F, 
oa this equation only applies to the point of satu- 
ration. 

The differential of the work is 


ad H+a PnEet Bo) ts Lav 
e uv 


and 


dH+dF=+E Kd @=—EKdT 
then equating and 8 erba " 


E K log. (2°) aOPet BeWoigg. (v 
(PP (2) 
Let us apply this equation to steam. At 100 deg. 


and 1] atm. 
(P.+R-)=1.1061 atm. x 10883-11429 kg. 





Ue ==1.65442 T=372.85 K=0.4 
hence 
4250.4 log. = 718 log. ( v 
" ( py J=-718 log. ( casas 
or 





log. (372-85 ) —o o9gsi2 log. ( —Y ) 
-( T 02088 °8: | Te5aaa 


This equation gives us immediately the volume 
that the steam should have that in expanding 
without addition of heat from the given temperature 
T to 372.85 falls to the point of saturation corre- 
sponding to atmospheric pressure, Suppose T= 
512.85, then v=0.56822 me. 

The pressure of this vapour is given by the equa- 


tion (<= o) adapted to steam, in substituting 


these values of Tand ¥. Hence 
P=4.01 atm. 

In one of a series of experiments made by M. 
Hirn and M. Cazin, in which P, was 4.44 atm., it 
was necessary to heat to 256 deg. that the vapour 
should attain precisely the point of saturation 
(100 deg.) by expansion. For this experiment 

528.85 _ 1.65442 
log. (Gs) 0.298812 log. ( : ) 
whence 
u=0.51261 me., 


and consequently 
528.85 an 0 20398 1 1,963 
0.51261 0.51261 


P =0.004908013 x 
or 





=4.578 atm. ; 
M. Cazin has made experiments on carbonic acid, 
from which M. Hirn deduces that R is approxi- 
mately homogeneous for this gas, The equation 


a= e) cannot be established by these experi- 


ments as R always has different values in the same 
equation. 
. Réntgen has made experiments on the value 


% for carbonic acid. He obtained at 19.27 deg. 


Co 
and 0.7474 atm, a mean value of 1.3052. 

If molecular attraction is absolutely nil in a gas 
which expands from p, to p, without gain or loss of 
heat, and which returns from its temperature of ex- 
pansion T, to its original temperature T, we have 

log. po—log-P, cp _ — 1+ P. Ve 

log. po-log. ps Cy ty ET, 

being the final hose of the gas returned from 

ie to T, without change of volume, But the above 
supposition is not true for any gas, and is not even 
approximately so for carbonic acid. Hence in reality 
we must 
log. (Po-+Re)—log. (Py+R,)_ cp — 4 *. (P.+B.) Ve 
log: (Po+-R-) — log. ony Cy T. EK 


in which R has two different values, 

We may cp parece d put R,=R, M. Hirn has 
not succeded in calculating R, from the data in the 
author’s paper, 

R=0.115 atmosphere if 1.3052 is equated to 
1 + (P.+-Ke) Uo 
KT.E ’ 
a value evidently too great, and incorrect, 











THE PENNSYLVANIA RAILROAD. 

No. XXI.—Tue Atroona SHoPs — (continued). 

11. The Pattern Shop.—The pattern shop, the posi- 
tion of which is shown on the general plan, 322 
ante, is 100 ft. long and 50 ft, wide, It is furnished 
with benches for eighteen workmen, and is — 
with the following tools: four wood-working lathes, 
two circular saws, one scroll saw, and a large planing 
machine. All orders sent to the foundry are fur- 





nished in duplicate to the foreman of thisshop, who 
collects the proper patterns from the pettern hous, 
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+ 
and sees that they are in good condition before being 
sent on to the foundry. Before it leaves the shop a 
printed card is placed on each pattern on which is 
written the number of the pattern, the number of 
castings to be made from it, the date of issue, and 
the destination of the castings. The moulder is re- 
quired to place his name upon the card when the 
castings are made, and the pattern is then returned 
to store. The complete record of all castings 
thus obtained is frequently valuable for reference. 
The pattern house is a large isolated building acces- 
sible by a bridge, and containing a large rack 
reaching from floor to ceiling, and having a clear 

ge way all round it. ‘The patterns are ranged 
in careful order on the various shelves of this rack. 
The latter is divided into sections and the shelves on 
each section are lettered, so that the exact position 
of wd pattern is at once ascertained by reference 
to the catalogue belonging to the house. The 
patterns are classified, as far as ible: thus all 
steam chests are placed in one section and numbered 
consecutively ; all crossheads are grouped and ar- 
ranged in another section, and so on. Core boxes 
are ranged in shelves along one side of the house, 
and lettered to correspond with the patterns to 
which they belong. A complete index to this house 
is printed, and copies are furnished to the shops 
and offices of the railroad company, so that orders 
from any part of the line sent to Altoona can be at 
once executed and despatched. 

12. The Paint Shop.—'The paint shop is a wooden 
building one story high, 345 ft. long, and 32 ft. 
wide ; it is situated on the southern boundary of the 
shop yard. Two lines of rails traverse it from end 
to end, and engines, &c., brought in for painting, 
enter at the eastern door, and are gradually advanced 
as the work progresses, until they are complete and 
leave by the western exit. 

All the engines are painted a very dark green 
scarcely distinguishable from black, which colour 
indeed would be employed but that the former is 
more durable. No decoration is admitted upon the 
engines, except that in the case of freight locomo- 
tives the dark tint is relieved by lines of yellow, and 
ener engines are similarly treated with gilt 

ines, All numbering and lettering is uniform 

throughout the whole system. The stock of paints, 
varnishes, and similar stores is kept in a separate 
building, and mixing the coloursis performed entirely 
by one person ; the preservation of a standard tint 
being secured by this means, All pots, brushes, &c., 
are kept in the paint room under charge of one man, 
and they are delivered as needed to the workmen, 
who are responsible for their return in good order. 

13. The Oii House.—About the middle of the 
western side of the shop is situated the oil house, a 
two story fireproof building with a basement, where 
the oils are mixed and supplied to the various shops 
of the company, and where the drivers of all engines 
passing through Altoona receive their‘daily supplies 
of waste, tallow, oils, &c. Before being brought 
into this building, however, the oils and tallow are 
stored as they are delivered in barrels in a large 
brick shed, about 30 ft. away from the oil house. 
In the basement of the latter structure are placed 
along the walls several tanks for receiving the oils 
from the store ; a pipe leads from the latter to the 
house, having branches directed to each tank, so 
that the barrels are simply emptied into a receiver 
in the storehouse, and any of the different tanks 
are filled at pleasure. On the first floor is a second 
series of tanks from which the oils are put in barrels 
for transport, or served out for daily use. A system 
of pipes connects this upper with the lower system 
of tanks, so that oil from any one of them may be 
pumped into the others, and any desired mixture 
easily made, A steam pump is placed on the first 
floor for raising and distributing the oils. The 
second story of the building is used for storing 
cotton waste, which is weighed out for the use of 
the engine-men, or to be sent to the various shops. 
The pump is driven by an engine and boiler placed 
outside the building, and steam from the boiler is 
oye to warm the building in winter. No 
lights are allowed in the oil house, which is illumi- 
nated by gas burning outside the house and oppo- 
site windows provided for the purpose. 

The nature of the oils employed varies with the 
season of the year; thus passenger engines are 
lubricated from June to September, both inclusive, 
with pure lard oil, and during the remainder of the 
year with a mixture of two parts of lard oil to one 
of . Freight engines are supplied always 
with a lubricant composed of equal parts of lard 
oil and paraffin. In the locomotive head-lamps 
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aay paraffin of 150 xy 
he oil burnt in signal lamps of all kinds, as well | coming into the shops. Upon a pas on one 
as yard hand-lamps, is a mixture of extra pure lard | side of the table is placed a pair of engines with 





oil and refined petroleum in the proportion of two | 5 in. cylinders and 8 in, stroke, provided with link 
to one > “Pome The following are the prices | motion for reversing, and a vertical boiler 324 in. in 
8: 










paid for o diameter, 4 ft. 9in. high, and with 95 tubes 1}in. 
Extra lard oil ... ‘ie «» 95 cents per gal. in diameter. The steam is superheated by passing 
ak ws ya die la os through a coil of pipes placed in the bottom of the 
Paraffin oil ove soe . 24 ” smoke stack, on its way to the ‘engine. On the 
Refined petroleum .. .. 14 ”» main shaft of the latter, which extends the whole 







In mixing the oils, the proper number of barrels are | length of the table, are two 7in. diameter pinions, 
emptied in a tank and are then thoroughly agitated | gearing into spur wheels 36}in. in diameter keyed 
till a thorough combination has been effected. | upon the axles of the wheels supporting the table. 

14. The Steam Transfer Table.—We shall hereafter | At one end of the table is placed a winding drum, 
publish detailed drawings of a very similar, but | the shaft of which extends under the engine shaft, 
somewhat improved table recently built for the | and upon itis a wormwheel driven by a worm on the 
Meadows shops; a very short description of this | engine shaft, and connected with a clutch for throw- 
will therefore suffice. "The pit in which the table | ing the drum in and out of gear. The latter is fur- 
runs is shown on the plan, between the erecting | nished with a chain by which locomotives may be 
and the boiler and smiths’ shops ; it is 306 ft. 4 in. | drawn out of the shop upon the table, or by means 
long, and 30 ft. wide. This latter dimension of | of a pully anchored ahead of the engine it can be 
course represents the length of the table. The | drawn into the shop. 
table is mounted on four pairs of 33 in. wheels, run- 15. The Gas Pumps.—The cars upon the Pennsyl- 
ning on two lines of rails laid with a gauge of 5 ft. | vania Railroad are fighted with ge which is stored 
ligin. The length and width of the table is suf- | upon the vehicles in reservoirs. In a separate build- 
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Fig.23 


ing containing pumps and engine and boiler, the | 


gas is compressed in these reservoirs to the desired 
pressure. There are two pumps with 23 in. cy- 
linder and 1§ in. stroke, driven at a speed of 150 
strokes per minute. The engine is horizontal with 
two cylinders 7 in, in diameter and 10 in. stroke, 
driven at a speed of 150 revolutions per minute. 
‘The steam is supplied from a vertical boiler 6 ft. 1 in. 
high, 2 ft. 5} in. in diameter, and containing 120 
tubes 1§ in. in diameter outside, and 3 ft. 54 in. 
long. Arrangements are made for the reception of 
seventeen tanks, each ]2 in, in diameter and 9 ft. 
ll}in. long, with a cubic capacity of 12,995 in. 
The ends of these tanks are concave, and the seams 
are double-rivetted. The gas, which is taken from the 
city main, is compressed to 300 lb. per square inch 
inthem. From the tanks the gas is led off in heavy 
lap- welded iron pipes with rivetted joints to a point 
alongside the rails, where the trains can stop to 
receiye their supply. At intervals corresponding to 
-the length of a car, branches areled off from thispipe, 
and extra strong hose is attached with connexions 
at the other end for coupling up to the reservoirs 
under the cars. We shall at a future time more 
fully describe this arrangement, but we may mention 
here, that a reducing valve is placed between the 
reservoir and the service pipe in the car, so that gas 
is delivered at the burners with a uniform pressure. 
The detailed arrangement of a gas-house of this kind 
is shown in the drawings (19 to 22). Figs. 19 and 
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21 are a section and plan through the gas-house, 
showing the disposition of receivers, engines, pipes, 
&e. There are in this house 23 receivers 30 in. in 
diameter, and of varying heights, besides the smaller 
chamber 22 in. in diameter and 70 in. high, into 
which the compressed gas is delivered from the 
pumps. The details of the engine are shown in Figs. 
23 to 28, from which it will be seen to have a 
cylinder 7} in. in diameter and 20 in. stroke, 
placed vertically between two triangular frames. 
The guide bars are circular 2} in. in diameter, 
bolted at the upper end to a cross frame, and 
resting at the bottom in recesses in the cylinder 
cover. There are two flywheels 5 ft. in diameter, 
and the two pumps are worked by cranks placed 
outside them on the end of the shaft, Tho pum 
are 24 in. in diameter and 20 in. stroke; the 

ition they occupy outside the frames is shown 
in the drawings. The crosshead attached to 
the pump spindle moves in guides bolted to the 
ends of brackets placed on the main frames. 

By referring to the plan, Fig. 21, the arrange- 
ment of mains for receiving and delivering the gas 
will be understood. It enters a meter placed at one 
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Fig.24., 











side of the house, and passes from this direct to the 
nearest pump. Before reaching the valve, how- 
ever, a branch pipe is introduced leading the gas 
round to the other pump. Figs. 25, 26, and 29 
show the arrangement of pipes and valves, The 
gas flowing through the receiving pipe (Fig. 29) 
passes the valve at the bottom of the pump, and is 
then forced through the other valve in the same 
casting (Fig. 25), and so through the discharge pipe 
to the smaller reservoir. From this a system of 
pipes is laid communicating with all the receivers, 
so that any combination of them can be charged at 
will. The mains leading from the cylinder to the 
valves alongside the track are not shown in the 
drawing. The gas is compressed to about 300 1b. 
per square inch. 

16. Round House No. 1.—This house is placed at 
the extreme east end of the shops, and is employed 
only for the engines of the Middle (Harrisburg and 
Altoona) Division. It contains thirty radiating 
tracks, converging to a 50 ft, turntable in the 
middle, As is usual there is an open central space in 
the house, which is roofed over only for a part of its 
diameter. The doors in the inner wall contain glazed 
panels for lighting the house. As soon as they are 
received into the house, the engines are thoroughly 
inspected, and any slight repairs required are im~ 
mediately attended to, At two points, on opposite 
sides of the house, are placed low platforms, on which 
stand hydraulic jacks, and other heavy tools re- 
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uired for the regular work of the house, and on 
the walls are panels with hooks and_ brackets carry- 
ing wrenches, pipe tongs, and other small tools for 
aes light repairs. Small duplicate parts are 

ept in store here, so that any pieces damaged may 
be replaced without stopping the engine from its 
regular work, As soon as an engine comes into the 
house it is taken in charge by a man, who draws the 
fire, or if the engine isto go out again shortly clears 
the grate, and keeps the fire well in hand, Itis 
a common practice to keep the fire in from week to 
week, and very often engines are in steam for two 
weeks consecutively. A force of cleaners is always 
on hand to wipe down every engine thoroughly as 
soon it comes into the house. 

17. Round House No. 2.—This house, which is 
placed almost in the centre of the yard, has twenty- 
six radiating tracks. It is used for engines brought 
from the machine shop, while they are being tested, 
and also for doing slight repairs, such as shift- 
ing tender wheels, setting up tender and truck 
frames, &c, 

18. Round House No. 3.—This is placed at the 
western end of the yard, and is devoted to the en- 
gines of the Pittsburgh (Altoona and Pittsburgh) Di- 
vision, It contains forty-four tracks, with a central 
turn-table, and the space between the latter and the 
inner wall of the house is wide enough for an engine 
and tender to stand on, ‘The arrangements are in 
all respects similar to those in house No, 1. 

19. The Telegraph Shops.—All the telegraph instru- 
ments used in the railroad offices, as well as in the 
signal towers along the line, are made at Altoona, 
and all instruments are also sent there for repair. 
The workshop for this purpose is placed over the 
erecting shop, and contains every appliance for 
producing all the small and delicate parts required. 








THE FORCE OF GRAVITY. 
To THE Epitor oF ENGINEERING. 

Srr,—Since the letter of your correspondent, Mr. Robert 
D. Napier, in your number of the 11th, touches upon cer- 
tain subjects dealt with by me, perhaps I may be allowed 
to offer a few remarks upon his letter. As regards the 
objection or difficulty your correspondent finds in the way 
of the gravitation theory of Le Sage, I may perhaps point 
out that this theory is only intended to account for the 
facts of gravity as observed (which, according to Sir W. 
Thomson,* it can be shown to be capable of doing). In 
hypothetical cases, where the masses are assumed almost 
indefinitely large, the molecules would commence to shelter 
one another, and the law of proportionality of gravity to 
mass would no longer rigidly hold. It is so far capable of 
proof, however, that provided the exposed area of a mole- 
cule be small compared with its dimensions (as _—_ be 
the case with a vortex ring atom for example) any degree 
of closeness of approximation to the law of proportionality 
of gravity to mass may be attained, so that even in the 
case of masses much larger than any yet observed, the law 
might hold with so close a degree of accuracy that no dif- 
ference could be detected. 

Another part of your correspondent’s letter deserves 
notice. Hesays: ‘I am not aware the ether has in any 
way been used to explain inertia, which is just as inscrutable 
as gravity. Why a force which we call a pound should be 
able to impart velocity to a mass which weighs a pound on 
the earth's surface, and should be able to do so at about 
32 ft. per second, is just as big a mystery as that matter 
should have an attractive force to matter. What is this 
initial resisting force that limits the rate at which velocity 
may be imparted? I cannot conceive in what way ether 
currents can be used to account for it ; and until a theory 
is advanced which includes within the same brackets the 
force of gravity and the resistance to alteration of velocity, 
1 think it would be the wisest course to admit that we are 
at the end of our tether. When a theory combining the 
two properties can be devised, then we may hope to y 
made a step in advance.” 

It may perhaps be fairly questioned whether the term 
** inertia’ is of much advantage in physical science, or 
whether a recognition of the facts without the phrase 
would not be sufficient—at all events the phrase is liable 
to give rise to misconstructions. However, a phrase is of 
comparatively little consequence, provided true conceptions 
of the facts exist Let us, therefore, consider briefly the 
facts. A body is incompetent of itself to change its physical 
state, or it is an elementary axiom thas an effect cannot 
take place without a cause. A body at rest will therefore 
remain at rest until acted on and pat .n motion. Soa 
body in motion will remain in motion until acted on and 
brought to rest; fora change from motion to rest is pre- 
cisely the same physical change (though inverse) as a 
change from rest to motion. Next it may be well to refer to 
the very prevalent but erroneous idea that a certain force 
is required to overcome what is called the ‘‘ inertia’’ of a 
body before it can be put in motion. I do not in any way 
imply that this idea is shared by your correspondent, but it 
is necessary to take care lest any such idea may an 
force itself upon the mind. Thus it is a common idea that 
where it might be impossible to overcome the “‘ inertia’’ of 
a large mass all at once, the mass might be moved by 
* See Sir W. ‘Thomson’s paper ( Philosophical Magazine, 
May, 1873.) " ° ‘ 


moving parts of it successively ; thus implying that a cer- 
tain force is required to overcome “‘ inertia,” t.e., to make 
the mass move at all, and further that a certain time 
is required before the mass begins to move. Thisis clearly 
a delusion. Thus to take an extreme case (as extreme 
cases generally serve to illustrate subjects best). If the 
sun were a rigid coherent mass, a touch of afeather would 
put it in motion instantly, or without the lapse of any 
time at all. All that is required to put a body in motion 
is that a certain amount of energy, however small, should 
be transferred to it. [Of course when a body is rigidly 
curbed or held by friction, a certain force is required 
to overcome this friction before the body will move, but 
this is not “‘ inertia.’’] Thus if amass, however small, be 
thrown against a body however large, the small mass will 
lose (calculably) a small amount of velocity, representing 
a certain amount of motive energy. The large body must 
therefore gain this precise amount of motive energy on the 
instant, or the loss of motion on the one side and the gain on 
the other must be simultaneous, for otherwise there would 
be a temporary annihilation of energy. This may perhaps be 
illustrated by the case of pouring liquid from one vessel 
into another, when the loss of liquid on the one side and 
the gain on the other must be simultaneous, otherwise 
there would be an annihilation of the liquid. So accord- 
ingly a body, however large, must commence to move in- 
stantly, however small an amount of energy be transferred 
to it, t.e., no measurable time, and no measurable amount 
of force is required to overcome the “ inertia’ (so termed) 
of the largest body, before it commences to move. If 
more energy be transferred to the body, the body instantly 
moves faster to an amount proportional to the energy 
so transferred, or it yields freely and spontaneously to the 
energy so yao de chek accommodating its velocity accord- 
ingly. If the energy be transferred to the body quickly, it 
will be accelerated quickly ; if slowly, it will be accelerated 
slowly. It only cannot generate its own energy and ac- 
celerate itself. If, therefore, a body on the instant accom- 
modates its velocity to the energy given it, it is difficult 
to see the meaning of the expression ‘‘ resistance to altera- 
tion of velocity.” At least this expression appears to 
admit of an ambiguous and incorrect meaning. owever, 
the main object is to keep the facts of the case in view, 
and when this is done, any argument about the expediency 
of expressions which generally admit of a doubtful mean- 
ing would be mere waste of time. It is so far certain that 
when the facts are kept in view, there is no mystery in the 
case, but, on the contrary, the facts are perfectly logical, 
axiomatic, and necessary—as all the first principles of 
science are when truly realised. 

As regards the process whereby velocity is imparted to a 
body in the special case of gravity, and the precise cause 
why this velocity is 32ft. per second (and not any other 
velocity), of course, this can only be explained when the 
mechanism of gravity is explained, and will remain a 
mystery so long as “— is a mystery. It may be ex- 
plained by any physical theory of gravity, and the ex- 
planation is in principle the same whatever theory be 
taken, Le Sage’s, or any other. Thus in Le Sage’s theory, 
the reason why a body has a velocity of 32ft. per second 
after traversing a space of 16ft., is that the excess in the 
number of particles impinging against the upper side of 
the body above those impinging against the lower side, is 
such that the particles lose a velocity a yd a total 
energy of 16 foot-pounds in bag the body towards the 
earth through a distance of 16 ft. (the mass of the body being 
supposed represented by the unit ‘‘one pound’’). The 

y accordingly acquires the precise energy of 16 foot- 
pounds lost by the particles, and, therefore, the body has 
a velocity of 32ft. per second, which corresponds to 16 
foot-pounds of energy. If the body were brought near the 
sun, it would acquire a greater energy or a higher velocity 
in traversing a space of 16 ft., not because the body has 
any mysterious selective power of adjusting the energy of 
its ‘‘ pull’ (so termed) in proportion to the sun’s mass, 
but because the physical conditions are there different, or 
(to apply Le Sage’s theory) the difference in the number of 
particles impinging against the upper and lower sides of 
the body is there greater, so that a greater energy is lost 
by the particles in impelling the body through a distance 
of 16ft., and accordingly a greater energy is acquired by 
the body, so that its velocity is correspondingly greater. 
It should be noted, as before remarked, that these general 
conclusions hold independently of what special theory of 
gravity be adopted, for by the rejection of the theory of 
** action at a distance,”’ it is at least an inevitable conclu- 
sion that the effect of “‘ gravity’’ can be solely referable to 
the impulsive action of a material agent upon the gravitat- 
ing body, and this material agent (in accordance with the 
principle of the conservation of energy) loses an amount of 
energy equal to that transferred to the gravitating body. 
This general conclusion may at once be drawn. 

Gravity, like any other physical effect, must depend upon 
physical conditions, not upon caprice. Without such 
regulating physical conditions there would be nothing to 
determine the velocity, or why it should be 32 ft., or any 
other number. If the physical conditions be known, then 
the value of the velocity could be predicted beforehand 
without measuring it, just as with any other physical effect. 

It is difficult to see what authority there can be for the 
term ‘“‘pull’’ or “ attraction,’’ as sometimes applied to 
wy It will be admitted by any impartial observer, 
that the principle followed ought to be not to employ 
terms which presuppose facts, in the case of mere hypo- 
theses. ‘The only fact evident to our senses in the case of 
gravity, is that two masses of matter tend to approach 
each other. This fact may be conceived to be Gonats 
about either by a pull directed between the masses, or a 
push directed in the rear of the masses. Who is to say 
whether it is a push or pull in this case. If any reliable 


explanation of gravity be eventually accepted, it must bea | t 


a term “‘ pull”’ or “‘ attraction’”’ therefore is liable to mis- 


I will just put one question in conclusion. If it be legiti- 
mate to say that it isa ‘‘law’’ for the action of gravity to 
vary,as the square of the distance, and that, therefore, no ex- 
planation is required of this extremely complex and peculiar 
physical effect, why is it not legitimate to say that it is a 
*‘law’’ for the action of light or sound to vary as the square 
of the distance, and that, therefore, no explanation is re- 
quired of this effect? Such an assumption would, how- 
ever, be considered an absurdity. Why, therefore, apply 
a different logic in the case of gravity, which would appear 
to imply that explanations are less necessary when they 
are difficult? It cannot surely be denied that such a course 
admits of no logical justification, and the conclusion is un- 
avoidable that difference of opinion on this subject can 
only be referred to an absence of due appreciation of the 
facts. Indeed it is significant that year by year the most 
advanced minds are becoming more and more alive to the 
necessity of ees the processes involved in this and 
other allied physical effects obscured in mystery. 


ours ¢ 
London, May 17, 1877. 8S. ToLvER PREsToN. 








CENTRIFUGAL FORCE AND UNBALANCED 
FORCE, 
To THE EpIToR OF ENGINEERING. 

Srr,—Your correspondent ‘‘C. G.’’ apparently misap- 
prehends the drift of the remarks which I ventured to 
make upon this subject, so with your permission I will en- 
deavour to put the matter more clearly. 

In the first place, he assumes that I am responsible for a 
theory or a proposition, or something, but here he puts the 
saddle upon the wrong horse. It would have been a very 
gratuitous proceeding on my part to offer to prove a pro- 
position which is commonly accepted (see Rankine and 
Weisbach), and which had not been explicitly denied, viz., 
that centrifugal force acts upon the guiding body and not 
upon the revolving body. The burden of the contrary 
proof lies upon those who wish to establish the novel 
theory that there is no unbalanced force, and who must 
consequently prove that centrifugal force does act upon the 
revol body, for otherwise the centripetal force is un- 
halemente, 

My endeavour has been just to point out the necessity of 
keeping steadily in view the body upon which a force acts, 
or is said to act, and which had apparently been lost sight 
of, for Mr. Napier’s dilemma was set out in terms which 
said in effect, ‘‘If we can find centrifugal force acting 
upon anything, no matter what, there is an end to un- 
balanced force ;” and his illustrations aonarony 4 did not 
look for anything further than its action upon the guiding 
body, which is insufficient because that it is not the right 
body. 

It may possibly be right to deny the existence of un- 
balanced force, but it cannot be denied upon these grounds. 
If we are going to maintain that there is a force acting 
upon the accelerated body equal and opposite to the pro- 
pelling or centripetal force, we must find something better 
to show for it than a force which is acting upon another 
body altogether. 

By way of trying to find omniiing more nearly to the 
purpose, I took the case of a body whose horizontal motion 
was accelerated by an extraneous force or pressure at one 
end, and referred to the opposing force which grows wp in 
the accelerated body itself, and whose magnitude varies in 
different parts of the body. At the forward end it is 
nothing, its mean value is half that of the propelling force, 
and it only becomes equal in magnitude to the propelling 
force just at the point where it ceases to act upon the 
accelerated body and acts upon the driving body. 

But is this a force equal and opposite to the propelling 
force and acting wpon the same body? For instance, if the 
propelling force is a forward pressure of 10]b., should we 
be right in saying that this growing force is equal toa 
backward pressure of 10 1b. upon the body? We know very 
well that if the body were really subjected to a backward 
pressure of 10lb. exactly like the propelling pressure, it 
would not move any more than if it were in a vice; and if 
it is true that the growing force is equal to such a back- 
ward pressure of 10lb., we really cannot account for the 
capricious behaviour of matter ; at one time a body acted 
upon by two equal and opposite horizontal forces lies per- 
fectly still, but at another time it suddenly starts off in one 
direction or the other for no apparent reason ; at all events 
its behaviour cannot be said to be regulated by the forces 
to which it is subjected, for we have just assumed that 
those forces are the same upon both occasions. _ 

We generally assume that the same cause will always 
produce the same or a similar effect, and in these two cases 
the effects as shown in the motion of the body are not the 
same but very different, nor need we be ata loss to perceive 
a corresponding difference in the causes or in the forces 
themselves apart from their effects. An external pressure of 
10 lb. acting fairly wpon this body is clearly not the same 
thing as a force which grows up from nothing within the 
body. In the comparison of these cases we can seem to see a 
sufficient difference in the forces to account for the diffe- 
rence in the motion of the body, but there is to my mind a 
much greater difficulty in finding any adequate difference 
between the forces (irrespective of their effects) which act 
in the two following cases, respectively, viz., first, the 
horizontal forces acting upon a body when its motion is 
accelerated by an extraneous pressure (as before), and, 
second, the vertical forces acting upon a heavy body, which 
is said to be at rest. ? ; 

Assuming the constant relationship between cause and 
effect, it is clear that either the forces are essentially diffe- 
rent, or else the effects are essentially the same in these 


"With regard to the forces there can be no doubt that the 





push or thrust, for it is very certain that there is —— 





conceivable through which “a pull’’ could be direc’ 


extraneous propelling pressure and the extraneous upward 
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pressure are forces of the same sort, and both act upon 
the body, so that the only difference must lie between the 
opposing force which grows up in the accelerated body, 
and the downward force which either acts upon or = 
up in the heavy body. Of course the weight of the latter 
body is a force which grows up in the body precisely in the 
same way as the opposing force grows up in the accelerated 
body, both are exactly proportional to the’ mass of the 
body, and both appear to be developed in virtue of that 
mass, and the successive increments of both only appear in 
the form of palpable pressures, as one may say, behind or 
below each successive particle, for we do not suppose there 
is any palpable weight or pressure upon the very top of a 
heavy body. 

Yet if we are really obliged to recognise the apparent 
difference between the effects of these two forces (in the 
motion of the body) we miust attribute some essential dif- 
ference to the forces themselves: for instance, we must 
compel our imagination to conceive something of this sort 
—that in the case of the accelerated body there is no 
opposing force acting upon the particles, but it is the 
particles themselves which in virtue of their mass originate 
and éxert the opposing force or resistance, while in the 
case of the heayy body, the particles themselves do not 
exert any downward force, but only passively transmit a 
downward force which is acting upon thon from above (not- 
withstanding that the force acting upon each particle has 
nothing to do with the mass of particles above, but is pro- 
portional to the mass of that particle). ‘Thus in the heavy 
body, the uppermost particles of all must be receiving, 
and must be receiving on their upper surfaces the action of 
some kind of downward pressure. 

It might save a good deal of trouble if, before looking for 
ether currents or other ulterior causes to account for this 
downward pressure, the question could be settled whether 
anything like a palpable downward pressure, extraneous to 
the mass of bodies, exists. 


Your truly, 
May 21, 1877. . A Reixson FIDLER. 








HYDRAULIC o. GAS ENGINES. 
To THE EDITOR OF ENGINEERING. 

Sir,—Mr. Ellington’s letter appears to be a tacit ad- 
mission that he cannot answer the charges made and ques- 
tions put in my last. He regrets having unintentionally 
misrepresented my opinions, and in the same sentence pro- 
ceeds to misrepresent them more grossly than before. 

After showing that the cost of using water power from 
the pressure mains at Hull, according to the figures of its 
own advocates, is 600 per cent. more than the cost of using 
gas, what I said is as follows: ‘“‘ This should be sufficient 
to show that for the general run of users of small motive 
power, there is nothing to be gained in economy in having 
pressure mains laid down for working hydraulic engines, 
when gas can be used instead.”’ 

I consider this to be a very moderate statement indeed, 
compared with what I might have said, and if Mr. Ellington 
will go to Hull in a few weeks he will be able to convince 
himself of its truth. 

Mr. Ellington holds it to be a sound opinion ‘‘ that there 
are many advantages to the general run of users of small 
motive power in having pressure mains laid down’’ as at 
Hull, where the cost is about 14d. for 100 foot-tons; and 
then almost in the same breath says that ‘‘ at gas works in 
London hydraulic cranes are lifting 200 tons 40 ft. high at 
a cost for power of 1s. 9d., which is equivalent to 100 foot- 
tons, for about 4d. The inevitable conclusion from these 
statements is that the sooner the high-pressure main system 
is abandoned and replaced by the system employed at the 
gas works in London, whatever the system may be, the 
better it will be for all concerned, except the unfortunate 
proprietors of the Hull high-pressure mains. . 

If the economy of working at these gas works is excep- 
tional, or if the hydraulic system employed is not suitable 
for general application, then why was it mentioned ? 

As to hydraulic cranes lifting 200 tons 40 ft. high ata 
cost for power of 1s, 94., I have no doubt the same work 
is done for even less in some exceptional cases, yet I main- 
tain that the average cost of the water in towns for doing 
this amount of work is not less than 15s., under the most 
favourable circumstances with hydraulic machinery worked 
off the main, and the cost of the water sometimes exceeds 
dos. The same amount of lifting can be done by gas for 
1s. under favourable circumstances. When I stated 2s. 6d. 
was the cost of gas for lifting and lowering 200 tons 40ft., 
I named certain conditions under which the work should 
be done, which Mr. Ellington has overlooked. ; 

With the quantity of coke and cinders available for steam 
raising at some gas works, I should not be surprised to 
hear it maintained that the lifting can be done for nothing. 

My object in writing was to draw attention to the 
extravagance of using water power from the mains in 
towns, when gas engines can be used instead, and to over- 
come some of the prejudice existing in the minds of steam 
and hydraulic engineers against the use of gas engines. 
My figures and statements are simple enough, and if they 
cannot be disputed or disproved, it is not likely they can 
be washed out by discharging dirty water upon them. 

Mr. Ellington must not assume I will be surprised at 
anything he says or does, after the rash statements he has 
made, and his unfortunate allusion to the young lady, 
whom he described as being “daily exploded at the Royal 
Aquarium.”’ 

I must now, with your permission, Sir, decline to take 
further part in a correspondence which on my side has 
resolved itself into a correction of the misrepresentations, 
and consequently into a repetition of my own statements, 
and into a refutation of the statements of Mr. Ellington, 
the irrelevyancy of which must be apparent to every one but 
himself, I am, Sir, yours truly, 

Ropert WILson. 


116, Queen Victoria-street, E.C. 
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THE PROPER CIRCULATION IN BOILERS. 
To THE EDITOR OF ENGINEERING. 
Sr1r,—In the discussion opened by Mr. Rowan relating 
to water-tube boilers, it will be necessary in reply to first 
state the positions we each hold. 


composed principally of vertical water tubes can fulfil the 
conditions essential to proper circulation, and that con- 
ny such a construction is sound in principle, and no 
other is. 

My assertion is that water-tube boilers, composed chiefly 
of vertical tubes, fail to fulfil the conditions required of an 
efficient water-tube boiler. 

Mr. Rowan’s assertions amount to this: "Water-tube 
boilers composed of other than vertical water tubes are 
defective in circulation, and consequently are bad boilers. 
While my assertion amounts to: Water-tube boilers com- 
posed of vertical water tubes give inferior results. 

I thank Mr. Rowan for the very kind manner he speaks 
of my paper, and although he and I differ on one particular 
point, yet I hope to show where he has erred. Mr. 
Rowan’s assertions lay great. stress on proper circulation, 
and I am rather disappomted he did not tell us the ‘‘ con- 
ditions essential to proper circulation,’’ and showing their 
‘* soundness in principle’ in comparing them with those of 
the defective But Mr. wan is silent on this 

int, and launches out into absorption and emission of 

eat, attacking my second rule, splitting it in two, and 
disposing of each in an off-handed manner, introduces 
something of his own, and thus he proves his case. 

Without quoting extensively from my paper, I would 
remark, considerable pains were taken to show the dif- 
ference existing among the various kinds or qualities of 
heating surfaces common to steam boilers, and their equi- 
valent values. Horizontal heating surface with the flame 
underneath is, amo’ ineers, considered the standard 
or unity. Vertical heating surface is considered to be 
equal to one-half; or, horizontal has a greater efficiency 
than vertical in the ratio of 2to1. This is no assertion 
of mine, but is recogni by all our —s engineers. 
Mr. Rowan was at a loss to know why I picked upon tubes 
Rule 2. But he his 
blind to the above facts, for he says: ‘‘ It evidently does 
not matter whether the tubes are horizontal, and the gaegs 
vertical in their motion, or whether the gases travel hori- 
zontally, and the tubes are vertical, for the same result as 
to the efficiency of the heating surface exposed is arrived 
at in both cases.’’ 

What would our Cornish friends say were you to mropens 
their long boilers with straight flues be seh on end? There 
would be just the same heating surface, and, according to 
Mr. Rowan, quite the same result. 

Again, with respect to the emission of heat, Mr. Rowan 
asserts my reasoning is wrong, and I assume more than I 
can prove, and he instances the flat top of a flue to show 
where my reasoning is at fault. He says, ‘‘ The movement 
(circulation) of the water musi be considered and means for 
the supply of fresh quantities provided, care being taken 
that the fresh supply has not to reach the plate in a direc- 
tion contrary to that of the heated currents.’’ Very good, 


top of a locomotive firebox ; let him picture a plan of the 
box when under steam, with volumes of steam rushing w 
from the four sides enclosing a seething mass of steam an 
water. Is there a movement of the water here in the sense 
he speaks of ? or is there any care taken that the water 
ets to the plate in the prescribed direction? There can 
be no doubt about this surface being of the most efficient 
kind. But according to Mr. Rowan, it is more easy to keep 
water in contact wit 
than with surfaces of this kind, and he instances the rising 
of heated wuter and steam from the centre and not from 


the sides of vertical tubes. But this is not so apparent as 


is in proportion to the length. When a long vertical tube 
of small diameter is exposed for its whole length to the 
flame of a furnace, the steam generated in the lower part 
rises vertically, and as it keeps rising it also meets with 
similar company, this continued accession must naturally 
cause it tomove towards the centre, and if the tube be long 
enough, the full bore would be occupied by thesteam. Now 
it is quite evident fr2m this there is a stratum or wall of 
steam between the water and the side of the tube exposed 
to the flame, and as I explained in my paper, the 5 
heat of steam is one-half that of water, it follows we have a 
substance in contact with the heated metal whose power of 
absorbing heat is inferior to that of the water, and there- 
fore water-tube boilers composed principally of vertical 
water tubes fail to fulfil the conditions of an efficient water- 
Yours very truly, 


tube boiler. 
JOHN WATT. 
174, Cleveland-street, Birkenhead, May 23, 1877. 


ROPE DRIVING IN COTTON MILLS. 

To THE EprrorR OF ENGINEERING. 
S1r,—Those of your readers who are interested in rope 
driving will feel indebted to you for your two- illustra- 
tion and description of the — as applied to a cotton 
mill at Hyde Junction, near Manchester, in your number 
for May 18. However well the job may answer the pe 
pose for which it was designed, it hardly commends itself as 
an example to be imitated, considering the moderate speeds 
of the pistons and the flywheel. The speed of the pistons 
is only 450 ft. minute, and the ropes, as stated, ft. 
ae minute. Now, if the engines had been run at 60 revo- 
utions per minute, instead of 50, the velocity of the pistons 
would have been only 540 ft. and that of the ropes 4140 ft. 
per minute, and eight ropes would have been required to 
transmit 300 horse power instead of twelve, by only putting 
a slightly —_ strain u the ropes r to keep 
down the width and wei Pt of the 








to recommend a piston speed of 600 ft. per minute, or a 





Mr. Rowan asserts that no water-tube boiler but one | ™ 


but I should like to know how thisrule would suit the flat | s}j 


the surface of vertical water tubes | near S) 


he supposes, and it will be less so the greater the diameter | ; 


heel I never hesitate | MM 


velocity of ropes of 5000ft. up to 6000ft. per minute, 
especially as mule spindles are now being driven at a speed 
of 7000 revolutions and upwards per minute. 
I notice that Messrs. ellow make the sides of the 
ves at an angle Bg deg. Bas — ama ee I do 
see reason given by them for . in- 
of 45 deg. mm 7” 


In a paper read before the Institution of Civil Engineers 
on March 13 of this year, by Mr. Henry Robinson, a table 
oh ore soe we to have been compiled by Mr 
W. A. Roebling, and wherein it is stated t a # in. 
diameter wire rope running at a velocity of 4000ft. per 
minute was capable of transmitting 153.1 Sal power. If 
this estimate is correct it is worth inquiring into, because 
in the case illustrated only two wire ropes would have been 
— instead of twelve hemp ones, provided the engines 
been run at 60 revolutions per minute, 
Yours truly, 
J. Durix. 
148, Waterloo-road, Manchester, May 23, 1877. 





“ BOURRY’S need ~~ 5 yam SCREW PIPE 


; ‘To THE Eprror or ENGINEERING. 
Srr,—In your last impression I see under the above 
heading a description of pipe joint gee be a new 
ve Coan familiar wi! 


patented invention. I ha’ the joint de- 
scribed and illustrated for o— years past, in connexion 
with Perkins’ patent engines boilers, where it has been, 
and is now largely used. I would suggest to Mr. Bou 


that before using or introducing the joint, that he obtain 
Mr. Loftus Perkins’ patent, No. 1822, 12th July, 1871; he 
will there see for himself that the invention is not new, 
and is in fact the patented of Mr. Perkins. 

Tan, Sir, yours 4 


W. W. Harris, 
Seaford-street, W.C., London, May 22, 1877. 





JENKINS’S HYDRAULIC HAULING 
MACHINERY, 

To THE EDITOR OF ENGINEERING. 
S1r,—Will you allow us to point out that in the notice 
Ship Sipe,” which appeared in your iseue of May Lith, wot 

ps,” which a; in your issue ay » no’ 

quite sufficient credit seems to be given to the inventor, 

r. G. Jenkins, of Queen’s-road, Portsmouth. This gen- 
tleman has devoted a lifetime to the practical study of the 
subject, and it is only due to him that his name should be 
—— prominently genet 5 in the — illus- 
trated in your paper, we wor entirely i igns 
and under his ieattane. a 

The long list of re Seay which occurs at the 
end of the article must be understood to have been de- 
signed and erected entirely by Mr. Jenkins, and we cannot ~ 
claim share in that pat | of the matter—but for the 
— i pen age : tae Aradly omg construct 

e hydraulic machinery for paten 8. : 
We may add that communications on the subject of these 

addressed to him as above. 

Yours vg 

HAYWARD TYLER AND Co. 


ips should be 
May 24, 1877. 





NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, W y> 
gichssolptecmgee suites late heen sginah os MEAaaa 
an senger c have 0} at esfield, 
hefield, on the South Yorkshire section of the 
Manchester, Sheffield, and Lincolnshire Railway Com- 
pany’s line. 
Colliery Working near Belper.—Last year some work- 
ings at Belper Sound, on the estate of Colonel Colville, 
which had been abandoned for several years, were taken in 
hand by a company formed for the purpose, and a drift, or 
adit, 280 yards in length has since been driven. This has 
resulted in the finding of a seam of coal 4 ft. 2 in. thick, 
besides a capital bed of fireclay. Both deposits will now 
worked, suitable winding machinery having been put 
own. 

The Blackwell Collieries:— At these collieries the 
sinkings aré’being driven ahead in order to ascertain the 
dimensions of the ‘‘ dumb’’ fault in the coal-bearing strata, 
which is supposed to have been caused by an upheaval, or 
by theaction of an river. 

The Parkgate Iron Company (Limited).—The annual 
report of the directors of this company states that the 
whole of the plant and machinery has been maintained in 
order, except the rail mill, which is now idle. The cost of 
the new engine and shears in the guide mill and of | 
the stoves of the No. 1 blast furnace at Parkgate amounte 
to about 20001., and has been charged to revenue. 
Tramways Eatension at Shefield.—On Saturday last 
the Langsett Road and the Hillsboro’ new section of the 
Sheffield tramways was opened god syne traffic, the length 
being about three miles. The rails are of steel and the 
paving of Mountsorrel granite sets. There are at present 
only ten cars running on the new section, and these have 
been made by Starbuck Car and Wag n Company, of 
Birkenhead. The lamps are placed outside the cars, and 
over each wheel an iron safety is fixed. The cars 
are mounted on the patent crucible steel wheels made 
Mr. Robert Hadfield, Sheffield, which are said to be m 
lighter than the American made wheels. The new stabling 
is for 96 horses. 





AntTwerP.—A contract for some rather important works 
for the improvement of the port of Antwerp has been let to 
eux and t, of Paris. The amount of the 








contract is 1,51,0007, 
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THE PROPELLER OF H.M.S. 


Most of our readers will, no doubt, have seen the 
reports recently published in the daily press of H.M.S. 
Thetis having been disabled whilst in the Mediterranean 
by the failure of her screw, and having had to be towed 
into Malta to be there docked and overhauled. So far as 
we are aware, however, no description of the nature of 
the failure has yet been made public, and for this 
reason the engravings which we annex will be of interest. 
Of these engravings, the large view on the present page 
has been prepared from a photograph of the stern of the 
Thetis taken soon after she was docked at Malta, while 
the other views on the opposite page have been engraved 
from photographs of the shaft bearings, &c., taken after 
their removal from the vessel. 

It will be seen from our illustrations that the Thetis 
was fitted with a lifting screw and that the outer bearing 
had been allowed to wear completely through, the outer 





end of the shaft then falling, and the propeller being only | 


prevented from going to the bottom by catching against 
the stern post. Looking at the photcgraph it appears 
marvellous that the propeller should not have been com- 
pletely lost, while it is equally marvellous that the bear- 
ings should have been allowed to get into such a condi- 
tion. It would be interesting to know when the screw of 
the Thetis was last lifted, and who was responsible for 
the state of affairs shown by our engravings. We may add 
that another photograph in our possession shows that 
the worm employed for turning the engines by hand had 
been subjected to extremely severe wear, the engines re- 
quiring, we understand, enormous power to move at all, 
a fact which ought to have drawn attention to something 
being amiss. Altogether, so far as the information at 
present available enables us to form an opinion, the 
failure of H.M.S. Thetis is the reverse of creditable to all 
concerned. 
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LOCOMOTIVE FOR THE NORTH BRITISH 
RAILWAY. 


WE give this week a two-page engraving of one of a type 
of passenger locomotives recently constructed from the 
designs of Mr. Drummond, the locomotive superintendent 
of the North British Railway, for working the fast pas- 
senger traffic on that line. As will be seen from our 
illustration the engine is of the inside cylinder type with 
a single pair of driving wheels, the cylinders being 17 in. 
in diameter with 2 ft. stroke, and the driving wheels 7 ft. 
in diameter, so that the tractive force which the engine 


72y9 
is capable of exerting is w= 82.57 lb. for each 


pound of effective pressure per square inch on the pistons. 

The boiler is very large, the barrel being 4 ft. 4 in. in 
diameter outside the smallest plate. As shown in our 
illustration the barrel is formed of two rings only, each 
vs in. thick. The sides 
and crown of the firebox casing are also formed of a 
single plate. The longitudinal joints of the barrel are 
butt joints, with inside and outside covering strips, and 
Mr. Drummond hasall rivet holes drilled after the plates 
have been cramped together. The firebox is of copper, 
and its crown is stayed to that of the firebox casing by 
110 roof stays lyy in. and 1, in. in diameter at the 
lower and upper ends respectively, these stays being 
secured in the same way asin Mr. Stroudley’s engine, 
described on page 48 of our twenty-first volume. The 
sides of the firebox are bulged outwards at the front 
end, as shown in the plan, soas to get a wider tube plate. 
The boiler contains 220 brass tubes 1} in. in diameter 
outside, No. 10 and 11 B.W.G. thick, and 10 ft. 5 in. long 
between tube plates. These tubes are arranged with 
} in. water spaces, and they expose 1040 square feet 


of heating surface, which added to 93 square feet 

of firebox surface makes the total heating surface 

1133 square feet. The firegrate area is 15.5 square feet, 

and the leading proportions of the boiler are as follows : 
Ratio of firegrate surface to total 


heating surface ad si ae : 73.1 
Ratio of firegrate surface to flue area 

through tubes ood os Se OS 
Ratio of firegrate surface to least 

sectional area of chimney... 11.07 : 1 


Number of internal diameters in 
length of tubes see tei ae 84.4 

As will be seen from our engravings, the boiler has 
large water spaces and it is well stayed. The firedoor, 
it will be noticed, is a flap hinged inside the firebox at 
the top of the firehole and worked by a lever provided 
with a catch plate, as shown in the longitudinal section. 
The details of this door—which has the advantage of also 
serving as a deflector to direct the entering air on to the 
fire—are shown by the engravings on the next page, 
from which it will be seen that provision is made for 
readily renewing those parts which may get injured by the 
fire. The whole arrangement is very neatly worked out. 

The general arrangement of the frame, cylinders, and 
working gear is so clearly shown by our illustrations that 
little explanation will be necessary ; we may, however, 
direct attention to the arrangement of the guide bars, 
these being quite distinct from the cylinders, and 
being supported entirely by a substantial casting which 
forms the motion plate, and which has also the valve 
spindle guides formed in one piece with it. The cross- 
head blocks overrun the guide bars at each end of the 
stroke. As will be also seen from the longitudinal section 
that provision is made for taking a portion of the exhaust 
steam back to the tender for the purpose of heating the 





fuel. A powerful brake is applied to the driving and 
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trailing wheels, as shown, the blocks being of cast iron, with a six-wheeled tender carrying 2500 gallons of water 
and being shaped so as to bear on the flanges as well as | and 5 fons of coal, this tender being also of a neat and 


the tread of the wheels. The reversing gear consists | simple design. 


of a serew placed vertically on the left-hand side of the | 
footplate, as represented in dotted lines on the longitudinal | THE VOLCANIC PHENOMENA OF 1876. 
section, the screw being provided with a hand-wheel at | Votcanic phenomena are pregnant with meaning for 
the top, and with an arrangement for locking the nut in | the physicist, and for him who would understand the 
any position. | past history of our globe. At present, it must be 
Altogether the engine we have been describing is of a | admitted, the nature of these phenomena is still wrapped 
strong powerful type, well suited for its work, while the | in much obscurity. Only by careful induction and com- 
general design is also very neat. The engine is provided ' parison, extending over long periods of observation, may 

















it be hoped that the laws which govern volcanic action 
will at length be fully elucidated. A recent writer in 
Naturforscher gives a survey of the phenomena of 
volcanic order (volcanoes and earthquakes) which 
occurred in 1876. With regard to volcanoes it appears 
that no very remarkable eruption took place. Still, 
voleanic action went on uninterruptedly. Besides the 
volcanoes in constant eruption, such as Sangay, Isalco, 
and Stromboli, several. volcanoes which become active 
only at intervals, were at their eruption period. 

Of eruptions in distant lands no very full accounts are 
to hand. This is the case even with the outbreak of the 
Manna Loa, in the Island of Hawaii. This volcano is com- 
parable in its action to the most important of our European 
volcanoes ; but the numerous violent outbreaks of it in 
recent years have somewhat. weakened the impression 
produced by its smaller eruptions, though these are very 
considerable. It is specially notable for the huge crater- 
cauldron Kilanea on its flank, which is always filled with 
glowing lava, in which big masses of.rock.are tumbled 
about. Notwithstanding the constant presence of the 
liquid lava, it presents from time to time true eruption phe- 
nomena, as in 1840 and 1872. At the summit, which is 4191 
metres high, there is another crater called Mokun-weoweo, 
which is active at intervals, It is commonly in a quiescent 
state, but sometimes outbreaks occur in it, and, con- 
sidering the great height (it is one of the highest vol- 
canoes) they indicate a tremendous force. The most 
remarkable in recent times are those in 1832, 1843, 1852, 
1859, and above all, 1866. On the 11th of August, 1875,. 
this crater went anew into eruption, which acquired fresh 
force in 1876. About this time its circumference was 
widened ; it did not continue limited to the summit, but 
drew the Great Kilanea into sympathy with it. Whether 
the outbreak is ended or still continues is not known. 

Our European volcanoes, Vesuvius and Etna, only 
showed a tendency in 1876 to pass out of the state of rest 
in which they had been for several years. 

From the 22nd of January to near the end of February, 
great masses of smoke of varying density rolled up from 
Vesuvius, and their illuminated surface told of the pre- 
sence of lava in the crata. The mountain at the same 
time trembled continually with earthquakes, and there 
were all the signs of anear eruption. This did not come, 
however, but rest returned, which was broken only by an 
increased action in the second half of March and the end 
of July. Inthe night of 3rd to 4th of April, there was a 
slight ejection of ashes. 

The behaviour of Etna was similar. From December, 
1875, it gave smoke and glow which were intensified 
in April, 1876, and accompanied by numerous earth- 
quakes. But there were no further effects. Oonsiderably 
different from the -voloanoes proper are those mud 
volcanoes which are formed when the gases arising from 
strong chemical decomposition of organic bituminous 
matters, such as rock oil, naphtha, petroleum, &., are 
prevented by soft slimy ground from escaping freely with 
the atmosphere, so that they give a series of explosions. 
These present volcanic phenomena in miniature ; and their 
outbreaks are much less violent and frequent than the 
eruptions of volcanoes. The small island of Loss, near 
the west coast of the Caspian, belongs to an extensive 
region of these mud volcanoes, and in 1876 it was anew 
in eruption. Streams of mud pour down like lava, and 
they have greatly altered the form of this island. 

Coming now: to earthquakes in 1876, the number of 
those known is 104, which is near the yearly average. 
But among these are hardly any which represent such 
phenomena in their terribly destructive power (while 
most years have presented several such), The earth- 
quake in Peru on the night of January 4th, was, how- 
ever, so violent, that by the powerful shocks recurring 
thirty times between 7.30 P.M. and 6 a.m. the town of 
Abancay was almost completely destroyed. All the other 
earthquakes of the year were unimportant. 

While no country on earth is quite assured against 
earthquakes, some regions, as the west coast of South 
America, the neighbourhood of active volcanoes, &., are 
always exposed to them, and in others the phenomena 
oceur more frequently at certain periods. An example 
of the last is afforded by the Middle Rhine region and 
the Odenwald, where, after ten years’ perfect quiet, a 
time of earthquakes hascome. In 1876 three shocks (in 
the beginning of July, on the 5th of August, and the 17th 
of September) showed that the end of them had not yet 
arrived. In Germany generally and German Austria 
there were, in 1876, 28 earthquakes, 15 of which occurred 
in the region of the Alps. To these 15 shocks in the 
German Alps may be added two in the French Alps 
ee and Digne-Basses Alps), and one in the Swiss 

Ips (Davos). In France, with iers, there were 16 
earthquakes, four of them in Algiers. The Balkan 
peninsula was most frequently visited with earthquakes, 
especially the boundary line of Dalmatia, Bosnia, and 
Herzegovina, including Ragusa, Mostur, Metlovic, &c. 
In Italy, again, if we exclude the numerous but light 
shocks at Vesuvius and Etna, earthquakes were less 
frequent than usual; though at Corleone, in Sicily, a 
long-active centre of earthquakes was formed. 

The entire number of earthquakes is pretty equally 
divided among the different seasons ; in spring (three 
months) 29; summer, 20; autumn, 26; winter, 29. On 
fifteen days several earthquakes occurred at different 
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places apparently independent of each other; and at 
twelve places earthquakes were repeated several times 
in the course of the year. 

On the 17th of July an earthquake occurred at Vienna, 
weak, indeed, but not inconsiderable for this city. In 
the afternoon, at 1.22, three such violent shocks were 
felt that chairs and tables oscillated, and several chim- 
neys were thrown down. The impression produced was 
so great that the Exchange was soon emptied and busi- 
ness ceased. This earthquake extended over Lower 
Austria, Moravia, some parts of Bohemia (as far as 
Prague), Styria, and Hungary. The following are years 
iu which well-pronounced earthquakes have occurred at 
Vienna: 1201, 1267, 1848, 1442, 1590, 1679, 1711, 1763, 
1766, 1873, 1876. That in 1590 was the most violent. 

The study of earthquakes has led to the distinguishing 
of two different groups of these phenomena, the volcanic 
and the non-volcanic. The origin of the latter is not so 
evident as that of the former, and it is also very varied. 
The entire group may be comprehended from one point 
of view, viz., mechanical movements, displacements, or 
sinkings in the architecture of the earth. These processes 
are generally confined to depths that are inaccessible 
for us. 

On the night of the 6th of April, there occurred in 
Sicily one of those rare earthquakes in which the change 
in the position of the strata reached to the surface. In 
the village of Guarasi, near Cephalei, the characteristic 
subterranean noise which usually accompanies earth- 
quakes was heard so loud that all the inhabitants came 
out of doors. They forthwith perceived that the ground 
began to sink, and in two hours ten houses had wholly 
disappeared. The other houses were thrown down. 

To the same group belong several earthquakes in the 
Lower Rhine region, examples of which occurred last 
year in various places. On the 17th of October, at 7.5 
A.M., the west part of Dortmund was shaken by so vio- 
lent a shock, that several chimneys fell down. In. the 
town of Essen, movements of the ground have occurred 
repeatedly since 1867. Last year this was especially 
noticed ; in the Benstrasse there was a sinking 9 ft. deep, 
14 ft. long, and 9 ft. wide. 

The cause of this class of phenomena in the Lower 
Rhine country is to be sought in the chemical changes of 
the deep pit coal. The coalbeds of the earth are in a 
state of gradual transformation. The change occurs 
more quickly with freer access of air through shafts 
and galleries, to promote the chemical processes. The 
products of decomposition, carbonic acid, carbonic oxide, 
and various hydrocarbons, purely gaseous, escape in part 
slowly through the upper layers into the atmosphere, 
and partly accumulate in hollow spaces in the depths. 
Through the continuous formation of gas, the coal un- 
dergoes a steady waste and its mass gradually di- 
minishes. .The original space occupied by the bed is 
too large for the diminished mass, so the upper layers 
sink and press it together. This entire process may be 
regularly completed, and then the sinking in the course 
of a century is gradual and unperceived. But where, 
from local circumstances, there is not a continuous 
sinking, but one by fits and starts, this is accompanied 
necessarily with earthquakes. 








FIRE TELEGRAPHS. 
Tus Avto-Kivetic System. 


Tuk auto-kinetic system of telegraphy claims: 

1. An automatic method of signalling from any one 
point to any other point. 

2. That any number of signalling instruments on the 
same circuit may be set to the position required to send 
the message, and that each will, in its turn, and in the 
order of its position with regard to the receiving station, 
duly transmit its message. 

3. The employment of an open circuit, by which means 
the consumption of battery power incident upon the em- 
ployment of the closed, or constant current system is 
largely reduced; and moreover, what is of still higher 
importance, the deterioration of underground wires which 
attaches to the latter, is avoided. 

4. The impossibility of interruption from any other 
signalling station. 

Two wires are required; one of which (A) may be 
termed the starting wire, and the other (B) the recording 
wire. 

The apparatus consists : 

Firstly, of an automatic receiving apparatus which is 
so constructed that on being set in motion it interrupts 
the starting wire and establishes the communication with 
the recording wire. 

Secondly, of the sending or signalling apparatus which 
may be placed within iron pillars, or in other convenient 
positions in the streets or within doors, 

The receiving apparatus consists : 

a. Of a Morse inking apparatus, by which the signal 
received from the sending instrument is recorded on the 
usual slip of paper provided for the purpose. This 
portion of the instrument is simply a Morse inker, such 
as is used for ordinary telegraph purposes, provided with 
a self-starting arrangement, so that immediately the 
current passes through it, it is set in motion, and the 


and there remains for the inspection of the attendant 
should he for the instant not be at his post. 

b. A bell, in local circuit with a relay arrangement 
within the Morse, which is set ringing on the starting of 
the latter. 

ec. Anautomatic commutator, the object of which is to 
regulate the arrangement of the wires by means of which 
the possibility of interruption to the message being 
signalled is prevented. This instrument consists of a 
train of wheels driven by a spring which is wound up 
similar to a Morse inker. The mechanism is held in 
check by a small detent } fixed to the armature of the 
coils ¢, which when raised releases a pinion carrying a 
contact piece d, which ordinarily rests upon, and makes 
circuit with a spring e. On 6 being raised, d revolves, 
and in doing so breaks the “line A” circuit, which it will 
be observed is completed by way of the coils c, the spring 
e, and the contact piece d. 

d. A key F, which is of the ordinary single current key 
form. 

The electrical connexions of the several parts are shown 
in the figure. Two batteries are employed ; one of one or 
two cells for the local, and another, the power of which 


The alarum or signalling instrument consists of a pair 
of coils /, a rotating needle or indicator g, a small drum 
h, to the axis of which is fixed a handle or winch i, by 
which it is rotated in the direction of the arrow. 
imparting to it this motion the weight k is raised by 





has of cvurse to be regulated to the length of the circuit. | 


On | 


—one through the commutator and the other through 
the coils A of the Morse to line B. Line B is discon- 
nected and it cannot take that course, but line A is to 
earth; the current, therefore, flows through the auto- 
matic commutator coils to the coils f of the alarum No. 2. 
It discharges the detents attached to both armatures. 
The commutator is set in motion and the alarum is set in 
motion. The contact piece 5 of the former leaves the 
spring e, and the line A is broken. The current now has 
but line B open to it. The needle g is revolving, and as 
it passes over the metal studs in the dial it is making 
and breaking line B circuit. As it makes the circuit a 
| current flows through the coils of the inker and a mark 

corresponding with its duration is made upon the paper 
| slip. The weight has now returned to its normal posi- 
tion and the needle to its position of rest. Line A is 
again cut out of the alarum and so is line B, the former by 
the weight, the latter by the needle. The automatic 
commutator has also done its work and has again placed 
line A in circuit with the battery. 

It will have been observed that the passing currents 
cannot have effected alarum No. 1, because it is not in 
circuit on either line wire. 

But now suppose that during the time alarum No. 2 
| was working, No. 1 was also set to send a message. 
| The winch would be wound up, and the weight raised to 
| m. Line wire A would be broken at J /', and it would be 
| put to earth through the coils f, but no current would 
flow to disengage the detent attached to n because line A 
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means of a cord or chain attached to it in connexion 

with the drum A. The bottom of this weight is platinised 

so as to form contact with two springs / /' seen beneath 

it, and so complete the circuit between the two wires to 
which they are connected. 
figure are traced it will be seen that these springs con- 

nect the in and the out wires of the line wire A. The 
weight, therefore, when in this position shown at alarum 
No. 1 cuts the coils f out of circuit and thereby prevents 
their being operated by any passing current. 

But now if the winch i be wound around, the weight 
will be raised as shown at alarum No. 2. The springs 
if will now be disconnected and the circuit of line A 
broken, but on the weight being fully raised, the springs 
m will be brought into contact, and that portion of the 
line A connected with the receiving station will be put in 
connexion with the coils f, the other end of which is to 
earth. If a current now flows through the coils, the 
armature n will be attracted, and the detent at its | 
extremity will release the drum A, which will revolve 
under the influence of the weight #, rotating with it the 
needle g. This needle in revolving passes over, and in 
doing so presses upon certain metal projections in the 
face of the dial, which projections represent numbers or 
letters of the Morse alphabet. The line B is connected 
to the needle and the metal studs to the earth. The 
needle as it rotates thus makes and breaks the line B 
cireuit according to the formation of the metal studs. 
Suppose that these are arranged : 

e g ent 8 t, 


the marks recorded on the paper slip at the receiving 
station will be of the same character, and will show that 
aid, whether for fire or for police as may be arranged, is 
required at Regent-street. The locality may of course 
be indicated more closely than this, the number of the 
house or the number of the alarum station being added. 
The needle g when in its normal position, rests upon 
two studs or springs oo!, by which means “ line B” is 
carried through the instrument, in the same manner as is 
“line A” by the springs // in conjunction with the | 
weight & When in this position the needle is free from 
all contact except at oo. 

We will now trace the whole operation of raising an 
alarm. We will take No. 2 alarum. he winch i is 
first raised to the position shown. This raises the weight | 
and leaves wire A broken at/i’. The springs m are now | 
pressed together by the weight being brought up against 
them, and this places that portion of the line A in con- | 
nexion with the receiving station to earth at alarum 
No. 2. The instant this is done the battery current flows 
from the receiving station through terminal 3 of the 
receiving apparatus to the point 5 where it has two ways 


' 





paper upon which the message is inscribed is run out, 


| completed at the receiving station. 
If the connexions of the | 


| of drainage was 
enginures early as the reign of Charles II., and that, 





ALARUM ; 
nel it é] 
‘Vv 
is also broken by the automatic commutator at de. The 
weight will, therefore, remain suspended, and the line 
wire through the coils f to earth till the circuit is again 
This is done only 
when the message which occupies line B is completed. 
| When this is the case, as already explained, the commu- 
| tator restores the line A circuit and then the current flows 
to coils f, again discharges the commutator and releases 
the detent attached to’n at alarum No. 1, which proceeds 
to transmit its message. 

The action of the commutator is in time of running 
or returning to its normal condition synchronous with 
that of the needle, and consequently of the weight of the 
alarum. 

Supposing there are some thirty of these alarums in 
one circuit, and that No. 10 is first set, and thus has 
possession of the circuit, and that during the time it is 
running Nos. 20, 3, 5, and 1 are also wanted to be used. 
All are set, but until No. 10 has been discharged none of 
the others will be dealt with. As soon as this is the case 
—and which really means but a few seconds in point of 
time—each alarum, which has been set, is discharged in 
the order of its position in relation to the receiving 
station, viz., that which stands first is first dealt with ; 
thus the receiving instrument would record No. 10, No.1, 
No. 3, No. 5, No. 20. 

The apparatus is provided with various ingenious me- 
chanical arrangements for altering the character of the 


| signal or for changing its direction when required, the 


winch is also so arranged that it can be used as a Morse 


| key, and thus any communication other than the stereo- 


typed messageon the dial may be made, but this, as may 
be imagined, is intended only for the use of officials. 
The entire arrangement is most interesting and worthy 
of attention on the part of local authorities. It is adapted 
to public or private purposes and may be used as a fire 


| or police alarm. 








Kinaq’s CoLLEGE ENGINEERING SocizTy.—At a meet- 
ing of the above society held on Friday, May 18th, Mr. 
H. E. Kitson read a paper on the “‘ Main Drainage of Lon- 
don.” The author commenced by‘remarking that the subject 
one which had occupied the attention of 


even at that time the sewers were regarded as a means of 
carrying off surface waters only, and the throwing of all 
house refuse was strictly prohibited. Having proceeded to 
describe the old drains, showing their courses through the 
City, he then dwelt at length on the modern style, describ- 
ing minutely the directions of the sewers and their out- 
lets. A brief discussion ensued in which Messrs. Guinness, 
Crompton, Day, Huss, Samuels, and Hurst took part. Mr. 
Kitson having replied to the questions the meeting was ad- 


journed. 
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NOTICE OF MEETING. ° . 
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8 p.m. 1, Discussion on “ Water-Pressure Machinery.” 2. “ Econo- 

mical Method of Manufacturing Gunpowder-Charcoal,” by Mr. 

George Haycraft, Assoc, Inst. C.E.—Thursday, May 31, at 9 p.m. 
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THE NEW GERMAN PATENT LAW. 
AT last Germany has adopted a law — and, so far 
as can be judged, a fairly satisfactory one —ac- 
cording to which, under a single patent, an invention 
may after the lst of July next be protected through- 
out the empire. We say “ at last,” because although 
the fifth paragraph of the fourth article of the Im- 
perial Constitution of 15th May, 1871, declared 
that questions concerning patents and patent laws 
were reserved to the Reichsrath, and were no longer 
to be dependent on the different governments 
which composed the German empire, no uniform 
legislation applicable to the whole of Germany had 
been established up to the commencement of the 
present month. This is the more remarkable, be- 
cause some five years ago a petition was presented 
to the Reichsrath, requesting the Chancellor of the 
Empire to take advantage of the above provision of 
the constitution, and to prepare a Bill for intro- 
ducing a general Patent Law for the whole empire. 
An animated and lengthy discussion then took place 
between the advocates of a patent system and its 
opponents, both of whom, however, agreed in re- 
commending the petition to the notice of the Go- 
vernment, on the ground that nothing could be worse 
than the existing state of things, and that a remedy 
of some kind was most urgent. 

The necessary limits of an article “preclude our 
entering upon any lengthy explanation of the state 
of affairs which has heretofore obtained and will 
continue until the new law comes into operation. 
But we may remind our readers that to obtain any 
sort of protection for an invention in the principal 
German states—not to mention the numerous petty 
states—has heretofore involved the taking out at 





great cost, a number of patents each under a dis- 
tinct and separate rescript or law, and subject to 
different conditions. Thus separate patents have 
had to be obtained in Prussia, Bavaria, Saxony, 
and other states, the Prussian patent, if granted at 
all, which has been the exception, being generally 
limited to three years, whilst the Bavarian could be 
had for fifteen years, and the Saxon and Wurtem- 
burg patents for ten years. It has been a practice 
with many of the minor states to grant no protection 
at all unless the invention had previously received 
a patent in Prussia; but as for the most part these 
states separately considered were not important from 
the inventor’s point of view, the additional injury 
suffered by those who had already been refused 
protection in Prussia has not been very serious. So 
far as concerns Prussia itself, the unjust practice of 
the past, under which such inventions as those of 
Bessemer, Siemens, and many others we could 
name have been’ treated as unworthy of protection, 
has inflicted not only on inventors, but also upon 
the country itself, an amount of injury it would be 
impossible to estimate. The entire policy has been 
one of repression. Indeed, in a despatch dated 5th 
August, 1863, the Prussian Government proposed 
to the Federal Diet at Frankfort to do away with 


patents altogether ; and so recently as 1872 a decree | i 


was published mitigating the amount of punish- 
ment to be inflicted for breaches of patent rights in 
Alsace-Lorraine. The patent system of that pro- 
vince continued to be founded on the French law of 
6th July, 1844, but the penalties imposed by that 
law were abolished, and thenceforth any breaches 
of the Patent Law became punishable only with the 
lowest punishment mentioned in the German cri- 
minal code. But by adopting the new law Ger- 
many has admitted in the most —— way pos- 
sible that the policy of the past has been suicidal. 
This should operate as a warning to that minority 
which is so anxious to see radical changes in our 
own Patent Law and practice, and the warning 
is one that should be regarded in all earnestness. 
Often has Prussia been pointed out as an example 
worthy of imitation in respect of her treatment of 
inventors. For years and years have enthusiastic, 
if unpractical or interested agitators, clamoured for 
abolition of patents, or something that should be 
nearly tantamount thereto, Yet Prussia, whose ex- 
ample we have been thus invited to follow, after 
watching all that has been going on, and after duly 
considering all the alleged evils of a patent system, 
has, with the rest of Germany, deliberately adopted 
a law which in the most forcible manner endorses 
the past policy of this country as sound and expe- 
dient. In a word, whilst attempts are being made 
at home to introduce a repressive system, Germany 
has taken what is, for her, a most remarkable ste 
in the contrary direction. It is true that, thoug 
as to some points better, the provisions of her new 
law, in many respects, resemble those of the Bill 
now before our own Parliament. But contrast that 
with her policy of the past, and it will be seen that 
much in proportion as she has removed the disabi- 
lities of inventors, our own Bill, should it become 
law, would increase them. Although the German 
system of preliminary examination and publication 
may at first sight appear not unlike that proposed in 
the English Bill, it must be recollected that the 
German Bill represents an entire change from a 
very strict and repressive system to one of compa- 
rative liberality and encouragement; whereas the 
plan of the English Bill, as compared with our 
resent practice, has quite a contrary tendency. 
n Prussia it has been the practice to submit 
all applications to the tender mercy of a 80- 
called technical deputation for industrial matters, 
leaving the unfortunate inventor absolutely without 
appeal. In future, against a decision by which an 
application is rejected, the petitioner may appeal 
within four weeks after its notification, and against 
the decision concerning the granting of the patent 
(in case of opposition) the petitioner or the oppeoent 
may appeal within the same time. The Patent 
Office is to be at Berlin. There are to be at least 
three permanent members, including the chairman, 
and there are also to be non-permanent members. 
The members are to be appointed by the Emperor, 
the other officials by the Imperial Chancellor. The 
permanent members are to be appointed on nomi- 
nation by the Federal Council, If they hold an 
office of the empire, or of a state, the appointment 
will be for the term of such office, in other cases for 
life. The appointment of the non-permanent mem- 
bers will be for five years. Of the permanent mem- 
bers, at least three must have the qualification for the 





office of a judge or superior official of the adminis- 
tration; the non-permanent members must be expert 
in some branch of technical science. The Patent 
Office is to have several departments, to be formed 
in advance for at least one year, Any member may 
hold office in several departments. In case of the 
granting of a patent, the quorum of any department 
must not be less than three, among whom there 
must be two non-permanent members. For de- 
ciding regarding the nullity and the revocation of 
patents, there is to be a special department, for 
whose decisions a quorum is required of two mem- 
bers, including the chairman, who have the qualifi- 
cation for the office of a judge or superior official of 
the administration, and of three other members. 
Experts who are not members may be invited to 
attend at legal proceedings, but will not be entitled 
to vote. 

Patents will be granted for new inventions which 
admit of industrial use, provided they be not con- 
trary to the laws or to public morals ; inventions of 
articles of food, medicines, and substances produced 
by chemical process, will not be patentable, save in 
so far as they relate to some particular method of 
producing such articles, An invention will not be 
regarded as new, if at the date of the application 
it Eas already been described in any printed publi- 
cation, or publicly used in Germany in such a 
manner as to enable other persons skilled in the 
particular trade to exercise it. The first applicant 
will be entitled to a patent, but his claim will not 
be valid if it be proved by an opponent that the 
essential contents of the application have, without 
permission, been taken from the descriptions, draw- 
ings, models, implements, or arrangements of the 
latter, or from a method of manufacture used by him 
A non-resident in order to advance his claim to the 
grant of a patent, or to the rights resulting therefrom, 
is bound to appoint a representative resident in Ger- 
many, who is authorised to act in all proceedings by 
virtue of the Patent Law, as well as in civil lawsuits 
concerning the patent. The granting of patents, 
their annulment and revocation, will be vested in the 
Patent Office. The application for the grant of a 
patent must he made in writing to the Patent Office, 
a separate application being required for each inven- 
tion. The application must contain the petition, 
and must point out in a precise manner the subject- 
matter to be patented. In a separate form the in- 
vention is to be so described as to enable other 
persons versed in the particular trade to which it 
relates to employ it. 1 the documents are to be 
in the German language, and the description is to be 
accompanied by the necessary drawings or other re- 
presentations, models, and samples. Up to the 
time of publication of the application the — 
cation may be amended or altered, Should an 
application be informal the defects will be pointed 
out to the applicant, who will have an oppor- 
tunity of amending it, but should he fail to do so 
within the prescribed time, the application will be 
rejected. Where the Patent Office considers that 
the application has been made in due form, and that 
there is no apparent objection to the granting of a 
patent, it will order the application to be published, 
and from the date of publication the invention will 
be provisionally protected. Where the office is of 
opinion that the invention is not ag erp either 
because it is incompatible with the laws or public 
morals, or is for an article of food or medicine, or a 
substance produced by chemical process, the appli- 
cation will be rejected. The Reichsanzeiger will 
publish once the petitioner’s name and the chief 
points of his claim. At the same time the applica- 
tion and accompanying papers will be open to public 
inspection at the Patent Office, and a notice will be 
inserted to the effect that the subject-matter of the 
application is provisionally protected against un- 
authorised use. After the expiration of eight weeks 
from the day of publication the Patent Office is to 
decide as to the granting of the patent, Until that 
date objections may be lodged, which must be in 
writing, and be ee by arguments, which, 
however, can only be based oy the ground that 
the invention is not new, or that it has been taken 
from the description, &c., of the opporent. Before 
finally deciding, the office may summon both parties 
to attend to be heard; it may also cause the a 
tions to be examined by suitable persons skilled in’ 
some branch of technical science, and otherwise in- 
stitute inquiries for elucidating the matter, Any 
appeal against a decision rejecting an application, 
or refusing or allowing a patent, is to be made 
within four weeks, and on filing the appeal twenty 
marks must be paid. As soon as the granting of a 
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patent has been definitively decided upon, the office 
will cause a notice to that effect to be published in 
the Reichsanzeiger and then issue a document to 
the patentee. If a patent is refused, the fact will 
be publicly notified, and upon the refusal the pro- 
visional protection will be considered as not having 
taken effect, The term of a patent (fifteen years) 
will commence the day following the day of appli- 
cation. If an invention is an improvement upon 
another invention patented in favour of the appli- 
cant, he may apply for a supplementary patent, 
which will expire with the patent for the original 
invention, On the issue of a patent a fee of thirty 
marks will be payable, and, except in respect of 
supplementary patents, a further fee will be pay- 
able for each patent, at the commencement of the 
second and every subsequent year, amounting in 
the first instance to fifty marks, and increasing by 
fifty marks per annum, for the time of duration of 
the patent. A patentee who proves his want of 
means, may have the payment of fees for the 
first and second years postponed until the third 
year, and if the patent expires in the third year, 
they may be remitted entirely. A patent will expire 
if the patentee resigns it, or if he fails to pay the 
fees within three months at the latest after they 
have become due. The effect of a patent will be that 
no one may without license, manufacture, introduce, 
or sell the article to which the invention relates, 
If the invention relates to a method of manufacture, 
to a machine, or other mechanical contrivance, or to 
a tool or other implement, the patent will moreover 
have the effect of prohibiting any one from apply- 
ing such method or using the article to which the 
invention relates without permission of the inventor. 
A patent will have no effect against a person who, 
at the time the patentee made his application, had 
already been using the invention in Germany, or 
who had made the necessary preparations for using 
the same, nor will a patent extend to prevent the 
use of any invention, by order of the Imperial 
Chancellor, for the army or navy, or in the interest of 
public welfare. In such a case the patentee will, 
however, be entitled to adequate compensation by 
the empire or the state in whose special interest a 
limitation of the effect of the patent has been applied 
for. The amount of such compensation is to be 
fixed by a court of lawin case an agreement cannot 
be arrived at. A patent will not extend to prevent 
the use of improvements in means of conveyance 
(Fahrzeuge) which go but temporarily within the 
boundaries of the empire. 

A patent will be annulled if it is found either that 
the invention was not patentable in the sense already 
referred to, or that the essential contents of the 
application had, without permission, been taken 
from the descriptions, drawings, models, implements, 
or arrangements of another person, or from a 
method of manufacture used by another. More- 
over, a patent may be revoked after the expiration 
of three years, 1. If the patentee fails to carry out 
his invention in Germany to a suitable extent, or 
to do everything that is necessary to insure its being 
carried out; or, 2, if the grant of license to others 
to use the invention appears to be necessary in the 
public interest, but the patentee nevertheless re- 
fuses to grant such license, although offered 
adequate compensation and sufficient security. 
Whoever knowingly infringes will be liable to a 
fine not exceeding 5000 marka, or imprisonment 
for a term not exceeding one year, and to pay 
damages to the aggrieved party. Penal proceed- 
ings will only be instituted on motion being made 
to that effect. If judgment be passed in penal 
proceedings, the aggrieved party will be autho- 
rised to publish the judicial decision at the ex- 
pensé of the defendant. The manner of publica- 
tion and the time within which the same must be 
effected are to be fixed in the decree. Instead of 
damages the court may, on request o: the aggrieved 
party, order payment, in addition to the ordinary 
fine, of compensation not exceeding 10,000, marks. 
For this amount all defendants will be jointly liable. 
The term within which an action for infringement 
may be brought is limited to three years from the 
date of any single breach in respect of which such 
action may be brought. 

Such are some of the provisions of the new law, 
and when it is remembered that a patent under it 
will cover territory containing a population of 
nearly forty-three millions, the advantages likely to 
accrue to inventors will be manifest. ‘There is pro- 
vision for extending existing State patents to the 
rest of the empire subject to preliminary examina- 
tion. 


THE SEWAGE QUESTION. 


In arecent number (see page 366 ante) we gave a 
short outline of the proceeding of a conference on 
sanitary questions, held early this month under the 
auspices of the Society of Arts ; we now propose to 
glance at some of the most important information 
that was gathered by the Council, by inviting 
papers on different branches of the sewage ques- 
tion, We are glad to observe that every authority 
on the subject now admits that there is no known 
method of treatment that will admit of any hope of 
getting profit from utilising sewage of towns. Sewage 
farms have long been declared not only a panacea 
for sanitary evils but also a certain source of profit. 
This delusion is fully dispelled by the report fur- 
nished to the conference in a — by Dr. Alfred 
Carpenter, in which he gives the financial statement 
of the Beddington sewage farm for the year ending 
March 25th, 1877. Here we may remark that this 
farm has been held up asa model for imitation to 
all authorities who purpose to employ irrigation. 

It appears that the difficulty of management 
by an irresponsible committee continues to prevent 
the returns being as large as they ought to be, while 
the expenses are greater. There were difficulties in 
getting a manager, who was not secured till shortly 
before Christmas last. Since then much has been 
done to retrieve past errors. The receipts, however, 
compare favourably with those of last year. The re- 
ceipts for grass, milk, &c., were larger than in 
1875-6. Without entering into details of each 
item of receipts and payments, it appears that out 
of a total of transactions for the year of 9389/. 13s. 
there was a balance of 2227/. 7s. as loss, to the 
debit of the farm. The value of the stock, in- 
cluding horses, &c., on the property of the farm last 
Lady-day, was 5151/. Dr. Carpenter adds that, the 
whole expense to the parish of the farm amounted 
to less than three halfpence in the pound per 
annum, 

It is interesting to note what produce has afforded 
the largest amount of receipts during the past year, 
as a guide to those authorities who propose to adopt 
irrigation. It appears that out of a total of 1675/. 
for sale of vegetables, &c., the chief articles were— 
greens, 299/.; cabbage, 693/.; potatoes, 438/., and 
rhubarb, 115/. In other products, out of a total of 
5105/., milk gave 1144/.; grass, 2468/.; mangold, 
513/., and cows, horses, &c., 869/., including calves ; 
while in cereals, oats gave 31/., and wheat only five 
guineas, 

So much for the financial results of sewage farm- 
ing at Beddington, near Croydon. Colonel Alfred 
Jones, of Wrexham, has arrived at much better 
results. Without entering into minute details it may 
be stated that his farm of 92 acres has given an 
average of 296/. per annum profit for the past five 
years, or at the rate of 214 per cent. per annum on 
the capital embarked ; the profit per acre is thus at 
the rate of 3/. 4s. Mr. Jones has deducted interest 
on capital at the rate of 5 per cent., so that his ac- 
counts present as business-like an aspect as his farm 
does in respect to its success; and he invites a 
thorough examination of his accounts to prove the 
accuracy of his conclusions. 

With these two opposite instances of the results 
of sewage farming, and the almost universal loss 
that has attended that mode of dealing with sewage, 
we feel it impossible to express any opinion. Per- 
haps the best solution of the dilemma may be that, 
while the majority of sewage farms have been con- 
ducted by managers, under corporations or other 
bodies, that of Colonel Jones has been a private spe- 
culation, and consequently his farm has had the benefit 
of that attention which personal interest in its suc- 
cess alone can insure, In this, as in most other cases, 
companies entirely fail, while private firms reap 
fortunes in precisely identical commercial pursuits, 
Dr. Voelcker contributed some valuable facts in 
respect to the agricultural and commercial values of 
prepared night-soil manure. We have not space to 
give the details of his paper. Suffice it to state, that 
while some companies and private individuals have 
reported that they have produced a manure from 
human excreta worth from four to six pounds per 
ton, Dr. Voelcker estimates the value of most night- 
soil manures at not exceeding fifteen shillings per 
ton. He adds that the manufacture of portable in- 
odorous night-soil manures, and their sale at prices 
which can stand a fair comparison with the market 
value of ordinary farm-yard manure, entails a con- 
siderable loss, which probably amounts to not less 





than one shilling per head in most places. 
For the present we cannot enter into the question 


above stated. Admitting the accuracy of Dr. 
Voelcker’s deduction, it would follow that the whole 
of the dry methods of treating refuse must be accom- 
panied with a loss. But at present our knowledge 
of the actual value of either or all of these methods 
is of a very slight nature. The experiments carried 
on have been but few, and only in special localities. 
Of course the expense of carriage of any artificial 
manure is great compared with that of the cartage 
of stable dung, &c., in the farm where it is produced 
and used. Therefore artificial manures must neces- 
sarily be extraordinarily rich in their fertilising 
powers to countervail this disadvantage of carriage. 

Mr. Gilbert R. Redgrave contributed a valuable 
paper dealing with the above question in the form 
of a report on the pan, pail, and midden systems of 
disposing of dry sewage. He remarks that the true 
key-note to success in the preparation of saleable 
manures, either from excreta or from any form of 
nitrogenous matter, is concentration. He adds that 
the mixed ashes and excreta of the unimproved 
midden system are everywhere becoming a gigantic 
nuisance, Mr. Redgrave discussed the various 
methods adopted in Manchester, Oldham, and 
Birmingham, by each of which a concentrated 
manure is obtained of great value. 

The Secretary of the Society of Arts, Mr. P. Le 
Neve Foster, furnished notes on the treatment of 
sewage at Manchester, Salford, and Birmingham. 
It appears that there are some 67,000 houses in 
Manchester, but only 10,000 closets. There are 
also 28,000 closets on the cinder-sifting principle, 
and 14,000 of the old middens in existence, but the 
latter are being gradually got rid of at the rate of 
about 200 per week. The improved closet is either 
put up by the owner or by the Corporation, which 
supplies them at the rate of four guineas each com- 
plete. By the side is a cinder-sifting arrangement, 
by means of which the fine ashes fall into the pail 
or tub, while the coarser parts fall on the floor 
below, and are ready for use again asfuel. The 
pails and excreta are collected at intervals of not 
more than one week, and carried away in vans 
specially constructed for the purpose, and prevent- 
ing all smell. On arriving at the yard the pails 
are emptied into vessels, and the contents treated 
with sulphuric acid or sulphate of lime to fix the 
ammonia, ‘The urine is separated by strainers from 
the solid matter to undergo reduction in bulk in a 
**concentrator.” It is subsequently passed into a 
** concretor,” the invention of Mr. Alfred Fryer, and 
greatly reduced in bulk. At last it is mixed with 
animal offal of all kinds, and can be sold to any ex- 
tent to farmers, who purchase it at the rate of 
12s. 6d. per ton. The house dust and similar refuse 
is dealt with so as to be productive of money. Itis 
separated into different classes. At Salford an im- 
proved midden system has been adopted. At Bir- 
mingham General Scott’s process is used for the 
sewage. There are about 8000 water-closets, 20,000 
pail-closets, and a still larger number of middens 
and privies. The contents of the pails are collected 
in a similar manner to those of Manchester, and the 
night soil and ashes in the ordinary carts. The 
whole is brought together in yards, at several 
wharves in the town, where all is mixed, pail stuff 
and ashes, the product being sold to farmers at the 
rate of 4s. 6d. per ton. General Scott has an in- 
genious method, at Birmingham, of dealing with 
dry sewage or pail ‘stuff. The liquids are strained 
off from the solids and treated with calcined dolo- 
mite. The mixture is then boiled and the ammonia 
set free is received in sulphuric acid, thus forming 
sulphate of ammonia. By subsequent treatment a 
manure is finally produced that it is stated is sold 
at 6/. 10s. per ton, dependent on its value as con- 
taining ammonia and phosphates, and affording a 
profit of about 33 per cent. 

As a specimen of the result of the treatment of 
sewage by precipitations, the paper by Mr. Melliss, 
formerly engineer, &c,, to the now defunct General 
Sewage and Manure Company, claims notice. This 
company undertook Coventry and Nuneaton. The 
works erected at the former place were of the most 
complete character, the machinery and drying plant 
furnished by Messrs. MiJburn and Co., of Hatcham, 
were of the most efficient character, and the pro- 
cess was that of Dr. Anderson. In fact, the whole 
arrangement was such as promised to give a com- 
plete and impartial trial of the treatment of sewage 
by precipitation. The plan is now carried on by the 
Rivers Purification Association. Mr. Melliss fur- 
nished the following particulars in regard to the cost 
of treating the Coventry sewage by Anderson’s 





process. ‘The chemicals used per day are two tons 
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of crude sulphate of alumina, made at the works, 
and half a ton of lime. The cost of these ingre- 
dients is 3/. 8s., or at the rate of 1/. 14s. per million 
gallons of sewage. The cost of the whole under- 
taking, inclusive of rent, interest, management, 
labour, materials, &c., for August, September, and 
October, 1876, was 862/., of which coal cost 1152, 
chemicals 246/., labour 219/., management 50/. ; 
interest at 5 per cent. on 12,0002. amounted to 150/., 
the remainder being incidental expenses. It thus 
appears that the annual cost is 3446/., or 4/. 14s. per 
million gallons, giving a charge of about ls. 84d. 
per head of population. If the market value of the 
manure, as estimated by Dr. Voelcker, be realised, 
a sum of 832/. per annum would be obtained, re- 
ducing the annual cost to 2614/. Mr. Melliss enters 
into a variety of difficulties that attended the drying 
of the sludge, the Jée noire of all precipitating pro- 
cesses. When dried its theoretical value was esti- 
mated at 35s. per ton; mixed with phosphate of 
lime and other fertilising agents, it produced a 
manure estimated at from 4/, to 5/. per ton in value ; 
and, lastly, the precipitate, in a semi-dry state, was 
sold to the farmers at a price which rendered it a 
little cheaper than stable manure if applied to ad- 
jacent grass lands. 

We have chosen the preceding papers for notice 
simply because they afford information on each of 
the methods of treating sewage, house refuse, &c., 
now chiefly-in use in the country. Many other 
papers contributed to the conference were of equal 
interest, but are rather expressive of opinions than 
giving fresh facts. Itis evident from what has been 
stated that, as a rule, not one process extant is 
capable of affording a profit ; consequently, autho- 
rities who are seeking some method to treat their 
sewage, must be prepared to face a loss, and to 
incur a rate for every plan that can be adopted. 
This conclusion is certainly a disagreeable one, but 
it cannot be avoided. ‘The boldest advocate of any 
scheme yet propounded is now compelled to show 
by facts and figures that sewage cannot be treated 
so as to pay the expenses; hence a pernicious delu- 
sion which has long been entertained is now a 
exploded. The dry and wet methods have eac 
the disadvantage that they introduce material, 
useless in itself to the land, and yet which is costly 
in itself and its carriage. Neither water, earth, or 
ashes are worth cartage beyond the limits of an area 
of a few miles of the place where they have been used 
or produced. Hence the whole question of sewage 
treatment by any known method resolves itself 
simply into the choice of the most economical plan 
as demanded by tife peculiar circumstances of the 
place whereon it is to be applied. The result of the 
labours of chemists, engineers, and others during 
the past quarter of a century is disheartening, but 
it has the enormous advantage of preventing any 
future financial mistakes. The difficulty in all its 
aspects is now fairly placed before us ; we are fenced 
against future errors, and consequently future pro- 
gress, although it may be slow, will proceed on 
firm grounds, and consequently become sure and 
efficient in its end, 

For these reasons, the past conference will neces- 
sarily be of great value. It has collected a variety 
of valuable facts, dispelled the illusions that have 
perplexed all classes of persons interested in sewage 
and sanitary questions generally, shown the fallacies 
that have led to the formation, and total or partial 
failure of sewage companies, and furnished local 
. authorities with a guide to the choice of efficient 
and economical plans, by showing the mistakes of 
those who have hitherto been led astray by interested 
ignorant schemers. 

We shall reserve for another opportunity remarks 
on the papers dealing with the escape of sewage 
gases into houses, as also notice of the various ap- 
pliances for preventing that and other evils, as shown 
in the exhibition of sanitary appliances during the 
conference. 








THE WESTINGHOUSE AUTOMATIC 
BRAKE. 

Tue directors of the North-Eastern Railway Com- 
pany, who have shown themselves strongly in favour 
of adopting the, most efficient and reliable con- 
tinuous brake, upon their extensive réseau, carried 
out on Friday last a series of carefully conducted 
trials between the Central Station, Newcastle, and 
Tweedmouth, over a line having gradients varyi 
from level to 1 in 170. The train consisted of twelve 
carriages, blocks being fitted to both sides of each 
wheel of all the vehicles, excepting on the experi- 





mental van, which contained the speed indicator 
employed on the recent North British trials, and 
fitted up in a similar manner with electrical com- 
munication with the engine-driver. As will be seen 
from the subjoined Table, three modes of stopping 
the train were tried, the majority of stops, however, 
being made by the driver on a signal from the van. 
In one instance the train was stopped from the 
rear guard’s van, steam being kept full on, and in 
another instance the eight rear carriages were 
slipped at a speed of 474 miles an hour, and the 
brakes thrown on to each part of the train auto- 
matically. Of course, in this instance, also, the 
steam was not shut off. 

The following Table gives the records of fifteen 
stops made at speeds rising from 37} to 64 miles per 
hour. They are arranged not in the order in which 
they took place, but according to the speed reached. 
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* Steam full on during stop. 

+ Steam full on. Rear portion of train stopped 173 ft. to rear of 
front part of train. 

t Brake not applied till train had run 100 ft, after signal had been 
given and indicator started. 


These trials are of special interest, forming as they 
do a sequel to those on the North British Railway, 
when for the first time absolutely reliable data on 
the performance of the brake in this country was 
obtained by means ofthe indicator diagramstaken. We 
may mention that the accuracy of the instrument was 
carefully tested before the trials, and the diagrams 
taken corresponded closely in character with those ob- 
tained on the North British trials and published by us 
in our issue of January 5th last. As on that occasion, 
the remarkable promptness in action of the brake 
was clearly demonstrated, by the diminution in speed 
almost immediately after the signals to stop had 
been given. But during the North British trials, 
the speeds were comparatively low, only reaching 
56 miles an hour, on one occasion, and ranging, for 
the purpose of comparison, between 29.5 and 54 
miles; whereas, on the North-Eastern Railway, 
64 miles an hour was attained, and nine of the 
stops recorded were made from above 50 miles an 
hour, ‘The North-Eastern train was, moreover, fitted 
with two blocks to every wheel, and in all respects 
the appliances were as perfect as they could be made 
for every-day service. As will be seen from the 
above Table, the results obtained far exceed any- 
thing that has been reached before. Thus, during 
the experiments on the Midland Railway in June, 
1875, the best stop made by the Westinghouse 
automatic ata speed of 50 miles an hour was in 777 ft, 
(no other brake on that occasion came near this 
result), During the North-British Railway trials 
at the same speed, exactly the same distance was run, 
while on the North-Eastern Railway, the other day, 
the train at 50 miles an hour was brought to a state 
of rest in 610 ft. on a down gradient of 1 in 754. 
Nor was this by any means an exceptionally good 
stop, as will be scen from the Table. Even if we 
compare this absolutely reliable performance with 
the results said to have been obtained with the 
vacuum brake on the Midland Railway, see page 250 
ante, but which were deduced from observation, not 
by instrumental record, we find a large difference 
in favour of the automatic. Thus the vacuum train 
at the estimated speed of 50 miles an hour stopped 
in an estimated distance of 705 ft., against the 
610 ft. of the automatic, or 95 ft. more ; at 53 miles 
an hour in 810 ft., against the Westinghouse at 
524 miles an hour in 665 ft. on a down gradient of 
1 in 246 ft., being 145 ft. less distance than the 
vacuum, and soon, ‘These trials show most con- 
clusively that the recommendation of the Railway 
Commissioners to the effect that such continuous 





brakes should be employed on our railways as shall 
enable a train to be stopped under all circumstances, 
and at the highest rate of speed, within a distance of 
500 yards, was one easily within the limits of every- 
day practice, 
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Practical Tunnelling. By Frepmrick WALTER Simms, 
C.E. Third Edition, revised and extended with addi- 
tional chapters illustrating the recent practice of tunnel- 
ling as exemplified by the St. Gathard, Mont Cenis, and 
other modern works. By D. KINNEAR CLARK, M. 
Inst. C.E. London: Crosby Lockwood and Co. [Price 


30s. 
rl Lockwoop have we think done well in 
brioging out this new edition of Mr. Simms’ well- 
known treatise. In this new edition, the portions 
derived from the older work—namely the descrip- 
tions of the Blechingley and Saltwood tunnels—are 
admirable of their kind, while the additional 
chapters by Mr, Clark, containing as they do 
numerous examples of modern practice, bring the 
book well up to date. The volume commences 
with an introductory chapter by Mr. Clark, in which — 
he gives some historical facts and describes the 
general method of procedure in tunnelling, and 
then come the descriptions of the Blechingley and 
Saltwood tunnels already referred to—descriptions 
which are models of clearness and completeness, but 
which are too well known to require detailed notice 
here. We shall only say, therefore, that the 
statistical matter scattered through Mr. Simms’ 
original work has in the present edition been 
collected and formed into an independent chapter 
so that it may be more readily referred to. Then 
come the additional chapters contributed by Mr, 
Clark, these forming about half the bulk of the 
volume before us and being of considerable interest, 

In the first of these additional chapters Mr. 
Clark deals generally with the different modes of 
driving tunnels, and describes the differences 
between what is known on the Continent as the 
English or German system, in which the leading 
heading is driven at the floor level, and the French 
or Belgian system, in which a top heading is first 
driven, the excavation being made from this level 
downwards, and he points out that these so-called 
systems are not at the present day specially 
characteristic of the practice of engineers of dif- 
ferent nationalities, but are used by them indif- 
ferently, as the circumstances of each case may 
render advisable. In this chapter the author also 
adverts to the modes of obtaining additional work- 
ing faces by sinking shafts or driving adits from the 
side of the hill through which the tunnel is to pass ; 
but in addition to these modes of procedure we may 
instance that followed in the case of the Grammont 
tunnel, on the Braine-le-Compte Railway, Belgium, 
where, owing to special circumstances, it was found 
desirable to obtain extra working faces by first 
driving a small supplementary tunnel parallel to, 
and about 20 yards from the centre line of the 
main tunnel, and then driving adits from this 
gallery to the line of the main tunnel at four points. 
We may mention by the way that the driving of 
this Grammont tunnel possessed other features of 
interest, and we may suggest that Mr. Clark should 
include a description of it in any future edition he 
may have to prepare of the work now under notice, 

Mr. Clark’s next chapter treats of casualties in 
tunnelling, and records some interesting instances of 
mishaps and the modes of pre aes | them, while 
next we have descriptions of the Buckborn Weston, 
and Lydgate tunnels, and then a chapter devoted to 
the enlargement of railway tunnels, the modes of. 
procedure in the cases of the Stapleton and Lindal 
tunnels being described as examples of this class of 
work, ‘ Open” tunnels, or those which are con- 
structed by opening up the ground to the surface 
and then closing it in again, are next dealt with, 
descriptions being given of the Moseley tunnel and 
the various tunnels on the line of the Metropolitan 
District Railway, and then Mr. Clark proceeds to 
give three chapters treating of tunnelling in hard 
rock, accounts being given of the tunnels on the 
aqueduct of the Glasgow Water Works, the 
Clifton tunnel, and the great works at the Mont 
Cenis and the St, Gothard. Next we have chapters 
giving particulars of cost of works, and lastly, an 
interesting chapter on the ventilation of tunnels, in 
which, however, curiously enough, we find no re 
ference whatever to the most prominent example of 
artificial tunnel ventilation in this country —or pro- 





bably anywhere—namely, the arrangements carried 
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out by Mr. Ramsbottom at the London and North- 
Western tunnel at Liverpool.* 

Mr. Clark’s descriptions of works are very clear 
and concise, and they are illustrated by a number of 
folding plates, which, although not equal in finish to 
those illustrating the older portion of the work, are 

et clear and sufficiently detailed. Altogether the 
book is a useful addition to our engineering litera- 
ture, and we may add that it is got up in a style 
which is very creditable to the publishers, and that 
as a specimen of typography it leaves nothing to be 
desired. 





A Handbook of Hygiene and Sanitary Science By 
Grorce Wiuson, M.A., M.D., and C.M. (Edin.), 
F.C.S. Third Edition, greatly enlarged, and in many 
parts rewritten.. London: J. and A. Churchill. 

Dr. Wilson defines public hygiene as ‘that branch 

‘of sanitary science which concerns the physical 

*¢ condition of communities,” and he goes on to say 

that it ‘*‘embraces a consideration of the various 

“influences acting upon society, whether for its 

** material good or its actual deterioration, with a 

‘* view of extending the former, and preventing or 

** ameliorating, as far as possible, the effects of the 

** latter. It involves the enactment of laws by which 

‘* the safety of the whole may be protected against 

‘* the errors of a part, and, above all, it aims at the 

‘* prevention of disease by the removal of its avoid- 

‘* able causes.” ‘Taking as he does this broad view 

of public hygiene, Dr. Wilson has had to include in 
his handbook a wide range of subjects, but by avoid- 
ing all diffuseness, and by carefully guarding against 
any tendency to dilate upon particular hobbies—a 
but too common fault with many writers on sanitary 
matters—he has managed to produce a very useful 
book within a very reasonable compass. The great 
variety of subjects dealt with by our author will 
however prevent us from giving anything more than 
a general survey of his labours. 

Dr. Wilson commences with an introductory 
chapter on public health and preventable disease, in 
which he treats his subject under three headings, 
namely, hereditary influence, the causes of deteriora- 
tion and disease, and preventable disease, and in the 
course of his remarks he directs special attention to 
the bad effects which but too frequently arise from 
injudicious or unsuitable marriages. The next 
chapter treats of food, our author explaining first 
the constituents and functions of food, and then 
going on to consider the relation between food and 
work, and the construction of dietaries, preserved 
foods, the examination of foods, and the effects of 
insufficient orunwholesome foods on the public health, 
As an example of Dr. Wilson's style, we may quote 
here, from the section dealing with the examination 
of food, his remarks on butter. He says: ‘“‘ Butter 
‘should give no unpleasant or rancid taste, 
** Adulteration with water or animal fats is best 
‘* detected by melting the butter in a test-tube ; the 
‘* water, salt, or other substances remaining at the 
‘* bottom. After separation of the caseine by melting, 
* good butter is entirely soluble in ether at 65 deg. 
«Fabr., while the fat of beef or mutton dissolves 
“with great difficulty, and leaves a deposit, 
* Adulteration with potato or other starch can be 
** at once detected by iodine. 








‘deposit of water or other substance.” 


water, and the effects of impurities. 
remarks on the im 


ing, which form the subject of the next chapter. 


i Good butter, when all else was in perfect order, could scarcely fail. The 
‘¢ melted, should yield a clear-looking oil, with little sulphuric acid fuze consists simply of a small glass 
- tube or globule surrounded by a mixture of chlorate 
The next three chapters treat of air, and deal re- | of potash and finely pulverised loaf-sugar, the glass 
spectively with its impurities and their effects, venti-| yegse] being so arranged as to be broken on the con- 
lation and warming, and the modes of examining | gyssion of a passing vessel with the torpedo. The 
air and ventilation; while Chapters VI., VII.,| action of the fuze is as follows: When sulphuric 
and VIII. relate to water, and treat of its sources of | acid is allowed to fall on chlorate of potash and loaf- 
supply and its purification, the modes of analysing sugar, mixed in equal parts, a yellowish gas is 
Dr, Wilson’s | eyolyed which is very ik 

portance of pure air and water posed at a very moderate temperature ; this action is 
are well worth reading, as are also his notes on the | instantaneous when the chlorate of potash and white 
construction of dwellings and the evils of overcrowd- sugar are thoroughly incorporated, the first contact 
. . _| of the acid developing the explosive gas, while at the 
Chapter X. treats of hospitals, ow author dealing| same time sufficient heat is evolved to cause the 
first with ‘ pavilion hospitals” next with “cottage | sugar to take fire, and the combustion once started 
hospitals,” and finally with hospitals for cases of | goes on with a rapidity nearly equal to that of gun- 
infectious disease, his remarks including much sound powder. 
advice, and comprising some interesting particulars mixture one-third of ferro-cyanide of potassium an 
of the cost of existing hospitals constructed on diffe- explosive compound, as rapid in its action as that of 


improved drainage and sewerage arrangements 
on the public health. In the course of his general 
conclusions our author says: ‘‘ Wherever it is prac- 
‘‘ ticable the sewage should be purified and utilised 
‘* by the process of irrigation, or, where sufficient 
‘¢ land cannot be procured, by intermittent down- 
‘ward filtration. Purification by either process 
‘« will be greatly assisted by previously treating the 
‘“‘ sewage according to one or the other of the most 
‘“‘ approved precipitation processes,” and the view 
here taken will we think commend itself to most 
who have studied the subject. 

The remainder of the work under notice is de- 
voted to a consideration of preventive measures, 
disinfection, and the duties of medical officers of 
health, an appendix being also given containing a 
number of official memoranda and other data of value 
for reference. Altogether Dr. Wilson’s “ hand- 
book” is a very useful volume, which deserves to be 
generally read, and which will be of special service 
to those endeavouring to introduce sanitary im- 
provements in rural districts. 





Graphical Analysis of Roof Trusses, for the use of En- 
gineers, Architects, and Builders. By CHARLES E. 
GREENE, A.M., Professor of Civil Engineering, Univer- 
sity of Michigan. Illustrated by three folding plates. 
Chicago: G. H. Frost. 

The volume before us consists of a reprint of a 

series of articles which appeared in our American 

contemporary, the Engineering News, and although 
it contains little that is novel, it is well worthy of 
notice on account of the admirable clearness with 
which its author has treated his subject. The work 
is divided into eight chapters, treating respectively of 
general principles; ‘‘‘Trusses under Vertical Forces;” 

‘* Trusses with Horizontal Thrusts;” ‘‘ Trusses for 

Flat Roofs ;” ‘‘ Forces not applied at the Joints ;” 

‘‘ Wind Pressure ;” ‘‘ Bending Moment and Moment 

of Resistance ;” and ‘‘ Load and Details ;” and in 

each section the subject is concisely but completely 
dealt with. Altogether Professor Greene has pro- 
duced an excellent little manual which we can 
decidedly recommend. 
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NOTES ON TORPEDOES.—No. XVII. 
MATHIESON’s MECHANICAL TORPEDO, 

MArHIEson’s mechanical torpedo cannot be said 
to have embodied in its design anything particularly 
striking or novel; the method of ignition, namely, 
the sulphuric acid fuze, being the same in principle 
as that employed by the Confederates during the 
late American war, and previously by the Russians 
in the defence of the ports of the Baltic. No very 
brilliant results appear, as far as we can learn, to 
have eventuated from the use of this particular mode 
of ignition, though a large percentage of the failures 
that have occurred where it has been employed are 
traceable to causes independent of the fuze, which, if 





osive, and becomesdecom- 


Although Mr. Mathieson cannot claim origi- 
nality for his firing arrangement, he is certainly 
deserving of praise for the general neatness, 
combined as it is with cheapness, of the entire 
torpedo. It consists of a conical-shaped case for 
containing the explosive, which in this, as in 
other light buoyant mines, is 100 lb. of gun- 
cotton ; to the small end of this case is rivetted a 
cast-iron cap with mooring-ring, while to the top 
is attached, by means of three angle irons, a circular 
wood disc for receiving the concussion of a passing 
ship, a cast-iron mouthpiece for receiving the primer 
being rivetted to a suitable opening in the centre. 
The wood top which projects all round, about 
three inches, is made uniform with the case by 
dowelling together a number of wedge-shaped seg- 
ments of wood and encircling the case with them 
immediately below the wood top, so as to give to 
the whole thing a neat and symmetrical appearance. 

The primer consists of a brass tube having affixed 
to a projection on a diaphragm at the bottom of 
the tube, one extremity of a thin lead tube, to the 
other extremity of which is secured a brass spindle 
carrying a lead weight or ball ; round the outside of 
this tube again is a flexible india-rubber tube 
employed for the purpose of preventing any 
water finding its way into the internal parts. 
When the primer is required for service a thin glass 
tube filled with sulphuric acid, and hermetically 
sealed at both ends, is slipped into the lead tube, 
the interstice being filled in with a mixture of 
chlorate of potash and white sugar; a small fuze 
arrangement filled with gunpowder is then screwed 
into the opening, the fuze being then covered with 
a bursting shell containing the requisite bursting 
charge. 

It is easy to understand that on the torpedo 
being struck it would heel violently, while the weight 
affixed to the spindle surmounting the leaden tube 
would by reason of its inertia tend to remain stand- 
ing there, by bending the leaden tube and so causing 
the fracture of the thin glass tube within it, when 
the sulphuric acid contained in the glass tube by 
flowing on to the mixture of chlorate of potash and 
loaf sugar, would cause ignition first of the sugar, 
then by the powder in the fuze and bursting charge 
of the mine itself. 

Fig. 86 of the annexed illustration represents one 
of these torpedoes moored in position. A is the tor- 
pedo, B a length of Bessemer steel wire-rope propor- 
tionate to the depth of water in which the charges 
are to be placed, C a mooring lump or anchor weigh- 
ing about 3 cwt., and D achain for lowering the 
anchorjinto position. Fig 87 gives a sectional ele- 
vation of the torpedo complete. A is a No. 18 
B.W.G., galvanised iron case 24 in. in diameter across 
the shoulders, 6 in, diameter of base, and 30 in. high. 
Bis a wood disc 30in. in diameter and 4 in. thick, 
affixed to the top of the case by means of the angle 
irons C C C, which are rivetted to its sides, The 
segments forming the collar D are affixed to the 
under side of the wooden top, as shown, and then 
the whole thing is placed in a lathe and the collar 
turned conically until it meets the case about 10 in. 
below the wooden top. Eis gun-metal or cast-iron 
mouth about 4 in. in diameter, and screwed to re- 
ceive the primer ; F G is a cast-iron cap ; H the moor- 
ing-ring; and I I Tare three hooks for lowering the 
torpedo into position; they are rivetted, as shown, 
to the wrought-iron hoop J. Fig. 88 is a plan of the 
top, and Fig. 89 a plan of the bottom. Fig. 90 is an 
enlarged sectional view of the primer. A is the gun- 
metal mouthpiece, B a brass tube soldered to it, C 
a brass diaphram to which is secured the lead 
tube D, and E a brass spindle affixed to the other 
extremity of the lead tube. Surrounding this tube 





D is a flexible india-rubber tube F, while inserted 
within the lead tube is a thin hermetically sealed 


glass tube G containing the sulphuric acid ; H is the 
powder fuze, or chamber, and f 

J is a brass covering cap employed for the purpose 
of guarding the spindle E, on which is placed the 
ball K, from accidental contact with other hard 
Indeed, by simply adding to the foregoing | substances during transport and while in store. L 
is the patent safety collar for holding the spindle 
rigid until the torpedo is moored and the boats all 
clear, This collar is soluble in water, being manu- 


the bursting shell. 








rent systems. Next Dr. Wilson devotes three gunpowder, would result. 
chapters to sewage matters, and in the course of 76/ " Mathieson’s adaption of the sulphuric acid fuze is | factured from equal parts of chalkand sugar heated 
pages he has managed to give an admirably concise | in almost every respect the same as Professor Abel's | over the fire“until they assume a liquid state, when 
view of the present aspect of the whole subject, | «torpedo primer,” the only difference being that,| the mixture is poured into moulds of the required 
dealing first with the different modes of removing | whereas the ignition in Abel’s arrangementis brought | diameter and depth, and left to cool. After they 
sewage matters, then with the principal system of | shout by tension, applied to a line connecting the | have become thoroughly hard they are taken from 
treating such matters, and finally with the effect of | »rimer with the shore or with buoys, in Mathieson’s|the moulds and fitted into the primers, the brass 


Particulars of these arrangements wi it is effectuated mechanically by the inertia of a dead| covering cap J protecting them from the chemical 
284 and 286 of <! eleventh anions “6° | weight or ball. y action of the atmosphere, These collars when made 
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about in. thick, take something like three-quarters 
of an hour dissolve. 
When the torpedo is required for use it is taken 


from the storeship on board the launch which runs: 


alongside to receive it, the anchor is then attached, 
the brass cap removed, and the bali screwed into 
its place on the upper part of the spindle, a per- 
forated disc is finally placed over the circular open- 
ing in the wood top for the purpose of preventing 
rubbish of any kind from getting into the cavity 
round the ball and choking its action. 

Fig. 91 is a plan of the top of the apparatus and 
Fig. 92 a sectional plan on the line # y. 


McEvoy’s MEcHANICAL TorRPEDO. 


The most efficient mechanical torpedo yet intro- 
duced is beyond all question that patented by Cap- 
tain C. A. McEvoy, August 7th, 1875. It has, 
however, one objection, namely its cost, and this 
objection has hitherto and will no doubt still prove 
of sufficient importance to preclude their general 
adoption. If, however, this difficulty can be over- 
come ; if the obviating of it is in any way practi- 
cable ; if itis indeed possible to embody in one inven- 
tion these two important requirements—cheapness 
and absolute efficiency ; then, and we fear not until 
then, will its — become general. 

The mechanical exploder to which we allude con- 
sists of a ball-and-spindle arrangement so contrived 
that the oscillation of the ball and spindle—the 
sensitiveness of which may be readily adjusted— 
shall free a small hammer of the nature of a gun- 
lock, thereby. causing detonation and exploding the 
charge whenever the ball or weight is swung over to 
one side, The spindle carrying the ball is mounted 
somewhat similar to the spindle in his improved 
circuit-closer, but in this case is provided with a 
safety rod and locking pin for retaining the ball 
rigid so as to allow of the torpedo being moved 
with safety. The lower end of the spindle has 
jointed to it, by a ball-and-socket joint,a rod the 
lower end of which passes through a disc fixed in 
the interior of the enclosing tube; below this disc 
again is another disc upon which is mounted the 
hammer and nipple for causing detonation. 

Fig. 93 represents a sectional view of this appa- 
ratus, from which the mechanism will, perhaps, be 
more readily understood. A is the enclosing shell, 
and consists of two brass tubes fitting accurately, 
one within the other. By turning round the outer 
tube an opening is disclosed by means of which the 
internal parts may be readily examined and ad- 
justed. B are two brass diaphragms fixed to the 
interior of the inner tube A, C is the brass spindle 
carrying the ball or weight D, and regulated by 
the adjusting spring E, F is the locking-rod moving 
in a ball and socket joint at G, H is the hammer, 
and I the nipple, on the top of which rests a small 
striker which rises up through the top of the cover 
as shown. When the hammer is drawn back as 
shown in the illustration, its shoulder comes behind 
the lower end of the rod, and {is retained by it so 
long as the ball keeps in a central position. If, 
however, the torpedo is struck by a vessel and the 
rod ¢ carrying the ball is canted over to one side, 
the rod F is-drawn upwards and the hammer is re- 
leased, The hammer then descends and fires the 


cap, the flash of the cap passes to the charge of | aq. 


the torpedo, and the oon go is exploded, 
Fig. 95 is a plan through wz, and Fig. 94through  y. 
A geo has also beeti taken out by the indefa- 
tigable inventor for a second mechanical torpedo, the 
specifications for both inventions appearing to have 
been drawn out about the same time. 

The ball and spindle is in this case mounted in 
precisely the same manner as in the apparatus pre- 
viously described, and shown in Fig. 93. The me- 
thod of firing, however, is in this arrangement 
somewhat different, a self-acting percussion fuze 
being substituted for the detonating hammer. The 
mechanism in this, as in the foregoing invention, is 
enclosed in a vertical brass tube, and on a flange in 
this tube rests a collar, to which is fixed a hollow 
spindle. ‘This spindle carries at its upper end a 
ball, and at its lower end a powder chamber or fuze ; 
under the flange is a coiled spring which is com- 
pressed by a screw-nut on the spindle, so that the 
collar on the spindle can be pressed down on to the 
flange with any desired pressure, and the tendency 
of the ball to oscillate is thereby controlled. The 
ball at the top of the hollow spindle has around its 
circumference a hor‘zontal groove, which is con- 
nected to the hollow of the spindle by holes bored 
through the ball. This ve is filled with fulmi- 


nate, and the hollow spindle being filled with powder, 





the flash of the fulminate is communicated to the 
powder of the fuze, and thence to the charge 
of the torpedo. Around the inside of the tube is a 
sharp projecting ring at the same level as the ful- 
minate on the ball, but of sufficient diameter for 
the ball not to touch it when at rest. If, however, 
the ball is caused by a blow against the torpedo to 
swing to one side, and this it is free to do, since it 
is only held by the collar and spring, the fulminate 
comes into contact with the sharp ring and is thereby 
exploded, and the flash descending by the powder 
in the-hollow spindle to the fuze explodes it and fires 
the torpedo. 

To enable a torpedo of this description to be 
moved with safety a safety rod is employed. This 
rod passes through a hole in the top of the torpedo 
and enters into a small hole in the top of the ball, 
thereby preventing it swinging from side to side 
when the torpedo is prose. This safety rod is 
pressed outwards by a coiled spring, and its upper 
end is enclosed by a flexible bag or capsule. When 
the torpedo is anchored in position this pin is with- 
drawn by a line, thereby allowing the spindle to rise 
and free the ball. 

In place, however, of employing a locking pin to 
retain the safety rod, the safety rod may be retained 
by a disc of papier-mache in the manner shown in 
Fig. 101. In this figure is a papier-mache disc held 
down by a hollow nut A on to the top of the flexible 
cap B, which covers over the top of the safety rod 
as previously described. The papier-mache disc 
when tightly screwed down keeps the safety rod in 
its place in the ball, but after the torpedo has been 
moored some hours the papier-mache disc softens 
sufficiently to allow the spring which acts upon the 
safety rod to force the rod outwards, thus releasing 
the ball and leaving the firing mechanism in a con- 
dition to explode the torpedo on its receiving a shock. 
The papier-mache disc may be used either alone or 
in combination with a locking pin. 

A sectional elevation of the mechanical primer 
under discussion is shown in Fig. 96; A A are 
the shells or tubes, B a diaphragm on which rests 
the hollow spindle C carrying the ball D; E is the 
horizontal groove containing the fulminate, F the 
sharp contact ring, G the cover, H the safety rod, I 
the safety pin, J the adjusting spring, K the 

owder chamber, L the flexible bag or capsule, and 
ory coiled spring for pressing outwards the safety 
rod H. 

Fig. 101 is a plan ‘on the line X N, Fig. 97 a 
lan on the line x U, Fig. 98 a plan of top, and 
ig. 99 a plan of the safety pin. 

The employment of a disc of papier-mache for 
rendering mechanical torpedoes al whilst they are 
being moored is said to possess many advantages 
over the use of soluble cement, owing to the 
fact that papier-mache does not dissolve, but simply 
softens ; this peculiarity, itis claimed, gives it greater 
durability and firmness, and renders it is less liable 
to be affected by moisture during transportation. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

oa Pig-Iron Market.—The prices of pig-iron war- 
rants fellon Thursday last from 54s. 6d.to 54s. 14d. perton. On 
the following morning the market opened dull, at a decline 
of 14d. per ton, but improved, and closed almost at Thurs- 
y’s prices. Business was done during the forenoon at 
54s. lid. to 548. 3d. cash, the market closing sellers at the 
higher and buyers at the lower figure. In the afternoon, 
54s. 14d. cash and 54s. 4d. one month were paid, and the 
final quotations were—sellers 54s. 3d., and buyers 54s. 2d. 
cash. Onthe week there was a reduction of 1s, and 
makers generally reduced the price of their brands from 
6d. to 1s. perton. As mye: ty was Whit Monday, it 
was held as an entire holiday the iron merchants. 
Yesterday’s market was steady in the forenoon, when busi- 
ness was done in warrants at 54s. 4d, prompt cash, the 
market closing with sellers over, buyers offe: . 3d. 
In the afternoon 54s. 44d. fo days was paid, and the 
market closed—sellers 54s. 6d., buyers 54s. 44d. The 
market was very firm this forenoon, when a good business 
was done in warrants at 54s. 7d. to 54s. 8d. prompt cash, 
closing with buyers at the lower and sellers at the higher 
figure. There was a quiet market in the afternoon, and 
business was done at Ss. 03d. cash, closing—buyers 54s.'6d., 
sellers 54s. 7d. A decidedly flat tone has set in during the 
past week or so, very little activity being shown, and the 
amount of business ing being very small. The pro- 
spective and now, toa certain extent, actual lock-out of 
e workmen in the Clyde shipbuilding yards, coupled with 
the willingness of makers to meet the views of buyers, has 
exercised a adverse influence, and the result been 
withdrawal of all buying — where beg o could 
means be postponed. ipping iron been very 

Kittle tn inquired for, and the pure. 2 for home consumption 
us well as for shipment, has been disappointing. The 
pees present is not quite so good it has been. 





P) 
as 
] » however, it is reported that in some 
instances several of the largest makers of pig iron have 








been relieved from storing, as the sales during the t 
month have been quite equal to their fullest arobeethen. 
An additional blast furnace has been blown in at Lang! 
Iron Works, thereby bringing w the number of furnaces 
in blast to 114, as against 116 at the same time last yoar. 
The deliveries of pig iron into store last week only 
amounted to 689 tons, the total amount of iron with Messrs. 
Connal and Co. on Friday night being 136,566 tons. Last 
week’s shipments amounted to 11,547 tons, as against’ 
9510 tons in the corresponding week of last year. 


Manufactured Iron, — The higher-priced brands of 
finished iron have been reduced ae 10s. per ton this 
week, but otherwise prices are tered. The demand 
does not seem to have been to any extent increased by the 
drop in price. Most of the mills are being kept constantly 
at work. Stocks of puddled bar are being increased very 
largely, those of one firm alone amounting to probably 
over 20,000 tons. 

Blasting of the Gryces in the Tay.—The Diamond Rock 

ing Company of London, some time ago, contracted 
for the removal of the rocks known as the Gryces in the 
Tay; and having now completed their preliminary opera- 
tions, s g, &c., the work of blasting the rocks by 
— of dynamite is to be commenced immediately, if it has 
no’ ly . 


The Wick Harbour.—The efforts by the people of Wick 
to obtain an inquiry by the Board of rade into the condi- 
tion of the harbour have at last been successful, the local 
authorities having been informed some days ago that it 
had been resolved that Messrs. a ay Hamilton, of the 
Board of Trade, should visit Wick for the purpose of 
examining into the state of the harbour during the Whit- 
suntide holidays. 


New Dockand Branch Railway at Leven.—Messrs. J. 
and W. Grainger, of Pitcur, Cupar Angus, have been 
successful in securing the contract for the construction of 
the new dock at Leven, Fifeshire, and the branch railway 
in connexion with the same. Operations are expected to 
commence very shortly. The successful tender is under- 
stood to have Bone os 25,0001. 


Steam Tramway Cars.—For the satisfaction of a party 
of ladies and gentlemen, including Lord vost Jamieson, 
of Aberdeen, the steam car of Messrs. Robertson and Hender- 
son was run this day week between Partick and Whiteinch. 
The runs were made in the most satisfactory manner, and 
all the party were well — with the trip. Provost 
Jamieson expressed himself as satisfied that if locomotion 
without horses were to be permitted at all on public streets, 
a machine such as that of Messrs. Robertson and Hender- 
son would be desirable, working as it did without emitting 
any steam, smoke, or noise. Messrs. Hughes and Co., 
Loughborough, who have contracted to work the Govan 
and Glasgow section of the Vale of Clyde Tramways, have 
recently put two of their steam cars on that line. Five 
other engines from the same firm are about to make their 
appearance, if they have not already arrived. Those that 
are already at work are exciting a good deal of interest. 


Lock-Out on the Clyde.—The lock-out on the Clyde, in- 
cidently referred to in a ing paragraph, has now 
become a stubborn fact. Some thousands of men who were 
time hands were paid off last Saturday, in consequence of 
the ship carpenters in the Glasgow district persisting in 
remaining out on strike for an advance of wages. ost 
of the other workmen who are still employed in the yards 
are en on various jobs that are paid by the piece, but 
when those jobs are finished no new contracts will be let ta 
them. The lock-out is not universal, as the Dumbarton 
firms have declined to fall in with the arrangements by 
a, Glasgow, yg Glasgow, on Gesnee firms - 

movement is in progress by neu! rties 
ies about an amicable settlement’ of the strike iad lock- 
out. In the mean time the question has become somewhat 
complicated by the action of the Admiralty authorities 
taking away a number of the shipwrights to the Govern- 
ment dockyards, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was only 
a thin attendance on ’Change at Middlesbrough and less 
business was done than there has been for the past six 
weeks. Crane to the Whitsuntide holidays a number 
of people had left the district for a few days. The works, 
too, were laid off. Prices were nominally based on No. 3 
Cleveland pig selling at 41s. 6d. per ton. The stocks of 
ig iron are heavy and are increasing. A blast furnace 
ited iron company have been compelled to damp down 
their furnaces. They have stocks, however, and it is ex- 
paar they will be able to pay their debts. Owing to 
trade the Lofthouse Iron Company have damped down 
their two furnaces at Skinni ve, in Cleveland, and will 
disc. their men. By the stoppage of these furnaces 
the total make of the district be diminished, but 
this will only be temporary, as Messrs. Bolckow, Vaughan, 
and Co. are blowing in six blast furnaces which will make 
Cleveland pig ironfor a month. After that time, however, 
these six furnaces will be used ~ many A in connexion with 
the steel works of Messrs. Bolckow, Vaughan, and Co. at 
Eston. A good deal of pig iron is being shipped to Franco 
and Germany just now. Trade, however, is not like 
what itshould be. Out of 160 blast furnaces in the Nortl 
of England 108 are in operation ; 47 only out of 149 ir 
Staffordshire are blowing, and out of 1571n Wales 113 are 
in blast. On an average the Cleveland blast furnaces pro- 
duce between 400 and 500 tons per week, while the Scotch 
and Staffordshire furnaces only produce about 150 tons in 
the same time. . 

The Finished Iron Trade.—There is still general de- 
pression in the finished iron trade, Prices are low and orders 
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difficult to procure. Plates, bars, and angles are in fair 
request, and bridge builders and founders are actively 
en, > 

Shipbuilding and Engineering.—These branches of in- 
dustry are busy on the Northern rivers. There is a 1 + 
number of steamers in various 8 of progress on the 
Tyne, Wear, and Tees. On Saturday the s.s. Bear, built 
by Messrs. Raylton, Dixon, and Co., of Middlesbrough, 
for Messrs. James Watson and Co., of Glasgow and 
Middlesbrough, ran her trial trip. There was a large 

y on board, who were entertained in a princely fashion 
the owners of the vessel. The Bearis especially built for 

e carrying of pig iron in a manner which will prevent 
the shifting of that dangerous cargo. 

The Coal and Coke Trades.—The demand for fuel is flat, 
and the collieries in the North of England are working 
irregularly. In Northumberland the wages question is 
causing a great deal of apprehension, as the pitmen have 
decided by vote to strike against the proposed reduction 
of wages, and the deprivation of the privileges of free 
house and firing. Unless some arrangement is speedily 
arrived at respecting the free house and coals—privileges 
which the pitmen have enjoyed for generations—it is diffi- 
cult to see that a strike can now be avoided. 

The Cokemen’s Wages.—The cokemen of Durham, who 
have been resisting a proposed reduction of wages, have now 
agreed to refer the matter to arbitration. 


The Cleveland Miners’ Wages Question.—On Thursday 
and Friday last Sir James Fitzjames Stephen, Q.C., was 
umpire at the arbitration held at Saltburn-by-the-Sea, to 
settle the Cleveland miners’ wages question. Mr. David 
Dale, of Darlington, was arbitrator for the mineowners, 
and Mr. McDonald, M.P., acted for the men. The pro- 
ceedings were most creditable to both sides, In the course 
of a few days the award is expected. 





NOTES FROM THE SOUTH-WEST. 

The Falcon.—The Falcon, composite screw gunboat, 
made her official trial at the measured mile outside the 
Sound on Thursday. She is a composite sloop, framed of 
iron, and planked with two thicknesses of teak, of which 
the inner thickness is fastened to the frames with Muntz 
metal bolts, and the outer with copper, while the bottom 
of the vessel to the water-line is sheathed with copper as 
usual. Her dimensions are: Length, 157 ft.; beam, 
29 ft. 6in., and displacement 774 tons. Her machinery, 
which, as well as the vessel herself, has been constructed 
by Messrs. Laird Brothers, consists of a pair of horizontal 
direct-acting compound engines of two cylinders ; the high- 
pressure cylinder is 31} in., and the low-pressure cylinder 
54 in. in diameter, stroke 2 ft. The engines drive a gun- 
metal screw on Bevis’s patent feathering principle, which 
is constructed so that the blades can in a few minutes be 
turned from their working pitch to a position right fore 
and aft, bringing the edges of the blades in the Socdtion 
in which the vessel is sailing. In this simple way, the 
somewhat cumbrous and lengthy process of lifting the pro- 
peller is avoided, and an equally good result attained under 
sail. In the same way the pitch of the screw can be 
altered to suit the varying conditions of steaming in fair 
or foul weather. A sister vessel, the Griffon, by the same 
builders, will be tried next week. 


St. Ives Railway.—This line was opened on Thursday. 
Colonel Rich recently inspected the line on behalf of the 
Board of Trade. 


Trade Matters.—During the past week the coal exported 
from Cardiff amounted to 88,547 tons, or 3983 tons less 
than in the week previous. The iron shipped to different 
ports amounted to 2487 tons. Freights to the Mediter- 
ranean have gone up considerably, but coasting freights 
continue low. Wood freights from America and the Baltic 
to Newport are advancing. No improvement is reported 
in the state of the iron trade at the Forest of Dean. The 
prices of coal are receding, and there is little, if any, 
prospect of the list quotations being adhered to. The col- 
ieries in the Mountain Ash district are steadily at work, 
the double shift system being continued at Cwmpennar. At 
Pontypool the iron trade looks slightly better than of late, 
and it is hoped that the Abersychan Works will soon be 
fully employed. 


Board of Trade Inquiry at Cardiff.—A Board of Trade 
inquiry was opened on Friday at Cardiff with reference to 
the stranding of the steamship Delos, of Hull, on the 
island of Tenedos, in February, 1877. The investigation 
was resumed on Saturday. The assessors considered the 
captain at fault in not ordering the lead to be heaved 
enw Nonna the shore, and suspended his certificate for three 
months. 


Causes of a Great Western Accident.—Colonel Yolland, 
in his report to the Board of Trade on an accitlent which 
occurred on the Calne branch of the Great Western Rail- 
way, on the 27th of December, 1876, owing to a passenger 
train leaving the rails, by which five passengers and two of 
the company’s servants were injured, gives his opinion of 
the affair in a very few words, which, however, ‘“ speak 
volumes.”” ‘‘As the result of my inquiry,”’ he says, “I 
should state that I attribute the accident to a young and 
inexperienced driver travelling at too high a rate of speed, 
with the engine running with the wrong end in front, and 
probably having one of its springs broken, over a portion 
of the line not in first-rate order.”’ 

The Tin-plate Trade.— At a meeting of tin-plate workers 
at Swansea, it has been decided to suspend work for one 
week in every three, from June to December. 

Naval Activity at Portsmouth—Many years have 
elapsed since Portsmouth Dockyard was so crowded as it is 
at present with ships repairing and fitting out; and as 
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there have been no additional engagements of hired hands, 
the Constructive Department is extremely hard pressed. 
A slight clearance has, however, been made, and there 
will be a further relief in a few days. The Urgent, Com- 
mander Boyle, having completed her metamorphosis from 
a steam troopship into a hospital and storeship, is an- 
chored at Spithead for the purpose of adjusting compasses, 
and only awaits the arrival of the Valorous from Ireland, 
which is to tow her down the ‘Channel, to proceed to 
Jamaica for ed song & of superseding the Aboukir. She 
was on Wednesday joined by the Elk, 4, composite gun- 
boat, Commander Tupman, and the Swallow, 3, wooden 
gun vessel, Commander Warren, which, after a final trial 
of their machinery under the control of their own officers 
and stokers, will sail on Monday, the former for the south- 
east coast of America, and the latter for the west coast 
of Africa. The Eurydice, Captain Marcus Hare, which 
has been fitted as a training-ship, was on Wednesday 
floated out of the ship basin, and is under orders to pro- 
ceed, on Tuesday next, to Madeira for a cruise with a crew 
of ordinary seamen. The Minotaur, 17, Captain Lord 
Walter Kerr, bearing the flag of Rear-Admiral Soules 
Seymour, and the Thunderer, 4, double-turret vessel, Cap- 


join the other ships belonging to the newly constituted 
Channel squadron. It is decided that no more trials of the 
Monitor are necessary at Portsmouth, but that a six hours’ 


Plymouth. The Boadicea, 14, unarmoured corvette, will 
be out of the dockyard hands by the 21st, and the Orontes 
will be ready for sea by the end of the month. The com- 
nea and departure of these ships will immediately re- 
ieve the work at Portsmouth, more especially as the repair 
of the machinery of the Tribune and the Hercules is to be 
undertaken by the contractors. 








Coal In France.— The pacedieg of coal in France last 





ear amounted to 17,047,761 tons. Thecorre: din, 
Sates in 1875 was 16,949,031 tons. ee 
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tain J. C. Wilson, left to-day (Friday) for Devonport, to | 


| deepening the channel at the mouth of the Mississippi. The 
| steamship Audean, drawing 20 ft, 6in., recently passed 


trial of her engines is to be made on the way round to | 





| 
VicToRIAN Rariways—The following new works are in 
contemplation on the part of the Victorian Government : 
Country lines, 264 miles at 42501. per mile (a great reduc- 
tion in cost as compared with the cost of any railway 
works yet constructed in Victoria), 1,122,0001. ; suburban 
| lines, 16} miles at 90001. per mile, 148,0001 ; and a junction 
| of 5 miles to unite the Gippsland line to the Hobson’s Bay 
line at Elsternwick, 30,0001. It is thus proposed alto- 
gether to carry out 285} miles of line at an aggregate esti- 
mated cost of 1,300,0001. 








| Great NortTHern Rartway—Batiry To Dews- 
BURY.—The directors of the Great Northern Railway 
have entrusted theconstruction of this line to Messrs. Charles 
| Baker and Ralph Firbank. The works are very heavy, 
cousisting of a tunnel about 200 yards long, a viaduct about 
150) yards long 50 ft. high, with two bridges under the 
London and North-Western Railway; there are about 
50,000 cubic yards of masonry and brickwork and several 
| new streets and diversion of sewers in the borough of Dews- 





| bury. The works are to be commenced forthwith and are 


expected to be completed within a couple of years. 





Tue Misstsstpp1.—The South Pass jetties are steadily 


through. The approaching spring freshets in the Missis- 
sippi, which will greatly increase the volume of water, are 
expected to scour out the ch l to a iderably greater 
depth. Rather important*climatic differences are observed 
on the east and the west banks of the Mississippi in 
Louisiana. The river does not average more than 1000 
yards in width, but the opposite banks are as distinctly 
characterised as if the distance were 1000 miles. Frosts 
seldom travel across the river, and while one side may be 
enjoying rain the other may be parched with drought. The 
differense in vegetation is chiefly noticeable in the cultiva- 
tion of sugar, the plantations on the west bank of the river 
enjoying great advantages over those on the east bank. 
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RAISING SUNKEN VESSELS. 
On a Practical Method of Raising Sunken Vessels.* 


By LATIMER CLARE, C.E. 

THE raising of sunken vessels has been at all times a 
question of great interest to the maritime world, and the 
loss of the Vanguard recently drawn an unus 
amount of public attention to the subject. Having, in 
conjunction with my partner, Mr. John Standfield, given 

t consideration to the matter, we have ventured to 
bring our plans to the notice of the Institution of Naval 
Architects, in the hope that they may be deemed worthy 
of their examination, and that their merits or defects may 
be fully discussed. 

The plans which have been pagent for effecting this 
object are very various, and while many of them are per- 
fectly impracticable, others are marked by great ingenuity. 
It would be outside the scope of this paper to attempt any 
detailed mention of them, but there is one c ristic 
common to nearly all of them, viz., that with few excep- 
tions they effect their object in a makeshift manner, the 
operations being performed piecemeal. They do not pro- 
vide, as they ought, for the construction of some complete 
and powerful apparatus which can, with slight adjust- 
ments, be made applicable to vessels of all sizes, sunk in 
various positions and depth, but they are more usually of 
such a character that each case has to be specially consi- 





continuous length and form two hollow box girders ; their 
cross section is trian as shown at a a in the di . 
the apex being downwards and forming a bnitecdee int 
tended to rest on the bottom—the two sides are connected 

ther at the top by a number of transverse box girders 
b b b placed at suitable distances apart, adjusted according 
to the position of the masts or dher obstructions on the 
deck of the vessel. These girders are very firmly attached 
to the sides by numerous and powerful bolts, allowing 
them to be shifted laterally, and also allowing the sides of 
the dock to be placed nearer together or further apart 
according to the breadth of the vessel to be lifted—these 
adjustments are of course eff in harbour before pro- 
ceeding to the scene of operations. 

At the four corners of the dock rise four cylindrical 
columns of large diameter (say 20 ft. more or less), the tops 
of which are always considerably above water, even when 
the dock is submerged over a sunken vessel. These 
columns rise from the transverse girders at the ends of the 
dock, which are made of suitable th to accommodate 
them, and they are braced together in pairs and connected 
by a bridge. 

They contain the engines, pumps, and machinery, and to 
give them greater strength they are, up to a certain height, 
made double, that is to say they consist of two concentric 
cylinders, the space between being divided into cellular 
compartments. : 


Fig. € 





and pipes lead from them through the sides to every com- 
partment of the dock ; each is of course provided with a 
pressure indicator, as the pressures are sometimes ex- 
cessive, amounting in some cases to 70 lb. or 80 lb. on the 
square inch; the pumps are duplicated and so 

that they can either both work in conjunction or can each 
work separately under half pressure—that is to say, one 
can pump into a pressure chamber at 35 Ib. or 40 lb. pres- 
sure, andthe other work out of this chamber at full pres- 
sure; even in ordi use & space is devoted to air 
chambers, in which a store of air is accumulated under 
pressure a immediate use, so that the grippers, for 
example, can be closed at a moment’s notice. 

We will now suppose that instead of the vessel ying in 
clear water it has sunk into the sand or mud, or me 
surrounded with sand ; on lowering the dock the knife- 
shaped edges of the sides will rest on the sand in some un- 
even posi rand too — seri er sa! of the —— ver 
properly gripped ; in order to afford means for remo 
this sand the bottom edge of the sides is divided inte com- 
partments, and each compartment has a number of holes 
close to the lower edge ; the compartments being full of 
water, a a reservoir of compressed air is suddenly 
turned upon the water, which drives it out of the apertures 
with great violence, stirring @ Ayo sand and washing it 
away, and allowing the dock settle down to a lower 
level until it either rests on the bottom or bears on the 
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dered and dealt with ; it naturally follows that the appa- 
ratus designed to meet one set of conditions is not found 
suitable for others, and it is, we consider, chiefly from 
this cause that wreck-salvage as a business has never come 
into existence on a large and profitable scale ; moreover, 
almost all the plans that have been adopted have been 
dependent on the aid of divers. These can only work in 
fine weather, and as it is necessary that steamers and 
crews must wait in attendance on them, and remain idle 
while the operations are being carried out below, and the 
submarine attachments are being made, much time is 
wasted, and the cost of such operations becomes ve 
serious and in many cases prohibitory. The depth to whic 
divers can descend and work effectively, is, moreover, very 
limited ; and, where masts and rigging are in the way, the 
occupation becomes a most hazardous one, for which hi 
pay is necessarily demanded ; it is true that jointed diving 
dresses have been devised, with a view to take the pressure 
wholly or partially off the diver ; but, apart from the stiff- 
ness of the joints and the difficulty of working effectively 
in such rigid dresses, the principle of the well-known 
Bourdon’s pressure-gauge must inevitably come into play, 
and the body or limbs once bent could only be straightened 
again by great muscular effort, and at considerable depths, 
not at all. 

Very generally, too, the plans proposed involve the pas- 
sage of chains or ropes beneath the vessel, or the attach- 
ment of chains to hawse-holes, masts, and rigging, &c., 
an operation of much difficulty ; and there is also great 
difficulty in such cases in equalising the strain on several 
attachments. Lastly, when air bags are employed, the 
tendency of the air to expand as the vessel lifts causes it to 
come to the surface with inconvenient rapidity and dan- 
gerous force. 

Mr. Standfield and I, having studied the subject de novo, 
have long since arrived at the conclusion that ship-raising 
should be carried out on a la scale by a single machine 
capable of raising ships of all sizes, and that it should be 

ye enough and powerful enough to sp the vessel 

ly from the outside without the intervention of ro 

or chains, and without the assistance of divers. The idea 
of thus dealing with a vessel is not new, and it had in 
fact been previously described by Mr. Joseph Thomas Par- 
lour in 1871, who has recently shown us his plans, which 
he has however hitherto no opportunity of putting 
into practice. 

_It will be seen from the model exhibited and from the 
diagrams that the apparatus we employ to carry out our 
ideas is practically a submarine dock, somewhat resembling 
an ordinary floating dock inverted. It is sufficiently large 
to be submerged over the vessel intended to be raised 
entirely to cover it. The breadth inside must therefore be 
greater than that of the vessel, but the length may be 
either greater or less according to circumstances. 

The two sides of the dock are each constructed in one 





* Paper read before the Institution of Naval Archi- 








The whole structure is built of hollow rivetted ironwork, 
and when empty is extremely buoyant, the sides alone 
being more than sufficient to float the whole. When it is 
desired to submerge the dock over a vessel, water is ad- 
mitted first into the sides of the dock and subsequently 
into some of the transverse girders, and if n into 
the vertical cylinders; the dock is thus allowed to sink 
gradually in the water until only the four vertical columns 
remain above the surface—the operation is further con- 
tinued until the dock is sunk over the vessel, either resting 
upon its deck, or the knife edges of the sides resting upon 
the ground—as shown in Fig. 3. Assuming for the mo- 
ment that the vessel is upright and free from any accumu- 
lation of sand, it becomes necessary to grip the vessel. 
This is effected in the following manner:—A number o 
grapnels or curved iron clutches, fitting approximately to 
the sides of the vessel, are hi at top to the sides of the 
dock along its whole length. They are each 10 ft. or 12 ft. 
broad, constructed of hollow wrought-iron plate, and are 
of great strength ; during submergence they lie back close 
against the sides of the dock. Each of these clutches can 
be thrown forward at pleasure, by the inflation of a large 
air bag secured to its back and resting ind it against 
the side of the dock. A single pair of these clutches, 
ee “ middle a the vn is —_ poe ah 
ward and caused to grip the vessel ; a secon ir is then 
similarly brought into enthte, and davenniaie | irs in 
succession ; each pair cf clutches, as the latter e their 
grip, is held in position by ratchets and pawls behind in 
such a manner that the clutches cannot be forced back 
again ; this is to give them additional support when the 
strain of lifting comes — them ; it will be observed that 
the curve given to the clutch gives it a secure bearing be- 
neath the bilges of the vessel; at the stem and stern air 
bags without clutches press up beneath the vessel and 
afford an additional support; in this condition of thin 
it is evident that the dock and the vessel are firmly united, 
so as to form practically one structure, and the buoyancy 
of the bags alone will in many cases be sufficient to cause 
the whole structure to in to rise; should they not do 
so, water is forced out of the cross girders, and if necessary 
out of the hollow sides, until the vessel rises ; as soon as it 

gins to float it would come entirely to the surface were 
it not that the four large cylinders as they emerge from the 
water reduce the buoyancy and so prevent the dock from 
rising too suddenly. 

As the bags approach the surface the external pressure 
of the water upon them is diminished and their internal 
pressure is increased ; in order to relieve this they are pro- 
vided with the usual pressure valves, 0) outwards and 
adjusted S| springs to such a pressure as is deemed best for 
grippi e vessel ; this pressure can never be exceeded, 
as the a air escapes through the valves into the sides 
of the , or, if its buoyancy is not wanted, into the 
“= water. nan of , 

e engines air pumps are of very power, 80 
as to perform their ‘Giestions rapidly, Mg. four in 
number, situated one in each of the four corner cylinders, 


f | hull of the vessel she has clutch 





deck of the vessel, as shown in Figs. 1, 2, 3, and 4 
The centre pair of clutches is now caused to grip the 
vessel, as shown in Fig. 3, the sand being driven ont 
before them by a rush of water as just described ; a second 
pair is then caused to grip in the same way, and so on till 
the whole are secured—the clutches themselves, which are 
of hollow boiler plate work, have also orifices at their 
points through which powerful jets of water are forced in 
order to clear their way through the sand, or if preferred 
they may be used as sand pumps, water and sand being 
sucked in in front and di behind. 

When the vessel does not lie on an even keel the dock 
has to be lowered in a slanting position, Fig. 1, by admitiing 
water at one side but not at the oo passed over * 

» an 

giving buoyancy to one side only, she is first brought to an 
even keel and either raised to the surface or gri a second 
time in her upright position. The vessel when raised ie 
floated away to a tidal harbour and repaired or broken up. 
In the case of a vessel with a hole in her sides or bows, 
such as that in the Vanguard, an attempt would of course 
be made to fit an air irectly over the a) , and as 
the dock would be furnished with powerful pumps water 
might be pumped out of her compartments while she was 
— towed to port. 

@ may now consider the d of pressure required on 
the bags to give an effective grip. A vessel dra 20 ft. 
of water has, when afloat, an upward pressure of about 
10 lb. per square inch over her whole bottom surface. 
Disregarding her loss of weight when in water, and assum- 
ing that the air bags bear against over one-half her bottom 
area and support the whole weight, we should require a 
—— upon them of about 20 lb. per square inch to raise 

er ; “ this ——- oa the | re : oe gri 

support no portion er W , whereas are 
int tes eet netomat tiae ete 
is ore e ly gri y the 
upward pressure of the be i bags. e bags are made of 
several layers of stout canvas and ised india-rubber 
and are easily able to withstand a pressure of 30 Ib. or 40 Ib. 
per square inch, or if enclosed in netting a much higher 
pressure. They are protected from injury by stout matting, 
or thick rope netting. : : 

The sides of We Cock coutelh o.paseage running slong 
their whole length, provided with stout glass eyes a 
intervals, so that the operator, provided with a powerful 
— held against one of them and looking through the 
other, can descend and examine any obstructions or see the 

ition of the ship in respect to the dock, and so te 
its descent. By means of shone poses one is enabled to 
get from column to column, and im fact all round the dock 
without coming to the surface. 

In order to adjust the distance asunder of the sides and 
the position of the top girders, the whole dock is floated on 
to a framework in harbour, of such a height that the 
rest on the frame at the same time as the sides of the 
rest on the bottom ; by ing the ends of the 
at opposite sides alternately, and keeping the sides 
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afloat, any adjustment of width and position may be 


I have thus described as briefly as possible the construc- 
tion of the dock, and will only add in conclusion that owin, 
to its peculiar form its stability is so great that if fo 
down purposely on to its beam ends it would right itself 
instantly, and with great power. If sank overa vessel only 
the four cylinders would be above water, and from their 
small area and great strength they would withstand the 
heaviest storms without danger or injury. In raising a 
vessel no divers are required and no chains or attachments 
have to be made ; she is supported under the bow and stern 
as well as under the bilges, the points where the weight of 
her chiefly rests, and where she is best fitted to with- 
stand the strain, the lift in fact takes oo along the whole 
of her length from stem to stern. The operation under 
favourable circumstances may be effected in a single tide, 
and the apparatus ought in average weather to raise at 
least two ships every week. It is obvious that the depth 
at which the Vengnest is sunk offers no practical difficulty 
in the application of the apparatus described ; on the con- 
trary such an apparatus could very well raise vessels sunk 
at twice that depth. The operation of lifting such a vessel 
as the Vanguard would probably repay the entire cost, and 
the salvage value of the property recoverable around the 
shores of the United Kingdom alone would doubtless be 
sufficient each year to recoup the value many times over. 





THE MINERAL WEALTH OF JAPAN.* 
By Henry 8. Munrog, E.M. 
(Continued from page 218.) 

Copper. — Although copper has been mined and smelted in 
Japan for nearly twelve centuries, the active working of the 
copper mines, as we have already seen, dates back less than 
300 years. The average ann production for the first 
250 years of the 300 I would estimate at about 2800 tons.+ 
According to Von Siebold,t the annual product in 1830 was 
50,000 to 60,000 piculs, which would equal 3333 to 4000 tons ; 
while, according to the estimate of Mr. Godfrey, the 

resent annual yield is about 3360 tons. This yield, as 

r. Plunkett remarks,§ represents the product of about 
200 different mines; but, as will presently appear, four 
mines furnish about one-half of this amount. 

Copper is found nearly everywhere in Japan. A list of 
localities, which I have compiled, shows that out of 38 ken 
and fu, copper is reported to occur in 33. The records of 
the Mining Office chew that permission has been grante 
to work copper deposits in more than 400 different places. 

Many, if not most, of these so-called copper mines are 
very poor, and few can be worked with profit, even in 
those parts of Japan where labour commands but a few 
cents a day; but the abundance and wide distribution of 
copper deposits is interesting and encouraging. 

Thus far the copper mines and copper smelting works 
have been conducted according to Japanese methods, no 
“western improvements’’ having been introduced either 
by the Government or by private enterprise. The secret 
of this conservatism lies in the fact that the more impor- 
tant copper mines and smelting works, as conducted, yield 
large profits, which the owners are afraid to jeopardise by 
any ena ; while in the case of their silver and iron mines, 
which have not been very profitable, they are willing and 
teady to accept and act upon foreign advice. 

Ores.—Copper occurs generally as chalcopyrite, associ- 
nated with pyrite or pyrrhotite and other sulphides. 
Occasionally a specimen contains a little erubescite, which 

nineral also was formerly found as an ore at one mine. 
Fahlerz (or tetrahedrite) and copper glance are also com- 
mon ores; the former often containing silver. Native 
copper is quite rare, though occurring at several places. A 
specimen was given me by the superintendent of the Osari- 
sawa mine, in Akita ken, asa great curiosity. The oxidised 
ores are rare, malachite and azurite occurring only in 
small quantities at certain mines. Cuprite (copper oxide) 
is more common, but is not often smelted. It serves the 
miner, however, as an important indication of copper ; 
and, as such, often determines the course of his drifts 
and stopes. || Copper sulphate occurs in many mine 
waters, but is, I believe, not used for the extraction of cop- 
per. This water is, however, sometimes evaporated for 
the production of the salt. 

Silver minerals are often associated with the ores of 
copper in the same vein. Of the permits granted by the 
Mining Office for the working of copper mines, oauly 40 
per cent. were for this class of deposits. 

The copper ores of Japan are usually poor ; containing, 
as mined, from 2} to 7 per cent. By washing, these ores 
are concentrated to yield 8to 16 per cent. of copper, 12 per 
cont. being the average richness. 

Copper ores occur in Japan only in veins. These some- 
times have all the characteristics of true fissures, but are 
more often of limited extent, and apparently only gash 
veins. In either case there is usually a certain amount of 
parallelism between the different veins in the same region, 
and, according to their direction, they may be grouped 
into two or more series, often differing somewhat in their 
characteristics. 

The thickness of the veins varies from a few inches 
to 3 ft. or 4ft. The average thickness is less than 1 ft. 
The deposits are almost always of limited extent, and much 
dead work has to be done for exploration. 

Metallurgy of Copper.—In the introduction I have 





* A paper read before the American Institute of Mining 
ro Reprinted from the New York Engineering 
and Mining Journal. 

+ Of 2000 Ib. 

_ [Quoted by Geerts, Transac. Asiat. Soc. of Japan, vol. 
ill. part i. p. 43. 

§ Mines of Japan, p. 12. 

| Burger, quoted by Geerts, ‘Trans. Asiat. Soc. of 
Japan, vol. ii. part i. pp. 31 and 33. 


briefly described the method of working employed in the 
mines of copper ; and here a few w concerning the 
smelting process will not be out of place. This process in 
its most perfect form may be s ised as follows : 

1. Roasting of ore in kilns. 

2. Fusion of roasted ore in low hearth, producing matte 
and black copper. 

3. Roasting of matte in kilns. 

4. Fusion of roasted matte, producing impure copper, 
taken off in rosettes or cast in ingots, and a second matte, 
which is roasted and returned to the same operation. 

5. Fusion of black copper from the ore fusion, producing 
impure rosette or ingot copper. 

6. Fining and refining; usually divided into two opera- 
Come, pogmene pure © copper. 

7. Fusion of slags. 

When the ore contains silver, the black copper and 
copper from the matte fusion are treated with lead by a 
very effective liquation process, which I hope to describe 
at another time. The fining and refining of the copper is 
effected after the separation of the silver and lead. The 
fuel used for smelting is invariably charcoal, wood being 
used in the roastings. The furnaces are simply low hearths, 
excavated in carefully prepared beds of charcoal, and pro- 
vided with a partial cover of clay for retaining the heat, 
and with large hoods for carrying off the noxious vapours 
and products of combustion. The roasting kilns are 
usually rude rectangular structures, built of stone. The 
blast for smelting is supplied by very ingenious wooden 
bellows worked by man power. The smelting is always 
conducted on a small scale, and one operation rarely lasts 
more than a few hours. 

As illustrations of the copper mines of the country, I 
will describe in detail, from my own notes, a few of the 
larger and more important. 

the Ani Copper Mines, in Yamamoto k6ri, of Akita 
ken, are among the largest and most important of the 
country. These mines extend over 30 or 40 square miles, 
in which area there are many hundred different veins. 
In 1873 over 300 of these were yielding ore, while there 
were perhaps twice as many not worked. 

The most important and best defined fissures have a 
general north and south direction, more’or less parallel to 
the strike of the rocks. Those of a second series, which 
comprise the majority of the veins, have a general east and 
west direction. The veins of this series are of limited 
exteht. The veins of a third series run north-east and 


d | south-west. The north and south veins are said to contain 


a larger proportion of galena than the others. The country 
rocks are sandstones and shales, often more or less meta- 
morphosed, associated with volcanic rock in dykes (?) and 
erupted masses. 

The copper veins are usually thin, and the ore seams vary 
in thickness from afew inches to 3 ft., ranging usually 
between four-tenths of a foot and one foot, the average 
being five to six-tenths of a foot. The average richness of 
the ore from these mines is about 54 per cent. ; in certain 
districts, 7} to 8 per cent. When concentrated by washing, 
the ore yields 10 to 16 per cent. of copper, the average 
richness being about 12} per cent. The ore is copper pyrite, 
tetrahedrite (*), and other copper sulphides, associated with 
which are pyrite, galena, blende, &c, and sometimes 
malachite and azurite in small quantities. The ores also 
contain silver, and sometimes gold. 

These mines have been worked for centuries with great 
skill, yielding large profits. The old Japanese methods of 
mining and smelting are still retained. At present, nearly 
3000 men, women, and children are employed in the mines 
and smelting works. In 1873 the total product was 
1,029,484 lb. of copper, while in 1872, according to Mr. 
Plunkett, the yield was only 886,266 Ib. 

The copper is sent, by river, to the Kagoyama smelti 
works, where it is refined, being suavientiy treated wit 
lead, by liquation, for the separation of the silver. 

These Ani mines, with about 60 gold, silver, copper, lead 
and other mines in different parts of the country, formerly 
belonged to Ohno, a wealthy Japanese merchant ; but since 
his failure, they have reverted to the Government, and are 
now under the control of the Mining Office. I am informed 
that it is proposed shortly to put these mines under forei 
superintendence, with the view of substituting for the 
Japanese processes better and more economieal methods of 
working. The results of this experiment will be of great 
interest, as these mines are among the best and 
most profitable in the country, and represent the best phase 
of Japanese mining and metallurgy. 

The Osarisawa Copper Mines, situated in Kadzuno kori 
of Akita ken. These mines are now actively worked on a 
large scale by Mr. Okada, a J ese m t of Tokio. 
Japanese methods alone are yed, though an unsuccess- 
ful attempt was made some years ago by Japanese to 
introduce reverberatory furnaces for roasting and smelting. 
The ore occurs in nearly vertical fissure (?) veins, having a 
north and south direction, with branch (?) veins running 
east and west. The veins traverse slates and metamorphic 
sandstones, with which are associated masses of volcanic 
rock (trachyte?). 

The veins are somewhat larger in the average than those 
at the Animines; but the seams of ore are about the same 
size, averaging 6 in. to8in. Anore seam 5 ft. in thickness, 
however, is reported to have been at one time worked. The 
ore was formerly rich, but at present the average is pout 
5 per cent. or less. Concentrated by washing, this ore 
yields 8} to9 per cent. In 1873 the are was 13 per 
cent. of copper. The ore is copper pyrite, with sometimes 
a little bornite, and is associated with pyrite and other 
sulphides. Specimens of pure bornite are sometimes found. 

The production of this mine in 1874 was about 300 tons 
of copper; in 1873, 346 tons. Formerly, when the ore 
pe richer, the annual yield is said to have been over 600 

ns. 

The copper is not refined, but is sent to market as 





crude copper in the form of rectangular pigs, branded with 





the name of the merchant in Japanese and English cha- 
racters, and with the inscription in English letters: ‘‘ Cop- 
per mine in Kazuno of Tictiu.”’ 

Copper Mine in Sakia Ken.—Mr. Plunkett's report 
contains a description, by Mr. Gowland, of the Ozaka Mint, 
of a large copper mine in Yoshino kéri of this ken, from 
which account I extract the following details : 

**The ore is copper pyrite, associated with pyrite and 
pyrrhotite. The ore seams vary between 1} ft. and 3 ft. in 
thickness, are sometimes split into two, and often end 
abruptly. The gangue is calespar and quartz. The yield 
is 15 tons to 20 tons of copper per month, so that the annual 

roduct must be over 200 tons. The mine is worked by 
apanese methods, and yields large profits.” 
inonebira Copper Mine.—This mine, which I visited 
while on the island of ‘Kiushiu last summer, is situated in 
= village of Okawachi, in Ashikita kéri of Kumamoto 
en. 

The ore occurs in fissure veins, running east and west, 
and dipping 20 deg. to 30 deg. The average thickness of 
these veins is said to be 3} ft. to 4 ft., the greatest thickness 
6ft. The ore seams vary between ;5, and 1} ft. ; —? 
reported sometimes to reach a thickness of 4 ft. The 
richness of the ore varies between 7 and 20 per cent., 
averaging 13 per cent. The ore is copper pyrites, without 
gangue, except included fragments of a dark blue, slaty 
wall-rock. 

This mine has produced largely ; but is now flooded with 
water, so that but 4 or 5 tons of copper are produced 
year. A new drainage tunnel was begun in 1872, which 
was, at the time of my visit, three years later, 900 ft. long, 
and within about 50 ft. or 60 ft. of the vein. The face of 
the tunnel was then in very hard rock, and the progress 
was but 14 ft. per month. 

Kumayama Copper Mine.—Mr. Geerts* speaks of a 
large mine in Yehime ken, on the island of Shikoku, which 
is known as Besi san, or Kumayama. The ore is copper 
pyrite and tetrahedrite, associated with other sulphides, 
‘and contains silver. Mr. Geerts calls this the largest copper 
mine in Japan. If so, the annual production cannot be less 
than 500 or 600 tons. With the first three mines described, 
viz., Ani, Osarisawa, and the one in Sakai ken, we thus have 
four mines yielding a total of 1500 tons per year—about half 
the product of the empire. 

I add an estimate, taken from Mr. Plunkett's report, of 
the > of producing 1 ton (2240 lb.) of copper by Japanese 
met : 


dols. 
Cost of ore i 43.70 = 23 per cent. 
Explorations ... Ci be mS.» »» 
TP soe 7.40 = 46 ” ”? 
Treatment of ore { ateiel.. 8290=18, * 
Superintendence ioe 19.00 = 10 
Total ... 190.00 


This does not include cost of transportation to market. 

Lead.—The deposits of lead ore in Japan are neither 
numerous nor valuable. Galena is the only ore used, 
though other ores are probably to be found. I have so far 
met with no specimens of oxidised ores, nor can I find any 
mention of such. According to Geerts,f jamesonite and 

lagionite, antimonial sulphides, are found in many parts of 
Sena. These are, of course, not used as lead ores. 

Galena occurs in Japan only in veins, usually associated 
with copper or silver ores ; and lead is, in most cases, a by- 
product of mines worked for other metals. In 1874 there 
were 35 mines producing lead, of which 11 were worked 
solely for that metal ; and, in all but two of the remaining 
cases, lead was only a secondary object of exploitation. 

These 35 mines produced, in 1874, but 207 tons (2000 lb.) 
of lead, more than half of which was the product of a 
single mine. Of the remaining mines, probably two-thirds 

ielded during the year less than 1 ton of metal each. 

The explanation of this small production is to be found 
in the character of the deposits. The veins are usually 
thin, and always irregular and pockety. A large amount 
of exploring work must therefore be done, usually with 
very unsatisfactory results. A seam of ore 4 in. thick, 
when discovered, will pay the cost of working; but the 
average thickness of the ore deposits barely reaches this 
limit. Ore seams 1 ft. thick are very rare ; and the dis- 
covery of a pocket of ore 4 ft. in thickness will be carefully 
chronicled and the tradition handed down for centuries. 

For these reasons lead mining is usually, in itself, 
unprofitable. As a rule, the mines are worked only to 
supply the lead necessary for the extraction of silver from 
its ores or from argentiferous copper; in which cases 
the cost of the lead is of secondary importance, and 
it may even pay to work the lead mine at a positive loss. 
In this lies also the explanation of the large imports of 
lead, though deposits of galena are by no means rare. 

Lead Smelting.—The process by which lead is extracted 
from the ore is very simple. The ore is crushed and care- 
fully washed, and all blende, pyrite, gangue, and other 
impurities removed, leaving nearly pure galena for treat- 
ment. The process may be summarised as follows: 

1. Roasting of washed ore in kiln’, producing a little 
lead, which is added to that of the next operation. . 

2. Fusion of roasted ore, with the addition of cast iron, 
in a low hearth : producing lead, which is cast into pigs. 

3. Fusion of slags. : 

With certain ores, a little ywhada, or crass, is some- 
times produced. This is roasted and returned to the ore 
fusion. The slags are picked over and washed before 
treatment. : : 

Conducted by skilled workmen, this rude method pro- 
duces excellent results. At one place which I visited, 60 
per cent. of lead was ob from an ore containing 
perhaps 70 or 75 per cent. Japanese smelters, however, 


* Trans. Asiat. Soc. of Japan, vol. iii. part i. pp. 28 and 40. 
+Transac. Asiat. Soc. of Japan, vol. iii. part i. p. 87, et 
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from ore yielding 69 per cent. by assay, but 40 per cent. 
was obtained ; and at Innai, where metallic lead is used for 
the extraction of silver, I found, in the simple fusion of 
this lead with the silver ore, a loss of 57 per cent. 

When the lead contains silver, this is ye by a rude 
cupellation with charcoal on an open wood-ash cupel ; and 
the resulting litharges are reduced again to metallic lead 
by fusion with charcoal in a low hearth. 

Daira Lead Mines.—These mines, situated in Yamamoto 
kéri, Akita ken, are probably the most important of the 
country. They lie near the head waters of the Fujitokawa, 
a branch of the Noshiro river; and near the junction of 
these streams are situated the celebrated Kagoyama smelt- 
ing works, where the lead from these mines is used in the 
treatment of the argentiferous copper of Ani. These lead 
mines were, at the time of my visit, worked by the merchant 
Ohno ; and with the Ani mines, the Kagoyama eae 
works, &c., have since reverted to the Government, an 
are now under the control of the Mining Office. 

The date of the discovery of these lead mines is unknown. 
More than 350 ancient tunnels can now be counted on the 
neighbouring bills, and doubtless the real number is much 
larger. Within an area of about 14 square miles, 94 
different veins are known, 27 of which are now produci 
ore. These veins can usually be traced for several thousan 
feet, though the ore bodies do not continue of workable 
thickness for any great distance. The veins are true fissures, 
usually 1 ft. to 2 ft. thick, sometimes larger. With few 
exceptions, they run east and west, dipping at a high angle 
(50 deg. to 60 deg. S.) The ore is galena, associated with 
blende, copper and iron pyrite, and other sulphides, and 
occurs in irregular lenticular masses in the vein rock. 
These ore bodies are 50 ft. to 400 ft. in their greatest 
extent, and from two-tenths of a foot to 2 ft. in thickness. 
The average diameter of these lenticular masses is about 
150 ft.; and the usual thickness 3 ft. to six-tenths of a 
foot. If thinner than three-tenths of a foot, they cannot 
be mined with profit ; and, in such case, are followed only 
for the purpose of exploration. 

The vein rock is sometimes quartz, but usually a white 

rphyry, which is often much decomposed. The veins 

ave often a symmetrically banded structure, with 
seams of ore, pink carbonate of manganese, blende, quartz, 
&c. Near the surface, the carbonate of manganese is 
changed into the black oxide. Sometimes the veins are 
simple fissures in the country rock, containing galena 
mixed with pyrite and blende, and without gangue. 

The country rock is a hard, dark blue ite, with beds 
of sandstone, &c. The strata are sharply folded, the 
o-_ direction of the axis being north and south, or a 
ittle to the east of north. The dips are steep, 45 deg. to 
70 deg. towards the east and west. 

With these stratified rocks are associated large masses of 
a white porphyry, similar to the rock filling some of the 
veins. These apparently occur as intruded masses or dykes, 
with an east ot west direction parallel to the strike of the 
veins, and across that of the sedimentary rocks. Ore 

ring fissures are found in these masses of porphyry, as 

well as in the stratified rocks. 

The richness of the ore is not known, as it is bought 
from the miner in the form of nearly or quite pure galena, 
which has been separated from the gangue and the sulphides 
by washing. This washed ore yields, in the furnace, 
about 60 per cent. of lead. 

The mines employ at present about 400 persons, including 
officers and workmen; men, women, and children. The 
men earn about 8 cents per day, and the women 5. 

The product for 1874 was about 105 tons (2000 Ib.) of 
lead. This is below the average, which, in past years, has 
been about 130 tons. 

The lead contains 0.075 to 0.1625 per cent. of silver, 
which is separated at the mapeoeee smelting works. 

‘These mines are admirably managed, and apparently 
with great economy ; but in spite of this the profits are 
very small; and, indeed, were it not for the necessity of 
supplying the Kagoyama works with lead, it is probable 
that the mine would be abandoned. 

(To be continued.) 


FOREIGN AND COLONIAL NOTES. 

Australian Telegraphy.—Mr. E. C. Cracknell, superin- 
tendent of telegraphs in New South Wales, has returned to 
that colony, having been absent on leave for a period of 
eight months, with the view of collecting for the New 
South Welsh Government, the latest information on 
electrical and other matters. Mr. Cracknell spent some time 
in the United States. In New York he was treated with 
the utmost courtesy by the electricians of that city, and he 
received from the Western Union Telegraph Company 
every facility for obtaining information with respect to the 
latest improvements in quadruple and automatic telegraph 
instruments. Specimens of these instruments were pur- 
chased by Mr. Cracknell for use on the New South Wales 
lines, and they are expected to arrive shortly. In London 
Mr. Cracknell received every attention from gentlemen 
connected with the Government telegraphs, and he was 
conducted over the Post-Office Telegraph Department by 
Mr. Culley, Mr. W. H. Preece, and the leading electricians 
of the establishment. These gentlemen afforded eve 
information with respect to the railway telegraphic bloc 
system and the Wheatstone automatic instrument. Mr. 
Cracknell visited all the principal establishments for the 
construction of cables, telegraph material, instruments, &c. 
Before returning to New South Wales, Mr. Cracknell 
further collected all the information he could in France, 
Germany, Belgium, Switzerland, and Italy. 

New South Welsh Coal.—The demand for New South 
Welsh coal has been brisk this year, a considerable quantity 
having been forwarded direct to Melbourne. The output 
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four weeks antes Feb: 
to 75,307 tons. this uction 16, tons went to 
Sidney, 442 tons to the Clarence river, 20,643 tons to 
Victoria, 7,399 tons to South Australia, 420 tons to Tas- 
mania, 10,500 tons to New Zealand, 944 tons to San 
Francisco, 9431 tons to China, 200 tons to New Caledonia, 
and 2687 tons to eastern ports, while 2490 tons were 
used for steamers, and 4221 tons for home consumption. 


Sleepers on the Belgian State Railwags.—At the close 
of 1875 there were 4,734,234 wooden sleepers upon the 
Belgian State Railways. A careful calculation which 
has been made shows that to replace all these wooden 
sleepers with iron ones would involve an outlay of 990,000/. 
The process of renewal might, it is thought, be spread over 
ten years; in that case, the outlay for renewal would be 
99,0001. per annum for that period. 


Southern Pacific Railroad.—The Southern Pacific Rail- 
road Company has made arrangements to build 140 miles 
of road across the Colorado into Arizona before the next 
regular session of Congress. 

Antwerp and Gladbach Railway.—The portion of this 
line which runs through Belgian‘ territory, will be com- 
pleted in the course of this year. 

Steel Rails for the Eastern of France.—The Eastern of 
France Railway ee oy has given out an order for 18,000 
tons of steel rails. The contract price has not at present 
transpired. 


Australian Defences.—Sir W. Jervois, K.C M.G., R.E., 
Governor of the Straits Settlement, and Lieutenant-Colonel 
Scratchley, R.E., director of works at Woolwich Arsenal, 
have been appointed to report upon the defences of the 
principal Australian ports. Colonel Scratchley, whose 
selection was suggested by the Government of Victoria, 
will be stationed in Melbourne for some years in order to 
superintend the execution of such schemes of defence as 
may be adopted. 

Indian State Railways.—The Government of India will 
probably commence the construction of the Western Raj- 
pootana Railway from Ahmedabad to Ajmere some time 
this year. In 1873, there were 160 miles of State railway 
open for traffic in India, while 1213 miles were under con- 
sirusiien and 1294 miles were under survey. Now there 
are 849 miles open for traffic, 1294 miles under construc- 
tion, and 1239 miles under survey. The Anglo-Indian State 
Railway network has thus acquired a great development 
during the last four years. 


Steel Rails in the United States.—In the course of last 
year, the Chicago, Burlington, and Quincy Rai Com- 
pany relaid 72 miles of its track with steel rails, viz., 40} 
miles in Illinois and the balance in Iowa. The total length 
of steel railed track upon the system is now 461 miles 
There are still 253 miles to be relaid with steel rails to com- 
plete the steel railing of the main line and branches from 
Gatesburg to Quincy and Peoria. The whole cost of the 
steel rails laid last year was c to operating expenses. 
The Edgar Thomson Steel Works have closed a contract 
with the New York Central Railroad Company for 2000 
tons of steel rails, and with the Lake Shore Rai Com- 
pany for 1500 tons more, deliveries to be made in April and 

ay- The steel rails laid upon these roads have hitherto 
been obtained principally from Great Britain. The Housa- 
tonic Railway Company will continue the laying of steel 
rails during the > ig wom summer. The Bethlehem Bes- 
semer Steel Works have obtained an order for 6000 tons 
of steel rails from the Lehigh Valley Railroad Company ; 
the company’s mill can turnout upwards of 200 tons of 
66 Ib. rails every 24 hours. 


Locomotives on the Antwerp and Rotterdam.—The 
number of locomotives upon the Antwerp and Rotterdam 
Railway (including the Great Central Belgian) has been 
very largely increased of late years. Thus in 1867 there 
were 107 engines upon the system, while in 1877 the total 
had grown to 186. 


American Mechanical Industry.—The Lackawanna 
Coal and Iron Company’s large furnace at Scranton made 
16,017 tons of Bessemer iron last year. The furnace is 
23 ft. bosh, and 67 ft. high. The stockholders of the 
Allentown Rolling Mill Company have under consideration 
the changing of their large rail mill into a steel rail manu- 
factory ; the necessary works will involve an estimated 
outlay of 1,000,000 dols. The Lebanon Manufacturing 
Company have received orders to construct a 216 horse 

er wen and a 112 horse power engine for parties in 
Philadelp ia. A shaft for the tug Joseph B. Wheeler, 
which is said to be the largest stern wheeler ever built in 
the United States, has been completed at the Duquesne 
forge. It is 34ft. 8in. long, and weighs nearly 13 tons. 
The Fulton Company have orders for four bells weighin 
3000 Ib., 1500 lb., 1200 Ib., and 1000 lb. The Gaylord M 
at Portsmouth, Ohio, is to be supplied with a 6-ton steam 
hammer, which will have a striken g capacity of 30 tons. 
The malleable iron works belonging to the Champion 
Mower and aon Company at Springfield, are now em- 
ploying 125 hands, and are turning out about 100 tons of 
Inalleable iron castings per month, all of which are used in 
the manufacture of Champion mowers and rea It is 
stated that the Vulcan Iron Works, St. Louis, have orders 
on hand which will keep them employed for six months to 
come. 

Engineering on the Illinois Central.—Commencing with 
May 1, the office of chief engineer was abolished on the 
Illinois Central Railroad. The services of the divisional 
engineers were also dispensed with. The duties of these 
latter officials are to be entrusted in future to the district 
superintendents. It will be seen that the Illinois Central 
is economising. 

Brazilian Submarine Telegraph Company .—The revenue 
1876 amounted to 





of this company for the second half 





ture included 1401/. paid for the use of patents. The 
‘traffic’? revenue of the com in December, 1876, 
amounted to 13,8551., as com with 10,1867. in December, 
1875, and 11,4291. in December, 1874. 


bal ge Paes weer on the Paris, Lyons, and Mediter 
ranean. — The ratio of the working expenses to the traffic 
receipts on the old network of the Paris, Lyons, and 
Mediterranean Railway amounted last year to 36.36 per 
cent., as compared with 37.50 per cent. in 1875, and 40.74 
per cent. in 1874. Upon the new network the working 
expenses ratio last year was 67.94 per cent. 


Three Great Enterprises —M. Ferdinand de Lesseps 
has been speaking in Paris on the three great enterprises 
which he rds as now occupying the attention of the 
civilised ete viz., @ rai across Asia, an American 


interoceanic canal, and an inland African sea. 


Bridges on the Grand Trunk of Canada.—The Victoria 
bridge at Montreal and the International bridges at Buffalo 
are both in good order ; the steam swing bridge of the latter 
worked throughout the last season of navigation in a satis- 
factory manner. The masonry of several bridges and 
culy been rebuilt in ashlar stonework, ing 
inferior stone masonry and brickwork. The wooden 
bridges (now chiefly confined to the Buffalo district and 
between Montreal and Portland) have received repairs 
and supports. 

German Railways.—The extent of railway in operation 
in Germany in March was estimated at 15,715 miles, Thi 
total presented an increase of 579? miles, as compared with 
March, 1876. 

A Dutch Canal.—A new canal from Amsterdam to 
Yminden for the use of large vessels has just been opened. 
The Taca, a screw steamer of 1490 tons burthen, passed 
through the canal in 34 hours. 


Belgian Mechanical Industry.—The Willebroeck Con- 
struction and Workshops Company has obtained an order 
oon the —— Cs or Ler ee veges Pet 

— s to espa’ ava. eir weight 
is about 400 tons. Some somewhat sbiliee Walden are 
also to be made for the Upper Italy Railway Company. 





THE METEOROLOGICAL SocteTy.—The usual month] 
a of this Society was held on Wednesday the 1 
inst. at the Institution of Civil Engineers r. H. 8. 
Eaton, M.A., President, in the chair. Stephen Bretton, 
J. Gulson Burgess, David Milne Home, and F. Gartside 
Tipping were balloted for and élected fellows of the Society. 
The following papers were read: ‘‘ An Improved Form of 
Mercurial Barometer,’’ by R. E. Power, F.M.S. im- 
provement consists in the use of a double column of 
mercury, so that in the event of a vacuum being formed by 
the escape of some mercury into the cistern, the shock is 
no longer felt by the tube but in the first place is received 
by the mercury alone and then reflected much diminished 
into the cistern, where it is modified by the presence of the 
atmosphere. At the same time, owing to the peculiar con- 
struction of the cistern, the probability of any mercury 
leaving the tubes is much less than in the case of the 
standard barometers at present in use. It is also believed 
that the congue of the double tube will do away with 
the — boiling the mercury. ‘‘The Relation be- 
tween the Upper and Under Currents of the Atmosphere 
around Areas of Barometric Depression,’’ by the Reverend 
W. Clement Ley, M.A., F.M.S. This paper gives a de- 
scription of the mean directions of the movements of cirrus 
clouds over the different segments of areas of depression. 
The subject is treated on its observational side, as it is net 
yet considered ripe for much theoretical discussion, but 
one or two points seem likely to throw’some light on the 
theory of the movements of the atmosphere. The diréc- 
tion of the upper currents round a depression is found to 
be most intimately related toghe direction in which the 
depression itself is progressing. In the rear of a depression 
where the mean direction of the surface winds is nearly 

el to the isobars, or at right angles to the radius, 

he cirrus current almost octeadina with the surface wind, 
except near the central calm. In the front of the depres- 
sion on the other hand, where there is the greatest in- 
draught near the earth’s surface, the upper currents flow 
greatly away from the centre. The current in the rear of 
a depression has, therefore, the test and that in the 
front the least vertical depth. The majority of our de- 
pressions travel towards some point between N. a a 
and so far as the author has been able to calculate, the 
mean height of our south-easterly winds is not half that of 
our north-westerly winds, even supposing the latter to 
extend no higher than the stratum of cirres. The angle 
deviation increases with the increase of friction, and it 
is possible, therefore, that the great incurvation of the 
surface winds in the front of a depression is closely related 
to the greater amount of friction which they encounter, 
for they are comparatively shallow currents, and experience 
resistance above as well as at their base. The contrast 
between the upper currents on the right and those on the 
left of the trajectory is quite as remarkable as that be- 
tween the upper currents in the front and in the rear, and 
it is very constant and well marked in its general character. 
As regards the centre, the upper current when traceable 
over this district commonly coincides, or very nearly, with 
the wind previously felt at the earth’s surface. ‘‘ Con- 
tributions to the Meteorology of the Pacific—The Island 
of Rapa,’ by Robert H. Scott, F.R.S. Rapa is a small 
island, 18 A é. in circumference, in the South Pacific, in 
latitude 27 deg. S. and longitude 144 deg. W. The obsger- 
vations were by Captain D. E. kellar, on board ° 
the dep6t ship Medas, during the period extending from 
December 15, 1876, to May 27, 1869. The climate appears 
to be an equable one. 
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American Locomorivss.—The Baldwin Locomotive WESTPHALIAN CoaL.—Several of the principal colliery 


Works, Philadelphia, have just closed a contract for | companies of Westphalia have formed an association for | in Perth Water, Western Australia 


Swan River.—A steam dredge which has been employed 


m removed to 


nineteen locomotives for Brazil. Fourteen of these locomo- | the exportation of coal. The obj of this movement is | the mouth of the Swan. The removal is corftemplated of 
r) o! 
tives are intended for the Dom Pedro Segundo Railway, | to stimulate the consumption of Westpbalian coal and coke | several sandbanks which now impede the nayigation of the 


and five are to be built for a narrow gauge road. abroad. river. 
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RACK-RAIL RAILWAYS. 


Tue idea of employing for the working of steep 
gradients a locomotive — with toothed gear 
which engages with a rack laid between the ordinary 
rails is a very old one, and as long ago as 1852 it 
was carried into practical effect in the United States, 
Messrs. Baldwin of Philadelphia having in that year 
built some ‘ rack-rail” engines for working the 
Madison incline—a gradient of 1 in 16}—on the 
Jeffersonville, Madison, and Indianapolis Railway. 
These engines were constructed on plans patented 
by Mr. A. Cathcart, and they were regularly 
employed in working the traffic of the incline in 
question until July, 1868, when Mr. Reuben Wells, 
the locomotive superintendent of the line, substituted 
for them an exceptionally heavy and powerful tank 
engine depending on its own weight for adhesion, * 













































































In 1857, too, Mr, Sylvester Marsh, of Chicago, 
applied to the State of New Hampshire for a charter 
for the construction of a line up Mount Washington, 
in the White Mountains, but his scheme was not 
received with favour, and it was not until 1869 that 
the line was really completed and opened for 


passenger traffic. Mr. Marsh’s scheme was an 
exceedingly bold one, but it has been thoroughly 
successful. The line} is about three miles in length, 
and has an average gradient of 1300 ft. per mile, or 
very nearly ] in 4, while its maximum gradient is 
lin 3, and the engine, which weighs about 7 tons, 
pushes up before it a passenger carriage weighing 
about 4 tons, the time occupied in the ascent being 
about one hour. 

The Mount Washington Railway was designed as 
@ passenger railway for transporting the great 
throng of summer visitors to the summit of Mount 
Washington, some 6000 ft. above sea level, and it 
may we think be fairly considered to be the first 
railway of its class. In Europe, however, the plan 
of employing a rack for mountain railways has I 
independently worked out by M. Riggenbach, 
whose persistent advocacy of the system led to 
its adoption in a number of instances, there being 


* An account of the Madison incline, and of the engines 
by which it was and is worked, will be found on pages 71 
and 106 of the seventh volume of ENGINEERING. 

+ Further particulars of this line, with illustrations, will 
be found on pages 354, 420, and 423 of our eighth volume. 








now eight rack railways on the Continent either 
working or in of construction. Respectin 

these lines and the introduction of the rack - rai 
system by M. Riggenbach, we propose to have a few 
words to say. 


M. Riggenbach, who was for twenty years the | 


locomotive superintendent of the Central Railway 
of Switzerland, had durmg that time under his 
charge the working of the line passing under the 
Hanenstein between Basle and Olten. On this line 
there is a very steep ascent commencing at the 
village of Sissach and extending about six miles 
with a gradient of 21 per 1000, or 1 in 47.6, to 
Laiifelfingen, where the main tunnel begins. At 
the very entrance to the tunnel a rising gradient of 
26 per 1000, or 1 in 38.47, commences and continues 
to the bridge over the Aar, near the Olten station. 
The length of this steeper portion of the ascent is 



































about 54 miles, of which 1} miles are in the tunnel 
and the rest in the open. From some years’ ex- 
perience M, Riggenbach found that the powerful 
six-coupled engines employed on this section of the 
line, although capable of drawing a load of 120 tons 
up the gradient of ] in 38.47 in the open, could onl 
take about 90 tons up the same gradient throug 
the tunnel, in consequence of the rails in the latter 
being continually in a moist and slippery state. 
In fact it was necessary to use sand uninterruptedly 
in order to obtain sufficient adhesion. This state 
of affairs, causing as it did a reduction of 25 per 
cent, in the effective work done by the engines, led 
M. Riggenbach to turn his attention to modes of 
rendering locomotives independent of ordinary 
adhesion when working steep gradients, and to 
thus enable them to work steeper inclines than 
can be dealt with in the ordinary way, and 
eventually he came to the conclusion that the rack- 
rail afforded the best means of attaining the desired 
end, After trying various models M. Riggenbach, 
in 1862, patented an improved mode of constructing 
rack-rails and locomotives with toothed gear work- 
ing into such rails, the well known firm of Andre 
Keechlin and co gh pee ys ane - necessary 
steps to secure the Frenc e ving pro- 
ceeded so far, M. Riggenbach tried hard to get an 
re agg am to make a steep gradient railway on 
rack-rail system, and for years he—to use his 
own words—‘“ travelled with his models like a 








Savoyard with his marmot” to attend any ae 
of engineers or others to whom it was desirab. 
that his plans should be explained. 
At length, in 1869, he found amongst his friends 
at Basle some = who rather to give him 
leasure than with any idea of starting @ profitable 
yusiness, procured him the means for the construc- 
tion of the railway from Witznau on Lake Lucerne 
to the summit of the Rigi, a total rise of 3937 ft. 
in a distance of about 3} miles. This line,* which 
was commenced in November, 1869, was opened 
for traffic in May, 1871, and the results obtained 
with it have been -most satisfactory. The line is 
worked by the locomotives of the pattern shown by 
the annexed Fig. 1, the first six of these engines 
having been built at the works of the Central Swiss 
Railway Company, at Olten, under the direction of 
M. Riggenbach, while the rack-rails, carriages, 


Fig. 3. 





Fig.6. 
























































trucks, &c., were also made at the same works. The 
gradients on the line vary from 1 in 5.56 to 1 in 4, 
while the curves are all of 180 metres (590} ft.) 
radius. The carrying rails are of the Vignoles 
section weighing 35 lb. per yard, and are laid to the 
ordinary gauge of 4ft. 8}in., while between them 
is fixed the rack-rail formed of two 43 in. by 2 in. 
channel irons connected by wrought-iron teeth. 
The locomotives, which weigh about 124 tons, have 
cylinders 10% in. in diameter, with 15} in. stroke, 
and the crankshaft is so geared that it makes 3.07 
revolutions for each revolution of the driving axle ; 
while the latter has carrying wheels 2lin. in dia- 
meter, and has keyed on its centre a wheel of the 
same diameter at the pitch line gearing into the 
rack-rail. The engine pushes up before it a single 
passenger carriage weighing 4 tons and carrying 


54 Dg re i 
1872, M. Riggenbach, seeing the technical and 
financial success of the Rigi Railway, left the Central 
Railway of Switzerland, and devoted bimself entirely 
to the construction of mountain lines; but at that 
time it was not proposed to start independent works, 
and he gave to the Schweizerische motiv und 
Maschinenfabrik, at Winterthur, orders on behalf of 
the Rigi Railway Company, or on account of the 
Société Internationale des Chemins de Fer de 
Montagne for locomotives:for the following lines: 
* A detailed account of the will be found 
antinumeeé: 
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i Railway ; wong - Railway, Vienna; and 
wabenberg Railway, Pesth. "These three types 
of locomotives are mted by the annexed 
Segue, Figs. 1,.2, 3 respectively, while a few 
ago (vide page 165 ante) we gave & detailed 
i of those for the Kahlen! line. 
It being, however, found that the locomotives above 
named were not quite free from defects, and the 
Société Internationale des Chemins de Fer de Mon- 
tagne, thinking it advisable to retain the manufac- 
ture in their own hands, they decided to start for 
themselves special workshops at Aarau, and from 
that time all the rack-rail engines have been built at 
these works under M. Ri bach’s superintendence. 
The engines thus built include those for the railway 
at P ; the Arth-Rigi (Fig. 4); the Rorschack- 
Heiden on the Lake afin ® ay) 5; the a 
mundigen, near Berne (Figs. 6 an or connecting 
large quarries to the line of the Central Swiss Rail- 
way ; the line to the royal iron works of Wasseral- 
fingen, Wurtemberg Cis. 8); and the line to the 
works of M. Caspar Honnegger at Riiti (Fig: 9). 
This last-mentioned line unites M. Caspar Hon- 
negger’s factory to the Swiss Union Railway at Riiti 
station, and presents a gradient of | in 10, the gauge 
being 4 ft. 8}in., so that the ordinary railway 
wagons can brought into the factory. The 
weight of the several locomotives constructed for 
these railways varies according to the construction 
of the lines and the loads to be dealt with, from 
10 tons to 30 tons, while the power . are capable 
of ape my varies from 80 to 400 horse power. 
The smallest rack-rail locomotive yet made is that 
(shown by Fig. 9) for the Riiti Railway, its weight 
being 10 tons, and it being capable of taking a load 
of 25 tons up the gradient of 1 in 10. Onthe other 
hand, the largest locomotives yet designed, and which 
will soon be at work, have been arranged for use on 
main lines, and weigh 30 tons, these engines being 
intended when working as ordinary locomotives to 
take a train of 120 tons up a gradient of 18 per 1000, 
or 1 in 55.5, at a speed of from 9 to 12 miles per 
hour, while when working on the rack-rail they are 
to take a similar load at a + of 6 miles per hour 
up a gradient of 1 in 20. For goods traffic it is 
roposed to employ two locomotives, one at the 
Front and one at the rear of the train, so that a load 
of 240 tons may be taken up. In these engines for 
main line traffic the arrangement is such that when 
a steep ient is being ascended by the aid of the 
rack-rail, the ordinary driving wheels become carry- 
ing wheels only, while, on the other hand, when the 
ae is being used as an ordinary locomotive, the 
-rail gear does not work. 

It has been objected that snow would seriously 
interfere with the working of rack-rail railways, but 
experience seems to disprove this, it having been 
found on the Ostermundigen and Rorschack-Heiden 
lines, which are situated in the coldest parts of 
Switzerland, that snow does not form a greater 
obstacle than on ordi railways. The first. 
mentioned of these lines has now been worked for 
seven years during winter as well as summer, while 
the latter has been in use two years, and notwith- 
standing the heavy snows of the winter just passed 
neither of them had to discontinue working. 

Altogether the rack-rail system has many points 
in its favour, and we regard it as decidedly prefer- 
able in every to Mr. Fell’s system of centre 
rail with horizontal gripping wheels. That its em- 

loyment will become iderably extended cannot 
doubted, and we may mention that the Govern- 
ment of Baden has ordered the survey of a line on 
this system from Fri to Neustadt, and to 
Donaueschingen in the Black Forest, this line having 
gradients of from 50 to 60 per 1000. Hereafter we 
shall probably have more to say about the rack-rail 
tem, but at present we may state in conclusion 
t there are at present thirty-two of M. Riggen- 
bach's rack-rail locomotives at work, these being as 
follows: On the Witznau-Rigi ten engines of the 
types shown by Fig. 1 on the previous page; on the 
lenberg six engines of the type shown by Fig. 2; 
on the Schwabenberg (Pesth) four of the type shown 
by Fig. 3 ; on the Arth-Rigi, five of che type shown 
by Fig. 4; on the Rorschack-Heiden three of the 
type shown by Fig. 5; on the Ostermundigen two 
sponenonn or Netgugncsuse legs. 6 and 7 ; on 
the Waszeralfingen (Wurtemberg) one of the t 
shown by Fig. 8; and on the Ruti one of t 
pattern shown by Fig. 9. 





Sresp Rats on tux Continent.—A contract for 
8940 tons of steel rails is about to be let at Bromberg to 
meet the requirements of certain local railways. 


THE COST OF DRIVING PILES.—No. II. 
The Gunpowder Pile Driver.—This was the well- 
known American Shaw pile driver, which has been 


in detail in Figs, 8 and 9. The frameis of plate and 
angle irons, resting on a i fitted: with 
wheels for travelling on a line of rails. These 
wheels can be easily removed when the machine is 
placed in a position for service in water. The 
construction is of great simplicity, and the whole 
machine ean be erected ready for use in half a 
day. The main beam of the frame receives the 
guides for the weight, and is composed of two 
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angle irons 5} in. by 3}in. by y% in. connected at 
the top by a cross T-piece of cast iron, and fastened 
below in cast-iron shoes, which are free to turn on 
a shaft mounted on the carriage. This arrangement 
allows the whole machine to be inclined when piles 
have to be driven atan angle. The two angle irons, 
G and G', forming the beam serve as guides; they 
are placed along the whole of the contact surface. 
They are also stiffened by transverse angle irons 
K, placed at intervals of 33} in. along the whole 
length, A T-iron H runs vertically the length 
of the beam connecting the transverse angle irons 
in the centre. The main beam is stayed by two 
angle irons 34 in, by 3} in. ty ye in, running from 
the top to the carriage, and by an J-iron J, 4} in. 
by 24 in. by yy in. jointed at and attached to 
the carriage between the brackets of a bolt 1,% in. 
diameter. Adjustment holes are made in this bar, 
through which the bolt can. be when it is 
desired to change the angle of the machine. The 
frame is divided into stages every 6 ft., formed of 
timbers supported by angle irons, The letters 
upon the engraving refer to the following parts: 

is the mortar of cast steel, and N the weight 
of cast iron, The piece M is elliptical in section, 
as shown, and embraces the of the pile by 
a recess in its lower part (Fig. 8).. In the upper 
part is a cylindrical opening in which the charge 
is placed. e diameter of this opening is 5} in., 
and its depth 243 in, The weight is cylindrical, 
with a recess in the upper part 84 in. in diameter 
and 21§ in, deep, It carries w a wrought. 
iron rod,. terminating in a piston with steel rings P, 





making a tight fit in the mortar M. In the under 





part of the.cast.iron crosspiece-T of the frame is 
fixed a second piston O, ding to the open- 
ing in the weight N. ‘The brake employed for 

ing the latter is composed of a T-iron F, 


considerably used in the United States, and shown | Stopping 


$$ in. by 24, in. by + in., with planed faces, and 
held in position by parallel jointed levers L, and 
moving upon the ~— fixed to the bracing 
of the main beam. he weight is adapted on 
its’ rear. face to receive the action of the brake, 
which is worked from below by a lever brought 
down to the carriage. This brief description will 
be understood by reference to Fig. 8, where it will 
be seen’ that a motion of the lever is sufficient 
to hold up the weight, or allow it to fall at any 
point in its travel. For further illustration, and a 
more detailed description, we may refer our readers 
to ENGINEERING, vol. xxi. pages 409, 410. 

The following are the principal dimensions of the 
apparatus used at Dresden : 


Total height above rails .. 36 ft. 1 in. 
Length of base carriage .. 11 ft. 1} in. 
Width ie at wes 8 ft. i in. 

», apart of rails ... 8 ft. 2% in. 
Weight of drop ° 1540 Ib 

2 mortar 1760 ,, 

se carriage... ooo - a 

a rest of apparatus ... 6600 ,, 


Making the total weight about 6 tons. The 
maximum length of the piles driven by the machine, 
in compact gravel, was 23 ft., and their diameter 
11.8in, The explosive employed was nitro-glycerine 
prepared with hardwood sawdust, rolled into car- 
tridges. It was found that the disruptive force was 
less than that of powder. The heaviest charge used 
did not exceed 25 grammes for compact gravel. On 
one occasion, in driving piles through gravel mixed 
with large basalt boulders, a charge of 35 grammes 
was used to drive apile 12 in. in diameter. The ex- 
plosion broke the mortar, but did not do any further 
damage, 

The machine is worked by two men, one for 
controlling it, and the other for introducing the 
charge. Six or eight workmen are also required to 
handle the piles, and move the machine. The 
weight N being suspended so high that the plunger 
has at least 39 in. elevation above the mortar M, 
which rests on the pile to be driven, the man work- 
ing the brake gives the order to fire. On this, the 
second attendant places the ‘charge in the mortar, 
the brake is released, and the weight falls, On the 
arrival of the plunger P in the mortar, which it fits 
closely, the air is compressed, forming an elastic 
cushion, the action of which is exerted on the pile, 
and helps to drive it by pressure, The air thus 
compressed from 20 to 25 atmospheres, is heated 
sufficiently to ignite the charge. Then to the force 
of the explosion, has to be added that due to the 
expansion of the gases, and the pile is forced 
downward, but without any shock. The pres- 
sure exerted on the pile is made up of the following 
factors: 1, the weight of the mortar; 2, the 
compression of the air; 3, the force of the explo- 
sion; 4, the reaction due to the expansion of the 
gases; 5, the weight of the drop itself, the influence 
of which is inversely proportional to the resistance 
of the ground, The descent of the pile continues 
until the resistance due to the friction and com- 
pression of the ground balances the forces at work ; 
at this point the recoil produces its effect, which in 
its intensity is proportional to the charge, and the 
reaction of the ground. This effect is shown by the 
sudden recoil of the weight which is driven upwards, 
and which is stopped at any given moment by the 
man in charge of the brake. ‘This operation demands 
care and skill, but if the brake is not applied 
promptly the travel of the weight is arrested by the 
fixed piston O, The whole operation is only the 
affair of four or five seconds, and it is repeated for 
10 or 15 rounds, after which there is a stoppage for 
greasing the piston, and allowing the mortar to 
cool, Various experiments made by M. Hacquard, 
and recorded by him in his report to the Annuaire 
of the Société des Anciens Eléves, showed that 
more than 20 rounds a minute with 20 gramme 
charges could not be exceeded. The mortar heats 
unless Soqeent stops are made, until the charge 
would explode as soon as it was introduced, and 
before the weight could descend, with the result of 
wasting the charge, and entailing the necessity of 
hauling up the weight by hand. Moreover, after a 
number of rounds, the expansion of the mortar is 
sufficiently great to destroy the joint between it and 
the plunger, causing a waste of gas to such an extent 
that the useful effect of the apparatus is seriously 





reduced, From these remarks it will be seen that 
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experienced hands are required to obtain the best. 
results with the machine. ? 

The gunpowder pile driver was tried at the Dres- 
den bridige works chiefly with an experimental ob- 
ject, a8 it was known that the apparatus was not 

ighly adapted for the special character of ground. 
It was first set to work near a hand-worked piling 
engine, on the river bank, the combined arrange- 
ment already described being used for the pier 
foundations. On account of the staging it was not 
found practicable to bring the pile driver down to 
the desired level, and it was therefore necessary to 
introduce between the ram and the head of the pile 
a timber about 10 ft. long. The gunpowder pile- 
driver was not found adapted for this kind of work, 
and longer piles were therefore employed and sub- 
sequently cut off. The time requ for driving 
averaged 40 minutes, divided as follows : 


Min. 
Actual time at work, 5 minutes } 20 
Delays for greasing, &c., 15 minutes *e 
Putting in place os ai ove vee 5 
Accidental delays, owing to traffic, Se 15 
Total /* ‘as 40 


The employment of powder, therefore, in crowded 
centres causes @ loss of time equal tomearly 30 per 
cent. of the whole period, owi pats of stoppages 
involved in selecting the propér ’ 
the charge. From the following Table, however, 
it will be seen that the loss of time affects. but 
little the actual result, the cost of powder being the 


In the work at. Dresden. the piles throughout 
were 7.5 in, by 7.5 in. square, furnished with 
similar shoes. The ground, moreover, was compa- 
ratively uniform throughout. The mechanical work 
developed by the hand machine in driving one of 
these piles to a depth of 78 in, was 145,808 foot- 
pounds, and for driving it to a depth of 83.85 in. 


16, BEXSS 85 156,744 foot-pounds. 


The equivalent of one ounce of powder in driving 
a pile in this ground was 
156,744 
53.7 


From the data obtained it was found that 
the mechanical work in the powder should be at 
least doubled in order that the gunpowder pile 
driver may com in point of cost with steam- 
worked machines, As to the best weight for the 
——— experience showed that the total cost of 
powder diminished in proportion to the increase in 
the charges, so that by augmenting them to the 
highest — limit the best duty is obtained from 
the machine, With a sufficiently strong mortar, 
and a monkey of corresponding weight, the maxi- 
mum charge has for its limit only elasticity of 
the pile, an elasticity which cannot be exceeded 
without breaking it. It is thus that in the instance 
above quoted the charge of .7 oz., corresponding to 
the resisting power of the mortar, gave 6 per cent, 





=4222 foot-pounds. 




















principal item, which in thi work, | ruptured piles, and determined for practice 
amounted to two-thirds the total outlay, ‘| the maximum charge, and therefore number of 
TABLE No. IV.—ComPARative Cost AND Dury or pirreREnt Prue Drivers. 
Bridges on the Elbe. Bridges on the Danube, 

Aussi Tetschen, Mauthausen |Steyerreg, 

Dresden, 1875. tera” | era. "| 1969-70. | 1670-71. | tora 
DESCRIPTION. REMARKS. 

Gun- jCombinied| Hand | Hand | Ordinary} Hand | Ordinary | Ordinary 

pow | an Pile | Winch | Steam | Wish | Steam | Steam 
Driver Driver. Driver. | Driver. | Driver. | Driver, | Driver. | Driver. 
Position of apparatus ... _.../On Shore. In River. On Shore.| In River. | In River. |On Shore. In River. In River. 
d of current in miles 
- Ray be “ oe oon ood 81 eo 4.2 3.02 ne 6.9 6.2 The speed of 
Height of apparatus ose ..| 36 ft. Lin. [29 ft. Gin. | 96 ft, 2in. | 39ft.4in.| 46 ft. 46 ft. 46 ft. 46 ft. the current 
Weight of ram in pounds... eos 1540 1100 741 1320 1760 1760 1760 1760 was mea- 
Depth driven by first blow «| 31,9in. 5.9 in. 3,94 in. 5.9 in, 9.8 in. oF ia, 787 in. | 19.7 in. | suredonthe 
a ie last blow | 1.2in 24 in. 20 in, re ‘ surface and 
Number of pilesdriven ... _... 90 106 90 100 120. },) 20 , 300 400 at mean 
Weight of iron shoes in pounds 13.2 26.4 13.2 16.5 16.5 * 83 £33 16.5 tides, 

Form of iron shoes wee eee 4 branches}4 branches/4 branches|4 branches|4 branches} Fail Foll, |4branches 

Dimension of piles in middle {| 7? in. by} Uiéin- Tee? f [t-sin. dia.|118in. dia.|11.8im. die./13,8in, dia.|13.sin. aia, 

Length of piles ... «» «(19 ft. Sin.| 29ft.6in. }i9ft. Sin. /S9ft.4in.| 46ft, | 32 ft, 9in.| 32 ft. 9in. 39 ¢t, 4 in. 

Mean length driven per pile .,.| 7 ft. 7ft. | 6ft, Zin. | 6ft,7in. |9ft. 10in./l1 ft. Gin.) 9.10ft. [16 ft. 4 in. 

©. ft, |10.26 c. ft. }17.07 c. ft. 


Cubic feet of piles in ground 


Total lengthdriven... ... «| 630f% 742Tt. (592 ft, 6in, 1180 ft. | 280-ft. 2950 ft. 5233 ft. 
» cube feet driven ... ...| 2467 526.8 y 
Duration of work in hours.., ... 65 66 ~ "208 
Cost of labour ... un ewe] 7-440. 11,251... | 47,251, 
Total number of labourers 7 Wd Wf 85 7 6 7 10 10 
Average wages per man per hour 3.74. 3.724. 3.72d. 
Cost of labour per footrun .,,) .725d. 51d. |. 46d, 
~ i cube ...| 2.83, 3.644. 19.374. 
» tools perday  ... ad 158. 15a. 2.58, 
~ for the whole of the 
WOE .co nce ove ove | 40.178 41.198, | 13%, 10s 
Cost of tools per foot run es) 1.85 1.64, 54d, 
cube 4.65d 2.254. 46.74, 


Total weight of powder employed 212.41. 
Mean depth driven per ounce o 


powder... ose cco ees} 2.22 in, 
Mean weight of cartridge onl .7 02. 
Total number of cartridges =a 4827. 
Number of cartridges per pile ... 53 
Total cost of powder... ees] 24,137, 
Powder used per foot run... ooo 9,25d, 
o os cu «| 235d, 
Time occupied in driving each pile} 40 min. 72 min 
Ave: number of piles driven 
per Ae ode ese ote = 1,40 1.60 84 
Average height of fall of ram ...| 55.11 in, | 99.42in. | 39.37 in 
Total actual cost ... og se-| 36,482. 16.91. 48.62. 
” » per footrun ...| 13.92d. 5.34, 19.7d. 
” ” ” cube ,., 35.6d. 7.474, 48d. 














s.| 2.78 c, ft, | 4.97 ¢.ft | 2,70 ¢.ft. 14.5 cub. ft.| 7.52c. ft. | 8.75 
658 ft. 


0.4 0.35 0.20 0.50 0.50 
59 in. 78.75 in. 118 in, 19,68 in.| 157.5 in. 




















The proportions of actual cost in working of the 
three apparatus under consideration are as follows : 
1. For the three piling engines combined ... 1. 
s gunpowder pile driver «2 «.' 2.4 
| es and piling engines cba »» 6.78 
_ In the second the powder is of course the most 
important element, and it is therefore essential to 
employ the most suitable and to use it with the best 
result. The comparison of the actual work being 
known, as well as the foot-pounds of work for dif- 
ferent: grounds, and the work ounce of powder, 
coefficients can be obtained from which it will be 


shots required. From the foregoing considerations 
it results : 

1. The nature of the ground itself, reacting more 
or less upon the pile, is the chief factor, which in 
offering resistance to the descent of the pile, modifies 
considerably the weight of the charges empl 
2. In soft or loose ground, the employment of light 
charges will produce extraordinary results, while in 
hard ground only very small charges can. be used, 
producing insignificant results. The experience in 
the use of powder in very hard and difficult ground 
having been given, it. will be interesting to give 





possible to decide in advance whether. the use of 
powder will be economical:or noti,, seni vo 


corresponding ones obtained under favourable cir- 


THE PENNSYLVANIA RAILROAD, 
No. XXII. —Tue Atroona SHO continued). 

20. Tin Shop.—This is situated over the east wing 
of the old erecting shop, and all the light sheet-iron 
and tinwork is made here. The former includes 
smoke stacks, wheel casings, dome covers, sand 
boxes, head and signal lamps, oil tanks, &c. The 
tin workers turn out all kinds of oil cans, for en- 
ginemen and oilers on the road, and in the shops, the 
supplies required by the offices, covering for loco- 
motive cars and roofs. A considerable quantity 
of brass and copper work is also done here, 

21. Offices.—Before the new erecting shop was built 
the offices occupied its site, and when removed they 
were placed at the north end of the building on the 
east of the transfer pit, as shown on the plan. The 
general offices, as already stated, are situated in the 
town at some little distance from the shops. The 
stores are kept wherever room can be found for 
them, the present accommodation being extremely 
bad in this respect. Plans are now being prepared 
for new buildings, in which the locomotive super- 
intendent’s offices, drawing office, physical test de- 
partment, laboratory, storekeeper’s room, and stores 
will be placed, The building will be commenced 
shortly. 

22. Night Watchmen.—A complete system of night 
peg ye is of course carried out here. The whole 
of the shops and yard is divided into four sections, 
and two watchmen take charge of each section, 
Indicator watches are carried by each of the patrols, 
and at certain points along the different beats others 
are attached to the walls of the buildings. The 
watchman is required to turn one of these keys in the 
watch each time he passes (at intervals of twenty 
minutes). The key punctures a paper dial in the 
watch, and by inspection in the morning, it is ascer- 
tained when the man has been making his rounds 
during the night. It is divided by radial lines into 
twelve parts syne | the hours, and each of these 
spaces is again divided into six, each representing a 
period of ten minutes. The annular space around the 
periphery is also divided by concentric circles. The 


‘time at which a perforation is made is then seen at a 


glance, as well as if any are absent, The watches 
are handed each morning to a foreman who unlocks 
them, takes out the old dial and replaces it with a 
new one for the following night. Besides the four 
watchmen just referred to, there is a head patrol and 
an assistant, who make a round every hour, and 
es y visit the head-quarters of each section. 
An ample supply of fire-hose is kept in readiness, on 
suitable i placed near the hydrants, to 
which the hose is always coupled up at night. 

23. Men’s Lavatory, §c.—Between the new erect- 
ing shop and the machine-shop is an open court, in 
which is placed a low building, arranged so as not 
to obstruct the light for the shop just named, This 
is divided into three parts, one of which is fitted up 
for the men to wash their hands on leaving work, 
the second is a bath for cleaning work brought in 
from the engines for repair, and the third is used as 
the men’s water-closet. The first room is provided 
with a long trough, to which hot and cold water is 
supplied, with a raised shelf running down the 
middle for soap and brushes, and wires for hanging 
towels upon. The middle room contains two sheet- 
iron baths, into which dirty work is thrown and 
covered with water, in which a strong solution of 
soda is placed ; through a perforated pipe on the 
bottom steam is then » which heats it, and all 
grease and dustis very quickly removed. 

The water-closet and urinals are placed over an 
open sewer keptkept constantly running, it being con- 
tinually flushed by the water pumped from the well 
of the new erecting shop, and delivered into the 
upper end of the sewer. Connected with this part 
of the building is a tall sheet-iron chimney, extend- 
ing as high as the roof of the shop. The exhaust 
steam from the pumping engine is turned into this 
chimney, and by causing a rapid current of air, 
maintains a perfect ventilation in the closets, 

24, The Department of Physical Tests.—This isa very 

ing though scarcely completed section of the 
works. It contains two testing machines, one of 
which was supplied by Messrs. Fairbanks and Co., 
of Johnsburg, Vermont. This machine is designed 
to test material to a strain of 60,000 lb., and is 
adapted only for tensile and transverse strains. The 
machine has a scale for reading absolute deflections 
or extensions to .0] in., and is supplemented by a 
vernier which gives readings to .00lin; Measure- 
ments are taken between the shoulders at the ends 





of the test pieces, which are always of uniform size, 
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and a percentage of elongation is thus obtained on 
a definite length. The diameter in widths of 
samples are calipered to .001 in. When determined, 
the load producing permanent set, and the ultimate 


strength, are stamped upon the sample, which is 
indexed and placed in store. The principal materials 
tested for tensile strength are iron and steel bars, 
cast iron from the shop foundries, steel boiler plates, 
sheet iron, phosphor bronze, brass, and brake chains. 
The test for transverse strains are principally confined 
to cast iron, from the general and the wheel 
foundries ; usually four samples from the former 
and two from the latter are tested daily. The 


pieces are all 15 in. long and 2 in. square, and are | 


put into the machine just as they come from the 
sand. As previously described, these test pieces 
are run from different parts of the same cupola 
charges, and they are broken by the application of 
a load in the centre, the bearings being 12 in. apart. 
The average breaking weights of the wheel mixtures, 
containing 10 per cent. of steel, is 21,0001b. per 
square inch, and the tensile strength is about the 


same. The strength of the samples taken from | 
engine cylinders, wheel centres, &c., is generally | 


about 14,000lb. per square inch in samples first 
taken from the cupola; about the middle of the 
charge this increases to 16,000 1b., and rises to 
18,000 Ib, at the end, where the metal is much 
harder from the mixture used, These stronger 





of all samples | upon this work. In testing axles one is sele at 


irons are employed for special pw ota such as| sheave at the top. An old locomotive is employed 
D 


brake blocks, &c. The tensile stre 


is about the same as the transverse strengths given | random out of every hundred, and if it stands the 


above. 





THE DELAWARE WATER GAP. 


The second testing machine is for recording tor- 
sional strains, and was designed by Professor R. H. 
Thurston. This machine produces during its opera- 
tion a diagram indicating the value of the test. 
An ordinate to the curve, perpendicular to the 
datum line, measured at any point, represents the 
moment of torsion at that point, while its dis- 

| tance on the datum from O indicates the angle 
of torsion at that point. The point of decided 
change in the direction of the course, a short dis- 
| tance from the commencement, marks the elastic 
| limits of the test piece, and various other results 
| can be deduced from the diagram ; thus the degree 
of toughness is indicated, the resilience is shown 
by the area of the diagram, the homogeneity of the 
test piece from the form of the curve, and elasticity 
by occasionally relieving the sample of strain, and 
noting the deviation of the pencil. 

Belonging to the same department, but in another 
part of the works, is the testing machine for car 
| axles. These are placed under a drop, supported on 
bearings of cast iron, 3 ft. apart from centre to 
centre. The drop, which weighs 1640 \b., strikes 
the axle in the middle of its length, and is raised in 
vertical guides by a wire rope passing around a 





















test the lot is accepted, if not they are all rejected 


For the passenger steel car axles the required test 
is that they shall withstand five blows from the 
1640-lb. drop falling through 25 ft., the axle to be 
turned half round after every blow. A similar per- 
centage of the steel freight car axles is also placed 
under test, the requirement being five blows from a 
height of 20 ft., and for iron freight car axles, three 
blows at 10 feet, and two at 15 ft. 

Table No, VII. on the opposite page shows the 
performance of the steel axles under test, and also 
indicates the method in which the results obtained 
are officially recorded. 

Lubricants are also tested in this department. 
For this purpose a journal 1,4 in. in diameter, and 
running at a s of 2200 revolutions per minute 
is employed. The journal is placed horizontally, and 
from it depends a pendulum with an adjustable 
weight; this pendulum is supported on the journal 
by brass boxes, which can weighted so as to 
bear upon the journal with a pressure varying from 
the weight of the pendulum to 210 Ib. by means 
of a spiral spring. The brass bearing above-men- 
tioned has set in it a thermometer, and in testing 
the lubricant, a given quantity of oil is placed in the 
journal, and the pressure is adj as desired. 
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From the foregoing results the data summarised 
in the following Table are obtained. 
Tasuz No. IX.—Data pitas from Tests of Lubricating 





EXPERIMENT B. 
Average coefficient 
Rise in temperature 

© minute per 

Too Ib. pressure 20.2 deg. 


EXPERIMENT A. 
Average coefficient .1120 
Rise in temperature 

r minute per 
00 lb. pressure 19.40 deg. 


1117 





Mean coefficient from both experiments .11185 
Mean rise in temperature per minute 
per 100lb. pressure ai .-. 19.8 deg. 





Nature of oil—Synovial oil. 
Made by Lester Oil Company, New York. 
Gravity, ry Beaumé. 

Date of test, June, 1876. 

All the experiments relating to the relative effi- 
ciency of engines, the values of fuel, the performance 
of packing, bearings, &c., are carried out in this 
department. In testing the value of two different 
kinds of coal, two similar engines are selected, and 
put upon the same work daily, each burning one 
class of coal until half of the experimental quantity 
is consumed, During the remainder of the trial the 
class of coal burnt by each engine is reversed, so that 
any slight error arising from difference in the engines 
can be eliminated. Of course during the trial, re- 
cords are taken of coal and water consumed, weights 
of trains, steam pressure, condition of the road, 
weather, running time, and so on. 

On an average about 1800 hands are cmanepes at 
the Altoona shops, the capacity of which is 150 
locomotives a year, and general repairs to as many 
more. 





THE UNITED STATES REVENUE 
STEAMER “RUSH.” 

On page 129 of our nineteenth volume we pub- 
lished a valuable report by Chief Engineer Loring, 
U.S.N., and Mr, Charles Emery, of New York, de- 
tailing some interesting experiments which had been 
carried out by them on the steam machinery of 
the United States Revenue steamers Rush, Dallas, 
and Dexter, while in the same volume (vide pp. 133, 
153, and 177) we gave an analysis by Mr. Emery of 
these experiments, and of those carried out by Mr. 
Emery himself on the engines of the steamer Bache. 
More recently also (vide page 123 of our twenty- 
first volume), we gave a report, also by Chief 
Engineer Loring and Mr. Emery, on the per- 
formance of the engines of the United States 
Revenue steamer Gallatin, the results obtained in 
the cases of the Rush, Dexter, and Dallas being 
then again referred to. As asupplement to these 
various records of experiments we now pee to 
publish engravings showing the leading features of 
the engines on which the trials were made, and to 
commence with, we this week, on page 417, give en- 
gravivgs of the Rush, while we also publish a two- 
page engraving showing general views of the en- 
gines with which the vessel is fitted. 

The duties of the United States Revenue steamers 
are in general to prevent smuggling at the principal 
ports under the direction of the Collector of Customs, 
and to assist vessels in distress. For the latter 
purpose, during the winter months, they are detailed 
to regularly patrol the coast, the cruising grounds 
meeting or overlapping each other. This service 
acts in conjunction with the Life Saving Service 
which bas numerous stations along the coast, and 
is under the same general direvtion in one of the 
divisions in the Treasury Department. 

In the winter of 1869-70 the Secretary of the 
Treasury appointed a special commission, consisting 
of Honourable C. i , Patterson, then connected with, 
now Superintendent of, the United States Coast 
Survey, and Captains Merryman and White, of the 
United States Revenue Marine Service, to report in 
substance such changes as in their opinion would 
inerease the efficiency of the Revenue Marine 
Service and be productive of economy in its manage- 
ment, ‘The recommendations of the report were in 
substance adopted, and among other matters the 
officers of the service were re-examined and an im- 
portant change made in the size and description of 
the vessels for the duty. Previously, several vessels 
of 400 to 600 tons had been men some of which 
were powerful paddle steamers, and a few very 
heavily sparred to do duty under sail. It was de- 
cided to build the smallest size of propeller steam: rs 
which would furnish accommodation for officers 
and crew and limited stores, and carry machinery 





of sufficient power to obtain a high speed and enable 
assistance ta be rendered to coms in distress, Sails 
were in general to be applied only as auxiliary to 
steam. 

The United States Revenue steamer Rush, illus- 
trated as before stated on page 417 of our present 
number, is—as respects the size and general arrange- 
ment of the hull—a fair specimen of the present 
type of revenue steamers, The machinery varies 
for the different vessels, thereby furnishing facilities 
for making the experiments referred to. The follow- 
ing are the general dimensions of the — 


. in 
Length overall ... on a . 140 0 
Py between perpendiculars at water- ‘ 
ine ... se ae a ae “e 
Breadth of beam moulded... 22 5 
” 9 extreme ... oe ine 
Depth of hold from top of floors to top of 
eck beam ... eco oe ‘ia ian 0 
Load draught of water aft... 8 10 
Displacement to load line ... 370 tons 
Tonnage C. H. M. 


The internal arrangement and details of con- 
struction of the hull will be understood from the 
engravings. 

A general description of the engines and proportions 
of boilers of the Rush were given in connexion with 
the record of experiments referred to in ENGINEERING, 
vol. xix., page 129. We may, however, repeat here 
that the vessel is provided with a compound engine 
of the intermediate receiver type, with high and 
low-pressure engines connected to cranks at right 
jangles. The cylinders are respectively 24 in, and 
|38in. in diameter, with 27in. stroke of piston. 
| The hull was designed by Captain J. H. Merryman, 
U.S.R.M., the engines by Mr. Charles E. Emery, 
consulting engineer of the United States Revenue 
Marine Service, and both hull and machinery were 
built by the Atlantic Works, East Boston, Mass. 

In our two-page engraving Figs. 1, 2, and 3 are 
elevations of the engine complete, while Fig. 4 is a 
corresponding plan. The general arrangement is so 
clearly shown by the drawings that we shall not 
attempt any a of it here, but shall leave 
special features to be pointed out when we publish 
engravings of the principal details of the engines, as 
we propose to do in an early number. 

(To be continued.) 








H.M.S, ** THETIS.” 
To THE EDITOR oF ENGINEERING. 

S1r,—Although your engraving and description of the 
screw propeller of the Thetis explain the position of it 
after the accident, they do not give the cause. 

It seems that the ship had m aground and carried 
away the false keel at the after part of the ship, and in 
doing so bent up the brass casting shown in your engraving 
as connecting the two stern-posts at the bottom. The 
extremities of the {blades of the screw propeller came in 
contact with this casting so bent, and slightly bent round 
the points of the blades, and the strain in doing so carried 
away the after stern bracket which supports the propeller. 
This will explain also the difficulty of turning the engines 
round by band. 

The lifting gear for the screw propeller is after the plan 
of Admiral Sir William King Hall. the propeller having 
been lifted out and replaced with facility while the ship was 
afloat on more than one occasion previously to leaving 


——. 
he Thetis is a full ship-rigged frigate with compound 
| engines of 350 nominal horse power. 
I am yours, 
AN ENGINEER. 











THE LOCAL GOVERNMENT BOARD AND 
THE LIERNUR SEWERAGE SYSTEM. 
To THE EDITOR OF ENGINEERING. 
S1r,—The opening sentence in the recent Report of the 
Local Government Board upon the Liernur sewerage system 
(which Report is commonly called Mr. Rawlinson’s Report), 
states that the system known by the name of its inventor, 
Captain Liernur, is one for dealing with the “solid of 
human excreta, not with town sewage.’’ Strange to say 
Captain Liernur believes, notwithstanding Mr. Rawlinson, 
that his system does deal with the whole of town sewage, 
and points to his writings to prove it, and to the writings 
= by me in this country ; and marvellous to say the 
vernment Sanitary Board of Holland, after carefully 
watching the operation of those subdivisions of the Liernur 
system adopted in that country for at least six years, have 
(also notwithstanding Mr. 5 Soe Poe unanimously re- 
a the water-carriage ‘‘ system’’ as dangerous to public 
ealth inside the cities, and recommended the adoption of 
the Liernur system all over Holland, except in places where 
the population were too scattered. Remembering Mr. 
Rawlinson’s description of the system as one only for 
dealing with the solid of human excreta, the reader will 
rhaps be surprised at the following resolution passed 
y the said Board. 
“No other system answers so fully and so well all the 
claims that can be put to the collection and removal of 
excremental matter, of slops and house water, and of the 





soiled waste water of factories, and to the regulation of the 





subsoil water as the Liernur system does, as well from a 
sanitary as from an esthetic, technical, and economical 
Se and financial) point of view.”’ 
hat is the Liernur system it may be asked, and briefly 
the answer is as follows: It consists of several subdivisons. 
By the pneumatic subdivision excremental matter solid and 
fiuid, and the sedimentary products of kitchen sinks 
separated from the bulk of the water accompanying them, 
are to be collected, and utilised by being redu into a 
concentrated dry product, containing all the manurial in- 
gredients of the original fluid. By the sink sediment 
separator all air connexion between houses and sewers is 
cut off, and by the pneumatic system all excremental 
pollution of air, soil, or water is rendered impossible. Water- 
closets or closets without water (the poor man’s closet) can be 
used. Manufacturing refuse is purified separately. Street 
detritus is not allowed to enter sewers, being detained by 
upward filtering mud-gully buckets, and removed by 
scavengers. Sewers, where not already existing, are con- 
structed differently to those generally built, being made 
impervious, to prevent pollution by sewage of the subsoil of 
towns, and the subsoil is systematically drained by agri- 
cultural drain pipes. Common sewer water, where 
required, is purified by gas-coke filtration. Excremental 
matter, street detritus, manufacturing refuse, and sink 
sediment being kept out of sewers; this purification is 
—_ and inoffensive, and the coke being afterwards 
used for the pneumatic furnace the cost is that of labour 
No enormous intercepting sewers are required, the 
place wherever large sewers, or a 
ones connected for the purpose, empty 


only. 
purification —s 
collection of sm: 
into streams. 

On the 7th of April, 1875, I read a paper at the Society 
of Arts, ‘‘ On the Liernur System,”’ in which most of what is 
above referred to was given, of course in greater detail. Mr. 
Rawlinson was present, heard the whole paper, and spoke 
twice in the discussion (see Journal). can only 
assume that in saying the Liernur system was simply one 
for dealing with the solid only of human excreta, and not 
with town sewage, and in omitting all reference to any 
other subdivision but the pneumatic one, while practically 
blaming Captain Liernur for not dealing with the other 
sewage than solid ‘human excreta, Mr. Rawlinson was 
afflicted with an entire loss of memory. 

The same cause can scarcely account for what on the face 
of the facts would appear to be numerous errors, misre- 
presentations, and suppressions in the Report. Of the 
character of a few of these the reader may judge 
for himself. I will state the facts and authorities in 
parallel columns with what the Report states, and leave 
the reader to draw what inference he pleases. 


Remarks. 

1. There are no means in the 
closets of separating the fluids 
from the solids. The Commis- 
sioners do not describe any pro- 
vision for such separation; on 
the contrary they say the closets 
are used like water-closets. 


The Report. 
1, The Local Government 
Board Commissioners com- 
mence by saying that the Lier- 
nur system deals only with the 
solid of human excreta. 









































2. The Commissioners say 
they visited Dordrecht and in- 
ted the tic system 





2 


a 
there. 


3. The Commissioners say, 
that the Liernur closets without 
water “depend for their action 
upon a perambulating turncock,” 
viz., upon air suction to empty 
them. 

4, The Commissioners reason- 
ing on what they think must 
happen with this closet of their 
own invention, go on to say, 
“If the servants pour in slops, 
and the pan is full before the 
time for turning on the vacuum 
comes round, full it must re- 
main, and if there is overflow 
the nuisance must be endured. 
This would be found intolerable 
in English houses.” Does this 
mean that such overflows would 
be tolerable in a Dutch house? 


5. Of ‘course it would be ex- 
pected that such an important 
favourable opinion as that of 
Mr. Rawlinson referred to oppo- 
site would be found in his Re- 
port, the inoffensiveness of the 
conveniences in the houses 
being certainly a very vital point. 
Not one word, however, of this 
appears in the Report nor any 
favourable allusion at all. On 
the contrary, the public are left 
to believe the closets to be the 
disgusting things described at 
Sand 4, and care is taken by 
suppressing the favourable in- 
formation to prevent the un- 
favourable impression thereby 
created being disturbed, 


For confirmatory evidence 


2, The Commissioners did not 
visit Dordrecht, nor did they 
apply to the authorities for any 
official information whatever. 
Yet I had previously informed 
them that in that town alone 
would be found the permanent 
central station arrangements of 
the system, those in other towns 
being mostly provisional only. 

3. These closets do not depend 
upon a perambulating turncock 
for their action, nor do they re- 
= to be emptied by air suction. 

hey empty themselves by 
gravity. 

4. This theory so gravely put 
forward falls with the false 
premises on which it is based, 
viz., that the closets require to 
be emptied by air suction. In 
pans let me remark that there 
s no pan to getfull. The closct 
is @ funnel with direct open 
syphon connexion with the soil 
pipe. To try and fill that funnel 
by pouring in slops would be 
like trying to fill a bottomless 
quart simply an impos- 
sibility, Still it is quite true that 
if Mr. Rawlinson poured slops 
into the sea, and ¢f in conse- 
quence the sea overflowed, the 
nu‘sance must be endured. 

5. Mr. Rawlinson is reported 
to have said to the deputation 
from the Winchester corpora- 
tion who visited him, as pub- 
lished in their local paper, that 
their Liernur closets without 
water “were inoffensive on ac- 
count of the perfect ventilation 
and the down draught.” To the 
borough engineer of Southport 
he also made tbis noteworthy 
statement, ‘‘I did not believe you 
when you said these closets were 
inoffensive, nor did I believe 
Mr. Scott, but now I have seen 
them myself they certainly are 
inoffensive.” 


as to the inoffensiveness of 


these closets by those who have seen them in all classes of 


houses in Holland, I refer to 


that given by the = om oe | 


gentlemen. In most cases the evidence is published an 
shows the Liernur closet to be superior to ordinary English 
water-closets as regards freedom from all effluvia. Dr. 


Buchanan, m 


edical inspector of the Local Government 


Board ; chairman and deputation from Charlton Sanitary 
Authority; A. I Bennett, encbaster; Messrs. Maxwell and 
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Tuke, architects, Bury ; Southport corporation deputation ; 
Colonel Haywood, engineer to and sent by the corporation 
of the City of London ; W. Allan Carter, C.E., Edinburgh ; 
A. L. Cousins, C.E., Dublin; Councillor Tickell, Dublin 


corporation ; G. Macnie, Dublin North Union Sanitary 
Authority; A. R. Abbott, Tottenham, Sanitary Autho- 
rity ; W. G. Flynt, Southport; Dr. I A. Russell, 


late principal demonstrator of anatomy, University of 


Edinburgh ; RB. Carr Harriss, C.E., Ottawa, Canada; Dr. | gull 


Gordon K. Hardie, late Inspector-General of Hospitals ; T. 
A. Paget, C.E., London; John Lessels, architect, Edin- 
burgh ; Dr. Ritchie, Belfast corporation; M. Ogle Tar- 
botton, C.E., Nottingham ; Colonel Waring, C.E., Boston, 
U.S.A.; and W. A. Power, commissioner sent by the Irish 
Local Government Board. 

6. The pneumatic system, the 
Commissioners say, “ Is compli- 
cated in its construction and 
working arrangements, and con- 
sequently liable to derangements 
which are sometimes difficult to 
mend.” 


6. The statement of the Am- 
sterdam Alderman of Public 
Works (thehighest authority on 
the question) 3lst of July, 1875, 
says, “ The results obtained can- 
not be called otherwise than 
satisfactory. What many 
deemed impracticable has 
proved practicable, what seemed 
complicated is now to most 
men plain and easy,” 

The secretary of the City of 
Leyden testifies (4th of January, 
1876, confirmed by letter to 
Society of Arts Conference 
under date 28th of’ April, 1877), 
that ‘there are never any ob- 
structions nor difficulties in 
working the Liernur system.” 

The Director of Public Works, 
Dordrecht (see Society of Arts 
Conference, 1876) says, “The 
penumatic system of collection 
leaves nothing to be desired 
- ..+« I cannot fail to utter the 
wish that its adoption may soon 
become very general.” 

No other towns in Holland 
have the pneumatic system in 
operation, 

7. Mr. Kist says, “As there 
appears to bea misapprehension 
that the town council have re- 
solved not to extend the system, 
Ibeg to state this,is a mistake. 
It has given such perfect satis- 
faction that divers commissions 
in separate reports have recom- 
mended the preparation of 
plans for extension to the whole 
town. The obstacle has solely 
been the financial one, and 
this I have no doubt will, by 
the manufacture of poudrette, 
as shown experimentally at 
Dordrecht, be overcome. The 
authorities paid an official visit 
of inspection to the manufac- 
ture at Dordrecht, but the ques- 
tion of extension has not yet 
come up again for considera- 
tion.” 

8. Mr. Kist further says that 
he saw the Commissioners (and 
they say he showed them the 
them by Mr, Kist, butif hisstate- works), and he says he gave 
ment as opposite be true, the them “the strongest possible 
important favourable testimony testimony of the undoubted techni- 
is suppressed by the Commis- cal success, of the system.” I 
sioners. Ontheotherhand they may add that all other deputa- 
could scarcely condemn the tions that have seen Mr. Kist 
system on technical grounds in tell me that he gave them similar 
stronger terms than they do. testimony, and none of them 
Saorely this requires explana- have been misled by him on this 
tion! point or that dealt with under 7. 

9. The Commissioners infer 9. The authorities at both 
that the pneumatic gets out of Amsterdam and Leyden have 
order on account of /eakuges. stated officially in writing that 
they are not troubled by leak. 
ages—in fact that leakages do 
not occur, 

10. Might I not ask the Insti- 
tution of Civil Engineers to offer 
@ prize for an essay on these 
wonderful engineering reve'a- 
tions, adding for consideration 
the - question. whether, in a 
similar way, the power of a 
donkey and steam to move 
solids is not also as their relative 
weights and velocity ? 

By the way, those who have 
seen the Liernur manure as it 
exists in and comes out of the 
pneumatic system, say there are 
no such things as solids to be 
found. 

11. Captain Liernur did not 
take Mr. Rawlinson's advice, 
and, upon the success of his 
poudrette manufacture at Dor- 
drecht, an official invitation to 
the Commissioners to inspect it 
was sent. by permission of the 
authorities, based on the fact 
that it was understood that they 
condemned the process as being 
practically an économic impossi - 
bility. Their Report was not 
then by some months issued; 
Mr. Rawlinson declined the in- 
vitation, and in his letter said 
that even if he could go the 
Local Government Board “could 
not interfere between Captain 
Liernur and the public.” 

The Irish Local, Governmént 
Board did send, and in their re- 
port, and by their own analysis, 
value the poudrette at 9/. a ton. 


7. The Commissioners say 
that Mr. Kist, the town clerk of 
Leyden, informed them that 
“the Council did not propose to 
extend the pneumatic system 
because of the great expense.” 
Compare this with the state- 
ment made by Mr. Kist in 
letter to Society of Arts, 28th of 
April, 1877, for their sewage 
conference, as on opposite side. 


8. The Commissioners, in an 
appendix, allege that they give 
the information imparted to 





10. Thegem of the Report in the 
Commissioners’ own minds is: no 
doubt their comparison between 
the water carriage (or gravita- 
tion) system and the pneumatic 
(or combined air pressure and 
gravitation) system contained in 
one ungrammatical'y finished 
sentence, viz: ‘The power of 
air and water to remove solids 
through pipes being as their re- 
lative weights and velocity, and 
pad to water by weight as 800 
to 1.” 


11. The Commissioners say 
that oe Liernur “ proposes 
to dry the manure, and that this 
process must, however, greatly 
reduce any remuneration to bé 
obtained by sale.” Mr, Rawlin- 
fon, at Society of Arts (see 
Journal), April 7th, 1875, said he 
“would strongly advise Captain 
Liernur not to attempt it, as it 
would only complicate the 
system still more, and probably 
the product would be less 
valuable as a manure than in its 
present concentrated form” [viz., 
a bulky fluid.) 


pot Sorta sod 9 = per po ea 
joard; but, apparently, “ interference’ to 
set right pod ir tae wrong is not in accordance with its 
custom, the meaning of the word is different to that 


Government 





generally understood. To circulate untruths world-wide, 
to misrepresent and to suppress truth regarding the 
Liernur system, is not an interference between Captain 
Liernur and the public, but to set right a misconception 
would be an interference indeed. 

I have only noticed some of the most prominent points in 
the Report. I have said nothing of my warning about 
certain officials who had been guilty of administrative irre- 
arities in connexion with the system at Amsterdam ; nor 
of the fact that the Commissioners in spite of that nay | 
threw themselves into the arms of those very officials, 
those only ; nor how they entirely neglected my recom- 
mendation that if in that town ty hee in places matters 
that were not quite satisfactory, they should consult the 

lans furnished to the town by in Liernur, and would 
find that such plans had not been followed by such officials ; 
matter noticed in the Report that onght 





nor many ano 
to be ae tf criticised. 

I must add that Captain Liernur disclaims all msi- 
bility for the financial results derived from the sale of fluid 
manure. He has provided the means for converting it into 
poudrette capable of being stored and sent to the manure 
markets of the world. If authorities do not carry this out 
it is not his fault, yet the Commissioners visit on his head 
the sins of the others ; yet they should have been aware, 
from his and my writings, that he was not responsible. 

Having in vain attempted to obtain from the Local 
Government redress, or, at least, an igen into 
the facts of the case, I have ye? one resort left, and that 
is the press. If I have, as‘I think I have, made out a 
primé facie case for inquiry, I hope the press will support 


me. 

In conclusion, the public would like to know by what 
authority the Commission, which was simply a private one 
appointed by the President of the Board for the information 
oF the office, called themselves, on their visiting cards when 
abroad, ‘* Royal Commission on Sewage !”’ 

IT am, Sir, your obedient servant, 
Apam Scott. 
223, Gresham House, London, May, 1877. 





THE PROPER CIRCULATION IN BOILERS. 
To THE EDITOR OF ENGINEERING. 

Srr,—I am sorry to have to charge Mr. Watt with un- 
fairness, but such appears in his reply of last week to my 
letter of the 7th inst. Instead, however, of being, as he 
says, ‘‘silent” as “the conditions essenti 

roper circulation” in boilers I have reiterated, I had 
Feared almost to wearisomeness, the fundamental principle 
as regards the interior of boilers, that heated currents of 
water and currents of steam require a free passage Seseey 
upwards to be provided for them, as in accordance wit 
natural laws they seek that direction of escape ; and that 
therefore any boiler which from its design compels these 
currents to travel ina horizontal direction does not possess, 
at least, one condition essential to proper circulation. 
Moreover, in boilers which necessitate this horizontal 
a cog = also nee 9 the compelling, oe a ter 
or less degree, the {passage of opposing currents of steam 
and water through the same o; - . This is manifest! 
con to sound principles of a circulation, and 
have alluded to it in my previous letters. 

‘The conditions essential to proper circulation’ are 
thus those which provide for the due and unhindered action 
of natural laws ; and which do not by sheer force attempt 
to establish an abnormal action. 

I showed in my last that Mr. Watt acknowledges the 
correctness of some of these principles with which I have 
dealt, but that in practice he contravenes even those of 
which he admits the soundness. 

With some of ‘‘ the conditions of the defective class’’ I 
have dealt by contrast and even more dove in wy last, 
where I combat Mr. Watt’s condition as embodied in his 
Rule 2, and as supported by his reasoning about the emis- 
sion of heat and the best kind of heating surface. 

Mr. Watt adopts a form of boiler which is at manifest 
issne with even his own teaching concerning steam and 
water circulation, and defends this course by urging what 
he considers the —— of the heated currents of 
gases outside the boilers. : . 

I adhere to the form of boiler which is best suited for— 
and, in fact, as I have stated the only correct form in view 
of—internal circulation; and dispose of the objections 
raised on the score of kind of heating surface, by denying 

causes 
with the flame underneath”’ 


altogether the correctness of the reasoning which 
‘* horizontal heating surface eg 
to be among engineers “‘ considered the standard or unity.” 
One of my reasons—I have others—for og Be 
position I-gave in my last, but Mr. Watt evidently fails to 
apprehend it, for while I spoke of reversing the relative 
itions of horizontal surface and vertically pore too 
charges me with a surface and ly 
moving . I am sure + for but very few of your 
readers do I require to point out that a ‘Cornish boiler 
with straight flues set on end,’’ is totally different from 
what I spoke of, though Mr. Watt assures ‘‘ our Cornish 
friends’ that with this ‘‘ there would be, according to Mr. 
Rowan, quite the same result.’’ : : 
The well-known fact that ‘‘ the flat top of a locomotive’’ 
or any other “‘ firebox’’ is very liable to overheating is the 
best evidence that it does not preseut the kind of surface 
which is ‘suited to proper circulation of water. This has 
been pointed dut long ago‘in far more able words than an 
which I could hope to’ em: on the subject,’ and I ¢' 
Willcoe upon the point Se a acd 
; Pure, of “a stratum or 


ithe side of a tube 
in WwW. 





to may yet fail in work, 


for us let him give it, otherwise we may be pardoned for 
being sceptics as to that in physics which nobody has ever 
seen. Yet this theory is, it seems, the main point upon 
which he has decided in favour of horizontal as 

vertical water-tubes for his boiler, and upon the strength 
of which he commits himself to the opinion with which he 
concludes his letter in your last issue. When he has proved 
the existence of this permanent wall or stratum of steam» 
whi to say, clings only to vertical tube surface; 
then will be time enough to argue as to consequences 
= specific heat of steam-as compared with 

0! " 


Were Mr. Watt to follow out consistently and co 
ously the princi of circulation to which he has 
subscri he would not require the aid of fanciful theories 


and he would reach @ thoroughly satisfactory end. But 
when his practice rises up to view in company with expressed 
faith on this subject, I feel tempted to appropriate to him 
ing of an ancient : 


6 “4 Video meliora Jee) wap sequor.”” 
o ’ 


, FREDERICK JOHN ROWAN. 
108, Wool. Exchange, Coleman-street, E.C., 
May 30, 1877. 





WELDED BOILERS. 

In his last perterty report, just issued, Mr. Lavington 
E. Fletcher, the chief engineer of the Manchester Steam 
Users’ Association, makes the following remarks about 
welded boilers : 

**One of the explosions referred to in the report sprung 
from a boiler welded at all i ca instead of bei 
rivetted. The Association has always regarded weld 
boilers with suspicion, and, as such boilers are being in- 
creasingly int for crane and nero purposes, it 
appeared desirable to call attention to the untrustworthiness 

such a mode of construction. 

“When a boiler is rivetted, the strength of the seams 
can be known with iderable accuracy. The amount of 
metal lost = rivet holes can be calculated and allowed 
for, and, what remains, provided that the work be put 
together with ordinary care, be trusted. Such, how- 
ever, is not the case with a welded joint. It is impossible 
to see into the heart of the weld to know whether it is 
sound or not. The may be united simply at the 
surface, skin deep, no further, and though such joints 
may withstand the quiet strain of a hydraulic test they 
As soon as steam is got up 
in a boiler it expands and contracts from alternate heating 
and cooling, and the flat surfaces breathe in and out 
according as the pressure falls or rises. This working of 
the parts soon finds out the weak places, and though a 
cnsail exnsic many bu alt thas Ws courted ns & weld in the first 
instance, as the working goes on the crack ‘extends and 
grows from a small one to a large one till a serious rent 
results. Welds are, therefore, untrustworthy for those 
parts of a boiler in which the pressure of the steam acts 
abounale and tends to tear the welds asunder, but welding 
may safely be adopted for the internal flues on which the 
steam pressure acts e and tends to keep the parts 
pa, yo Boilers welded throughout, therefore, are not 
to be trusted, and the members are recommended to adopt 
those made with rivetted joints instead. 

‘* Another illustration of the objection to welded boilers 
see inevalion oh. Gehouteblions te holes indbte aan 

1¢ inspection of .the ia rr case 
being used on board Heat os yacht. In this 
boiler the vertical joint in the external shell was welded 
from to bottom, and as a ution a covering stri 
with a line of rivets on each side of the weld was ri 
over this joint after the boiler was made, at the recom- 

the Association. Although this boiler stood 

the hydraulic test, it had only had steam up once or twice 
when it developed a crack at this longitudinal weld. 

the precantion not been taken of attaching the strip, and 

had the boiler been worked on, the ¢rack, origi 5 in. 

long, would soon haye developed to a greater ; and, 

along the weld, would in all probability have 

extended from the top of the boiler to the bottom. The 

boiler was clo $7 Ss Ooi and the weld was in such a 


position that had the boiler it must have been driven 
right h the cabin, while there is little doubt that the 
yacht would’have' been sent to the bottom. As the owner 


was in the habit of taking his family and friends on board, 
it will be seen'that such a result would have been most 


disastrous. _Tbrough the the Association, 
however, no harm resulted, The boiler was condemned, 
and the maker induced to , at his own cost, to 


supply the owner of the yacht with a new one. ; 
Tihs 

‘This was not accomplished, however, without consider- 
able cost to the“ Association. Four visits of inspection 
were made, nevessitating a distance of 800 miles being 
travelled ; while thirty-seven letters were received from the 
owner, and forty letters and reports sent by the Associa- 
tion before the matter was arranged. An annual report of 
‘No Explosion’ makes little sensation, but it costs a great 
deal of patient painstaking inspection.’’ 

QureBsc Harsour Improvements.—The contract for 
the first section of these works was let on the 2nd of May 
to Messrs. Peters, Moore, and bad 5 of 
Portland, U.S. Messrs. Kinipple and Morris, i 


neers to the Harbour Commissioners, have “a Mr. 
—— eppoin ted 
of 





Woodford ton, M. Inst. 0.E., as , 
pote te me , works consist of the onstruction of 
4000 ft: length walls, founded a’ a varying 
i m bgt, bo 2 fh a low water, thors ft oie oe 

. " ‘ or in a 
height of wall of about £8 ftes behing the wall there. will 
be an em + or quay 900 ft. in width. The dredg- 

in connexion with contract, will amount to about 


1,200,000 tons. The contract time for the completion of 
these and other minor works is three years and a half. 
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STANEK’S DIANEMOSCOPE. 





Fig. 1. 





































































































Mr. Sranex's “dianemoscope” was constructed to 
serve a similar purpose to Mr. Bospere slide valve indi- 
cator, described in Roocmndnane some time ago ;* it has, 
however, for its object the analysis of the more complicated 
motions of a double slide valve system. As we have Mr. | 
Stanek’s kind permission to use the illustration and de- 
scription of this apparatus published by him in the 
“ Proceedings of the Institution of Architects and En- | 
gineers in Bohemia,” we shall describe the instrument in | 
Mr. Stanek’s own words, referring to the annexed figures. | 

The circular discs B and C can be turned around their | 
geometrical axes either separately—if the screws D D 
are loosened—or as one piece if these screws are | 
tightened. Each disc has a radial groove, and the 
sliding pieces E and F, which move in these grooves, 
ean be fixed in any distance from the centre. Connected 
with E and F are two other sliding pieces G and H, 
moving in slits attached to two rods K and L, which are 
guided at MM. When the discs B and C are turned, 
the rods K and L will move to and fro in the guides 
M M, and it is evident that their stroke will vary 
according to the position of E and F. Together 
with these rods two sliding rulers P and O are | 





moved (being connected with the slits), whereas a third 
ruler N is fixed to the framework of the instrument 
and remains therefore stationary. Each ruler has suit- 
able screws Q, to hold paper strips, which may be fixed 
to the rulers. 

The circular disc B, whose motion ean be arrested by 
the set screw R, bears on its circum:erence a movable 
pointer T, which can be fixed in any position, as the case 
may require. The circular disc C has a toothed circum- 
ference corresponding with the teeth of the pinion S, to 
which a handle a can be attached -on either side of the 
instrument, serving to turn the pinion S and by it either 
the disc C alone, or both discs C and B. 

Along the grooves in C and B scales of millimetres 
are engraved, whereas on the framework around the disc | 
Ba circular division (in degrees) is marked. Finally, 
lines are drawn dividing the diameter of B in ten equal | 

rts (these lines are marked 1, 2—9 in the engraving). | 

he fixed pointer U marks the zero point of the circular | 








+ 


* See ENGINEERING, vol. xxii., page 393. 


| division. 
| in such a manner that either side can be turned upwards. 
| If required, the apparatus can be taken out of this chair 





The whole apparatus rests in a suitable chair W 


and placed upon the table, when it will be supported by 
the legs Z. Now, the fixed ruler N represents the face of 


| the steam chamber, the ruler O represents the main slide 


valve, and the disc B its eccentric, whereas the expansion 
valve with its eccentric is represented by the ruler P 
and the disc C. Finally the pointer T represents the 
crank pin. 

By this apparatus the action of any slide valve gear 
can be investigated where either one or two slide valves 
are used, butit is of special use where two slide valves— 
one moving on the back of the other—are applied, in 
which case the relative movements of both valves become 
somewhat more complicated, and a special apparatus to 
represent these movements is desirable. The well-known 
diagram of Zeuner gives an easy means to determine the 
proportions of such a double valve gear. To study its 
action more minutely, however, it is always preferable 
to have the motion of both valves brought before the 
eye in the same manner as they occur in the engine it- 
self. This purpose is attained by the use of Mr. Stanek’s 
dianemoscope, which in fact is but a model of the real 
valve gear. Its use is the following : 

Let us suppose that there is to be examined a double 
slide valve gear (e.g. Meyer's system) of these dimensions : 


m°=angle between crank and main eccentric. 

ez » He = expanding eccentric. 
2 p (millim.) stroke of main slide valve. 

2 g (millim.) ia expanding valve. 

First turn the disc B by means of the handle a until 
the centre line of its groove coincides with the mark of 
n degrees, and arrest it in this position by the screw R. 
Then turn the apparatus so that the disc C is on the 
upper side, loosen the screws D D, and turn the disc C by 
means of the handle a (which must be, of course, trans- 


| ferred always to the proper side of the instrument) until 


the centre line of the groove of C corresponds with the 
pointer U. This done, the screws DD are again fas- 
tened. The sliding-piece F is then placed at a distance 
of g millimetres from the centre of the disc O, the in- 
strument is again turned round, and after the screw R is 




















loosened, the disc B (and of course C together with it) 
is turned until its groove reaches the zero point (viz., the 
pointer U). Then the pointer T is shifted until it cor- 
responds with the mark of m° degrees, and is fixed in 
this position. Finally the sliding-piece E is fixed in the 
distance of p millimetres from the centre of B. 

Now it is only necessary to mark the leading dimen- 
sions of both valves and of the steam ports in the cylin- 
der on three paper strips, and to fasten these strips by 
means of the screws QQ upon the respective rulers 
NOP. Thus the apparatus is ready for use. Then 
on turning the handle a the motions of the rulers O and P 
will correspond exactly to the motions of the actual slide 
valves, whereas the pointer T will show the position of 
the crank pin, and, by means of the division marked on 
A, also the position of the piston. This division, by 
which the diameter of B is divided in ten parts, depends, 
of course, on the proportion of the connecting rod to the 
crank. In the figures the division is shown for a con- 
necting rod of infinite length (the usual supposition in 
Zeuner’s diagrams), but, besides these, other marks could 
be also made corresponding to other proportions, e.g. } 
or 4. 

If the lap of the upper slide valve is variable (as e.g. 
in Meyer’s gear) the varying lengths can be marked on 
the respective strip of paper, and the instrument will 
then show the exact positions at which steam is cut off 
with various lengths of lap, or, vice versd, these lengths 
can be found by setting the pointer T to the required 
position of the crank where steam shall be cut off, and 
then the length of the expanding valve or length of lap 
can be measured directly on the paper strip representing 
this valve. Ina similar way many other questions can 
be decided in an equally easy and lucid manner, and we 
need only add that the instrument has done good service 
in tho offices where it is employed. 





Frencu Coat Mrin1ne.—The net profit realised in 1876 
by the Grand Combe Coal M Company amounted to 


106, 9662. This balance admi of the payment of a 
dividend of 42. 8s. per share, po in two equal - 
ments of 21. 4s. each, June and December 15. The 


roduction effected the company last year was 580,000 
y= round aoa 15,000 tons more than in 1875. 
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ANGLE-IRON BENDING MACHINE. 
CONSTRUCTED BY MESSRS. FIELDING AND PLATT, ENGINEERS, GLOUCESTER. 
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PORTABLE WEIGHING APPARATUS. 
DESIGNED BY MR. THOMAS URQUHART, GRIAZI-TZARITSIN RAILWAY, RUSSIA. 






































We annex an engraving showing a very neat and 
simple portable weighing apparatus designed by Mr. 
Thomas Urquhart, the locomotive superintendent of the 
Griazi-Tzaritsin Railway, Russia, and employed on that 
line for weighing out fuel to the engines. The arrange- 
ment is so simple and soclearly shown by our illustration 
as scarcely to require description. It consists, as will be 
seen, of a system of compound levers enclosed in a suit- 
able casing and so mounted that the whole can be slung 
from a crane chain, the materials to be weighed being 
hung from the hook on the underside. The index finger 
projecting through the side of the casing shows when 
the weight is lifted. The contrivance is, as we have 
said, a very handy one for its purpose, and it is one which 
would do good service in many situations. 








ANGLE-IRON BENDING MACHINE. 

We illustrate above one of several machines recently 
constructed by Messrs. Fielding and Platt, of Gloucester, 
for the Stephenson Boiler and Forge Company, Fails- 
worth, Manchester. It is adapted especially for bending 
angle irons for the rings of boilers 8 ft. diameter, and 
consists of a large circular cast-iron table, to.one side of 
which the bending mechanism is attached. As will be 
seen from the engraving, there are one large and three 
small vertical rolls. The larger one revolves upon a fixed 














spindle, while the spindle of the others can be traversed 
by means of screws. The angle iron to be bent is gripped 
between the fixed and the middle traversing roll, and 
the two outer ones are then moved forward simulta- 
neously to bend the bar to the curves required. One of 
the large hand wheels is used for moving the gripping 
roller, and the other for traversing the bending rolls, the 
serews employed for this being geared together. The 
two gripping rolls are driven by the gearing shown in 
the drawing, the moving roll being connected to the 
gearing by universal clutches, which allow a free motion 
to be given to the sliding bearings. The two bending rolls 
are of course free on the spindles, and are not driven. 
For carrying the angle irons upon the table, rollers may 
be recessed into its face; these, however, are not shown 
in the engraving. 








Parisian TRAMWAYS.—The municipal council of Paris 
has adopted plans for an extension of sundry tramway lines. 
The system of the North Parisian Tramways Company 
appears jto have been worked with rather meagre results 
last year. Thus while the revenue of the year amounted 


in 1876 to 60,3201., the working re of the twelve 
months were 53,8001., leaving a profit of only 6520/. The 
line from Saint Denis to La Chapelle, has doubled. 


The amonnt of capital raised by this company is 
at 828,6817. 








NOTES FROM THE SOUTH-WEST. 

Bridgwater Water Supply.—It is understood that the 
Bridgwater Water Supply Bill has su passed 
through all its stages, and now only awaits the royal 
assent. The total outlay which wi required is set 
down by Mr. Hawkesley at 32,8001., including the cost of 
pumping apparatus, a reservoir, compensation to mill. 
owners, &c., and the piping. 

Honiton.—The town council of Honiton having copied 
to the Local Government Board for a provisional order to 
levy a district rate for in sewage works which it is 
pro’ to carry out, Mr. S.J. Smith, C.E., on behalf 
of the Local Government Board, has held an inquiry on 
the whole subject of the sewage and water supply of the 
town. The town clerk, Mr. Tweed, appeared for the 
council, and explained that the wish of that body was to 
adopt a un by 3 Pe C.E., for dealing with the nee | 
pressi ion of the requirements at a cost 
9701. ithe inspector onaaaled severely on the procras- 
tinating spirit displayed by the town council, and upon the 
unfairness of taxing present ratepayers for what was in- 
tended to be a permanent improv: t. Dr. Letheby had 
reported against the water supply in 1873, and he insisted 
that this matter should be looked in the face at once. The 
Local Government Board were determined that the rate- 
gs Rae f should not be frittered and fooled away. 

r. : 





C.E., admitted to the in that he had 
already prepared an entire drainage scheme, but that his 
present smaller plan was drawn up at the wish of the 
council. He had also brought forward a water scheme by 
which the town could be supplied from a spring on the lord 
of the mauor’s property, at the rate of 120,000 gallons per 
day for five days in the week, or 20 ons per individual. 
The inspector will report in the usual course. 


Bridgwater Sewerage.—In the fourth annual report of 
Mr. F. J. C. Parsons, the medical officer of health of the 
urban and rural sanitary districts of Bridgwater, some de- 
tails are given of a proposed new scheme of sewerage for 
the borough, pre by Mr. Parker, the borough surveyor, 
and what Mr. Parsons thinks meets all the requirements 
of which he terms the ‘‘ modern system.”’ It appears that 
it is proposed to remove the main sewer from the Krome | 
of the bridge to a point near the extremity of the boroug 
on the Bristol-road. The main outfall sewer, it is sug- 
gested, should consist of an egg-shaped sewer, 3ft. by 2 ft., 
as far as the junction with Monmouth-street, from which 
point an 18-in. stoneware pipe would proceed along, the 
river to be crossed by a 12-in. syphon to a manhole and 
storm outfall at the foot of Fore-street. On the western 
side it is proposed that the sewer should be carried in 
opposite directions along the western quay and Binford- 
place, intercepting, in its course, all the smaller sewers, 
each manhole, &c., to act as a ventilator. 

Labour in Wales.—The colliers in the pp og of 
the Aberdare and Plymouth Negi ged have resolved, by 
460 votes against 278, to accept a 10 per cent. reduction in 
wages, and work will now be continued on those terms. In 
the Cyfarthfa and other pits in the neighbourhood, the 
double-shift system has been introduced. 

Dunball Drainage Works.—The Dunball drainage 
works, near Bridgwater, at the outlet of the wy ry 
moor drain, which were seriously damaged _ s in 
January last, have ed further injury by the fracture 
of some of the huge iron pipes in the a’ drain. 

Iron Production in Wales,—In 1830, the action of 
pig iron in the United Kingdom was about 678,417 tons ; 
the two principal sources of production then were South 
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Wales and Staffordshire ; conjointly those districts turned 
out nearly 500,000 tons of pig iron yearly. In 1839 the 
ou of pig iron was 1,248,781 tons. South Wales and 

ordshire still contributed the bulk, the make of the 


two districts being oyer 800,000 tons. In 1854, the pro- 
duction of pig iron for the whole ‘kingdom amounted to 
3,069,874 tons, towards which Sco ibuted 796,640 
tons, and Wales a somewhat si Stafford- 


shire was genes by the f atry. Three 
years later, when 500,000 tons had ean the out- 
ut, Wales passed Scotland in the ra ; action, the 
being 1,000,000 tons agaifist }tons. In 1875 

the total production was over 6,000,000 tozis; the’ 
in Scotland amounted to one-sixth of the quantity) but 
output in Wales was not quite 600,000 tons. ~ ng Ss 


Tredegar.—The staple trades have shown no falling off 
during the past week. The men have worked a fair 
perticn of the time, and prospects, if anything, a to 

ightening. At Rhymney steel —ae are 
turned out with regularity, and the col are doing 
pretty well. The Bessemer works im coura@of erection 
are progressing. : 

Soopert Alexandra Dock.—Sir G.. Elliot, Bart., M.P., 
arrived from the Continent on Monday. ing the after- 
noon be Solied the Alenenees Dock, and inlly the dry 
spected the new works now y e 
dock, which is being pushed on with pss en 





- NOTES FROM THE NORTH. 
. GiLasaow, Wi ° 

Glasgow Pig-Iron Market.—There was an plrraeg eo A 
in the pig-iron market last Thursday, that day being held in 
celebration of the Queen’s birth-day. When business was 
resumed on the following day there was an appearance of 
firmness, buyers offering 54s. 7d, in the part of the 
forenoon, but the tone quickly no bnsiness 
was done in warrants until 54s. 5d. , the pri 
receding still further, sellers remaining’ at the close at 
54s. 4d., buyers offering 54s. 3d. No business was reported 
in the afternoon, and prices remained as at the forenoon’s 
close. Monday’s market was quiet and flat during the 
forenoon. Business was done in warrants at 54s. 2d. four- 
teen days to 54s. cash, thé market closing with sellers at 
the latter price, rs 53s. 10}d. The afternoon market 
was also quiet. Business was done at 53s. 10jd. cash, 
closing ers at that price, and sellers 54s. Coltness 
No. 1 and No. 3 were reduced in price during the forenoon 
1s. and 6d. per ton respectively, and in the afternoon a re- 
duction of 1s. per ton was announced by Messrs. William 
Baird and Co. on the prices of their Gartsherrie and Eglin- 
ton brands. Yeste *s market was steady Gaping the 
forenoon, and a good business was done in warrants at 
54s. 1jd. to 548. cash, closing with buyers at the lower and 
sellers at the higher quotations. The afternoon market 
was quiet, but no business was reported, Sellers’ price 
was nominally 53s. 11d., and that of buyers 53s. 9d. 
further reduction of 1s. per ton was’ made on the price of 
Gartsherrie iron, and 6d. on that of Eglinton. Langloan No. 1 
was reduced 1s. and No. 3, 6d. per ton, and Messrs. Me 
and Cuninghame’s brands were all reduced 6d. per ton. 
The agitation which is in progress amongst the > sl for 
an advance of wages has not had the usual sustaini 
effect on prices; but if the demands are granted, whic 
appears likely, as they have already boen conceded in some 
districts, the prices of iron will, doubtless, ultimately be 
affected. Shipping iron has not been so much inquired 
for lately ; there is, however, a fair business being done. 
A small quantity of iron has been sent into store durin, 
the past week, and the total stock with Messrs. Co 
and Co., up to last Friday night, was 136,899 tons, the in- 
crease for the week being tons.. Three blast furnaces 
were blown out last week—one each at Coltness, Ardeer, 
and Kinneil—thereby setncing the number at present in 
operation to 111 as against 115 at the same time last year. 


& 


Last week's ar amounted to 10,566 tons, as against 
10,696 tons in the corresponding week of last year. 
New Saloon P Steamer for the Clyde.—This 


afternoon Messrs. D. and W. Henderson and Co., Meadow- 
side Shipbuilding teed Partick, launched a splendid saloon 
passenger steamer of great carrying capacity for the 
Glasgow and Inverary Steamboat Compan ” (Limited). 
She is intended for the development of a new line of traffi 
with the West Highlands in conjunction with several lines 
of railway, and one or two other lines of passenger steamers. 
Messrs Henderson and Co. are also supplying her with a 
pair of diagonal oscillating and surface condensing engines 
with cylinders of 46 in. in diameter, and 5 ft. 6 in. stroke. 
She is guaranteed to steam at the rate of at least 20 miles 
per hour, and it is thought that she may be able to attain 
a speed of even 25 miles. Like the Iona and Viceroy, which 
are likewise both “‘ crack’ Clyde omg, od steamers, she 
is to be fitted with steam steering gear. Her name is to be 
Lord of the Isles. 

New Public Weighing Machine.—Messrs, He 
and Son are at present erecting one of their pm | weigh- 
ing machines for the Glasgow Police Board, to be used as 
a public weighing machine on the south ‘side of the ity 

ised by 


Pooley 


It is fitted with all the latest improvements devised 

firm, ee relieving , and a new patent index 

lever (without loose weights) marked from 1 lb, up to 12 
The body of the machine appears to be extremely 

strong, and the arrangement of levers, centres, and hangers 

is very simple, being constructed on the firm’s well-known 

patent diagonal principle. ‘This is said to be the first ma- 

chine of the kind erected in Glasgow. 

The New Shipbwiding Yard at Leith:—There has been 

considerable progress made in the erection of the new 

i yard at Leith, for the firm of Messrs. 


A} Colliery of the 


buildings and furnaces to be used in the iron department 
are finished, while the extensive sawmills, joiners’ shops, 
mouldi and offices, will soon be in an equally for- 
ward state. The yard will be of sufficient extent to con- 
tain five or six vessels on the stocks at one time, and of 
depth enough to allow of steamships of over 400 ft. in 
length being built and launched with ease. The whole 
———_ are in strict — 4 the most ap- 
ved system prevailing on the Clyde. b 

with Messrs. William Denny Brothers, - 

“Seven years, and Mr. Ferguson leaves the 


works of M Barclay, Curle, and Co., who have built 
about one-half of the vessels to and from Leith. 


Peo pec on the ove. he a building tende of 
is now bgsening very disorganted y the 
lock-out to._which the majority of the shipbuilding firms 
have resorted in order to the movement which 
was showing itself the workmen for an advance of 

Anxious efforts have been made by neutral parties 
to about a more conciliatory disposition between the 
two to the dispute. It is thought that a basis for 


an attempt at arbitration might be obtained if the ship 
carpenters who struck work would consent to an arrange- 
ment for piece work instead of day work ; but in the mean- 
time they will.not yield. They are pretty well employed, 
and they have a large union fund to act upon if required— 
45,0001, it is said. 


NOTES FROM SOUTH YORKSHIRE, 
. SHEFFIELD, Wednesday. 

The South Foakenies ieee meas aoe 
evening a meeti delegates from various of the 
South Yorkshire Miners’ Association was held near 
Barnsley, when it was decided to join the Miners’ National 
Association. 

Water 





Soe! for Alfreton, Pye Bridge, §c.—In com- 
with “ application of the Local Board of Health 
‘or townshi Alfreton, the Local Government 

has issued an order for the construction of works for the 


water supply of the district, ata cost of about 21,000/. 

Hydes and Wigfull (Limited).—This company’s report 
recommends a dividend at the rate of 10 per cent. for 
the past year, and states that the works and plant have 
been efficiently maintained. 


New Colliery near Hemsworth.—After sinking to a depth 
of about 150 yards, coal has been found of a thickness of 
5 ft., and of excellent quality, at the new Hems Main Col- 
liery, belonging to Mr. Forsduck, near Pontefract. The 
seam so cut into is that known as the Shafton coal. A 
second shaft is being sunk. The pit is situate close to a 
line of railway. 
Two Persons Killed by a Colliery Explosion.—Last week 
a miner named Hartley and a youth named Parkin were 
killed by an —— of at the Lofthouse Station 
eds and Co-operative Mining Company. 
Hartley's lamp filled with gas, and instead of drawing 
down the wick with a pricker, he tried to blow out the 
flame, the result being that the accumulated gas in the 
workings exploded with the effects indicated. 


Corporation Extensions, Gey at Rotherham.—On Tuesday 
Major Tullock, R.E., held a Local Government Board 
inquiry at Rotherham relative to an application from the 
town council for powers to borrow 67,500/. for gas works, 
water works, market, and other purposes. It was stated 
that the total sum borrowed under the Sani Acts was 
48,4761., of which 28,0597. had been repaid. It was now 
sought to raise 14,0001. for gas works extensions, the 
borrowing powers being 90,000/., and the sum already 
borrowed 73,0001. For water works purposes 30,0001. was 
wanted, in addition to 70,0001. already raised. For a new 
ane 96 Eastwood 80001. was required, and for markets, 
&c., 18,5001. 


NOTES FROM CLEVELAND AND THE 

NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was thinner than usual, and 
business was flat. The prices of pig iron are based on No. 3 
Cleveland ating at fis. 6d. per ton. Thereare merchants 
who offer to sell at less than these quotations, and yet 
purchasers are so bad to meet with. Pig makers declare 
that they cannot produce No. 3 for less than 42s. per ton, 
and that if they dispose of it below that figure they incur 
a loss on the transaction. Prices will certainly not decline 
farther, because rather than continue the suicidal policy of 
selling at a loss, makers will blow out some of the biast 
furnaces. Now that the lowest ebb in prices has been 
reached it is hoped there will soon be an improvement in 
trade. When the tide does fairly turn it is believed that 
there will be a much quicker and general improvement 
than was at one time expected. 


The Finished Iron Sete Ove to the struggle be- 
tween capital and labour on the Clyde, and the closing of 
the shipyards on that river, there is less doing in the 
finished iron trade. The North of England plate makers have 
been actively en , and they are still fairly occupied, 
but the orders on their books will be quickly worked off, 
and there must be early renewals from the Clyde and other 
rivers to keep them in anything like full operation 
Tron Works for Sale.—In the Cleveland district there 
are several iron works for sale. People who have the 
capital and the courage to purchase now might in a short 
time realise very large sums of money. 

The Coal and Coke Trades.—Following up what we 
apanqneed lant week, the Northumberland pitmen have 

c 








an Forges the partners of which are well bnew inthe 


ing trade on the Clyde. The brickwork of the 


the proposed reduction of wages and the 
i Thousands 


deprivation of free house and firing. 


are now idle in the pit vi ,» and there seems no 
hope of an early settlement of the matter. In the adjoin- 
ing county of Durham there is, as might naturally be ex- 
pected, considerable more activity on account of the sudden 
sto page of the pits in Northumberland. The prices of 
fa ve been advanced. Itis to be regretted that the 
Northumberland men have refused to refer the question in 
dispute to arbitration. Some of their leaders have laboured 


has | hard to induce them to adopt that now popular course of 


settling differences, but the men decline all suggestions 
which might lead to it. In contrast with this action, the 
Cleveland miners show that they have taken a wise course. 
The whole of the circumstances connected with ironstone 
mining and the proposed reduction of three halfpence per 
ton are now before the umpire, Sir James Fitzjames 
Stephen, Q.C., in writing, that , together with 
the arbitrators, having been — with a transcript of 
the verbatim of the arbitration p’ ings. In the 
course of a few days the award will be given. Meanwhile 
the miners continue at work, and are ing to abide by 
the result of the arbitration whatever it may 

Engineering and ag om ap the northern rivers 
engineering and shipbuilding have a fair share of work. 








ALGERIAN MrineRAts.—The inauguration of the Bona 
and Guelma Railway will enable the Vieille Montagne Zinc 
Mines and F ies Company to commence the working 
of a concession of. minerals which it possesses in ia. 





SKETCHING ParER.—We have received from Messrs. 
and Son (Limited), samples of sketching paper 
pen adapted to the use of engineers and architects. 
The paper, divided into squares by cross lines fron one inch 
to one sixteenth apart, is well known, but the quality is 
inferior to that now offered by Messrs. Letts, who prepare 
this scaled paper in blocks and books for sketching pur- 
poses. The prices at which these are sold are very 
moderate, and the =~ in any of the forms in which it is 
Pp will be found extremely valuable for drawing and 
sketching to scale. . 





Krine’s COLLEGE ENGINEERING SocreTy.—At a meet- 
ing of the above society held on Friday, May 25th, Mr. E. 
Crompton read a paper entitled ‘‘A Comparison between 
the Bars at the Entrance of the Harbours of Kurrachee 
and Natal and the Harbour Works at both places which 
were intended to increase the Depth of Water on the 
Bars.’’ The author commenced by showing the means 
adopted at Kurrachee and the results obtained, and explain- 
ing the construction of the breakwaters at Manora Point, 
Kurrachee, and Natal, pointing out the iarities in the 
former. He then explained the gradual formation of the 
bar at Natal, and in conclusion urged the 7 of the 
extension of the breakwater to a point beyond the bluff 
which has caused the accumulation of sand at the entrance 
of the port. A brief discussion ensued, in which Messrs. 
Burstall, Douglass, Glasson, and Guinness took part. Mr. 
Crompton having replied to the questions asked, the society 
then adjourned. 





Rartway Accrpznts.—In the current number of the 
Nineteenth Century Review is an article on railway accidents 
by Mr. John Fowler, Past-President of the Institution of 
Civil Engineers. Mr Fowler elaborately reviews the proceed- 
ings and recommendations of the late Royal Commission, and 
is of the opinion that the Commissioners “‘ have irably 
succeeded in the first part of their duty, which was to 
inquire into the causes of accidents on railways ; but have 
been unable to prove satisfactorily the possibility/of removing 
any such causes by legislation.’’ Agreeing with the officers 
of the Board of e that sufficient powers are ly 
possessed by that body, and with Mr. T. E. Harrison, who 
was one of the Commissioners, that the establishment of 
another tribunal would tend to cause dissensions and be of 
no practical use, Mr. Fowler would substitute for the legis- 
lative interference recommended by the Commissioners, a 
thorough and searching ingles by the Board of Trade into 
every sin of omission and commission on the part of a 
railway company, and publicity to the reports of the — 
ing officers. He contends that the recommendations of the 
Commissioners exhibit verbal dexterity rather than practical 
wisdom, since in effect they involve all those evils of divided 
responsibility which the Commissioners profess themselves 
so desirous of avoiding, and he is of the opinion also that 
some of the recommendations would have been considerably 
modified if the element of ‘“‘ human sensibility” as well as 
that of “‘ human fallibility’’ had been included in the con- 
sideration, and it had not been taken for granted that 
railway companies actually balance the probable cost of 
railway collisions against the cost of works which would 
obviate them, and that ‘‘engine-drivers and are 
ready to lay down their lives, superintendents and managers 
to endure anxiety and mental anguish only less tolerable 
than death, and directors to incur the odium attached to a 
reventible accident, merely that an eighth per cent. greater 
ividend may be announced to the shareholders.” In 
peaking of continuous brakes, Mr. Fowler refers to the 

ormance of the Westinghouse brake on the North 
ritish Railway, and observing that ‘theoretically it is 
possible to diminish the speed of a train in miles per hour 
at the rate of three miles per second even when the rails 
are slightly greasy, or, in other words, to pull up a train 

travelling at the rate of 60 miles per hour in 20 seconds, 
but that “‘ practically this performance is not attained, but 
ed.” Since the time of writing the 


is very nearly 1 
paragraph, Mr. Fowler will have learnt, that 
porforbenes bas been surpassed, though it is true the rails 


on the occasion of the ts, published in our last 
issue, were in the most favourable condition, and not 
“slightly greasy,” as assumed by the writer. We t 

Mr. Fowler’s article will be read with interest by all 





railway men, and by a large section of the general public. 
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THE LONG ISLAND BRIDGE 
COMPETITION. 

WE have received a copy of the report of the 
consulting engineers of the New York and Long 
Island Bridge Company on the competitive plans 
for its proposed bridge across East River to connect 
Long Island with the city. 

At the locality selected the river is divided by 
Blackwell’s Island. One channel will require a 
span of 734 ft. and the other one of 618 ft., with 
135 ft. clear height above the river. The entire 
structure, with the approaches, which will be of 
iron, will be over 10,000 ft.long. It will constitute 
when completed one of the boldest engineering 
structures In the world. Last August the company 
advertised for competitive plans, offering premiums 
for the three best designs, Generals J. G. 
and Q. A. Gillmore, U.S. engineers, and Mr, O, 
Chanute, C.E., constituted the commission to 
examine and report upon the plans. Nine were 
offered, Upon the question of the best three, 
taken as submitted and without modification, that 
of Clarke; Reeves, ‘and Co. on the hi arch 
system’ designed by Captain James B. ads, the 
engineer of the great steel arched bridge at 
St. Louis, received two out of the three votes as 
“best.” The plan of the Delaware Bridge Company. 
a modified cantilever ‘designed by Mt. Charles 
McDonald, C.E.,. received two votes. as second 
best ; and the plan of Henry Flad and Co., a derrick 
or modified cantilever, received two. as third best. 
Upon the question, however; of which to recom- 
mend for adoption by the company “ with such im- 
provements and modifications as suggest them- 
selves,” the Delaware Bridge Company. received 
two votes as “best,” Clarke, Reeves, and-Co, two 
votes as second honky and lad and Co, two-.as third 
best. ‘Phe Board of Directors afterwards voted to 
award the first premium to the Delaware Bridge 





Company, the second to Clarke, Reeves, and Co., 
and the third to H. Flad and Co., and adopted the 
plan of the Delaware Company to build upon. 

The plan selected by the company seems to us 
decidedly inferior in several respects to the design of 
Clarke, Reeves, and Co. It consists of two hori- 
zontal members or cantilevers each 600 ft. long, 
balanced at the water’s edge on framed iron towers 
which have a clear opening between them of 734 ft. 
and which rise to the height of 240 ft. The com- 
pression members of these cantilevers intersect 
these towers at the height of 135 ft. The shore 
end of each cantilever is anchored down by three 
braced iron towers distributed between the end 
and the river tower. Between the river ends of 
these cantilevers there is a space of 200 ft. over 
the middle of the river channel, which space is 
spanned by an independent trussed girder. 

The report says, ‘‘the two cantilevers balanced 
over each pier form brackets, the shore ends of 
which are anchored down, and their outer ends sus- 
tain a central span merely resting upon them, and 
free to expand and contract with changes of tempera- 
ture. The continuity of the wind bracing is thus 
completely broken at two points distant 270 ft. from 
each tower owing to the introduction of this central 
girder. The 200 ft. of interposed girder with a train 
of cars upon it will present an area of perhaps 20 
square feet per foot run to the action of the wind, or 
a total of 4000 square feet. At such great height 
it would be hardly safe to assume a less maximum 

ressure than 50 lb. per square foot, which would 
[ equal to a horizontal force of 100,000 lb. applied 
at the outer end of each cantilever, or to double 
that amount applied at the top of the pier, since the 
cantilever being of equal length on each side of the 
pier the force acts with a leverage of 2t0 1. We 
may imagine the difficulty of resisting at the height 
of 135 ft. such a strain by any economic system 
of open-braced anchor towers. In addition to the 
weight of the structure, and the weight of the load 
on it, which is borne by the vertical columns of the 
river towers, these columns must receive the com- 
pression induced by this overturning force, 

The cantilever systemis in one sense a modification 
of a suspension bridge, or a suspension bridge 
cut in two in the middle. The compression mem- 
bers on which the floorway rests are introduced 
to avoid the necessity of ive anchorages on 
shore for the ends of the cables; but as the cables 
are cut in two, this increases the difficulty of bracing 
the structure against wind. The system is one that 
is applicable with advantage in localities where the 
cantilevers can be kept near the ground, or placed 
on substantial masonry towers of sufficient weight to 
receive the strains caused by high winds. Consider- 
ing the great height to which the cantilevers are 
raised, we may well suppose that no greater 
lateral rigidity will be attained in this instance, if 
as much, as would be secured with an equal cost on 
any of the ordinary suspension systems. 

ome of the consulting engineers seem to have 
entertained the views we have expressed above. 
General Gillmore says : 

‘‘ But the bridge is, in my judgment, too narrow 
for entire security against wind pressure, the width 
of the towers at the base, for a single-track railroad, 
being only 49 ft. over all, or about 46 ft. between 
the centres of the outer posts. The whole system 
—bridges and high trestles—appears to be deficient 
in lateral stability.” 

They by 2 in their joint report : ; 

“The foundations of the main towers is not 
spread sufficiently wide to overcome the overturning 
tendency from wind strains. In order to avoid the con- 
sequent necessity for anchoring the posts down to 
their foundation, which is an objectionable arrange- 
ment, it would be advisable either to spread the base 
of the towers, or to design the bridge with only 
two trusses instead of three, so as to concentrate 
all the weight upon the outaide posts. 

‘“ The effect. of the live load, when only one arm 
of the cantilever is loaded, will be to produce a 
bending strain in the towers, and to throw the 
weight upon one set of tower posts, instead of dis- 
tributing it over the whole. This requires some 
changes in the connexion of the chords or chains 
with the tops of the towers, so that the weights may 
be transmitted without srosnaing a bending strain.” 

With this confession of the defects of the plan, 
the yote of a majority of the engineers in favour of its 
adoption before definite plans by which these defects 
are to be avoi and by which the modified design 
may be « in cost with the others have been 
submitted, seems at least hasty and open to miscon- 





struction. General Gillmore declares, ‘‘ the of 
Clarke, Reeves, and Co. is the only one submitted to 
us that I would be willing to recommend for aes 2 
by your company as it stands, and without m - 
tion.” He says, ‘‘ In the design for a single track 
road as submitted, Clarke, Reeves and Co’s. two 
bridges cost 55,599 dols. more, and their whole 
project, inating, speronthes, 11,041 dols, less than 
in that of the Delaware Bridge Company. The 
modifications recommended in the two cases would 
make the difference in total cost still greater against 
the Delaware Bridge Company ; and, as you would 
have a good bridge in either case, you would be 
justified in giving due weight to the question of 
cost.” 

Clarke, Reeves, and Co.’s design to which the 
company has seen fit to award the second premium, 
seems to us possessed of qualities in which the 
cantilever bridges is deficient. It is upon_ the 
hinged arch system perfected by Captain Eads, 
I gu illustrated and described at length in this 
journal. 

In this plan the ribs of the arch spring from the 
rock at points 1030 ft. apart, and rise in the centre 
about 200 ft. above the river, Iron towers located 
at the water’s edge support the arch at points about 
100 ft. above the ground, and these, combined with 
the short portions of the arch, form abutments 
which limit the span to 734 ft., while the curved 
outline of the structure is preserved through its 
entire length, 

The method of bracing the arch in the system of 
Captain Eads eliminates the strains arising from 
change of form caused by varying temperature and 
moving loads, and in consequence of the joints at 
the centre and abutments the arch is free to accom- 
modate itself to any condition. The great econom 
of this system arises from the bracing of the ar 
being placed beneath, instead of over it, The 
entire cost of Clarke, Reeves, and Co.’s proposed 
bridge, which comprises one span of 734ft. clear 
length, and one of 618 ft., and about 9000ft. of 
iron aera. much of it over 100 ft. high, is given 
at 1,767,274,00 dols. This provides for one railway 
track, two footways, and two carriage-ways. 





THE EXPLOSION ON THE * SIDONIAN,” 

TuE information brought us some two weeks 
since of the explosion of a steam boiler on board 
the 8.8. Sidonian, during her voyage between New 
York and Bristol, has been confirmed by the arrival 
of that vessel under canvas at Bristol last week. 
We believe that the ship is by this time in Glasgow, 
and that an inquiry will be made there into the 
matter. When this inquiry takes place we shall 
discuss more in detail the nature of the accident. 
The leading facts of the case we believe to be as 
follows : 

The Sidonian, which was built about seven years 
ago, is owned by a Glasgow firm, who employed 
her spe. miscellaneous service. Her trip just con- 
cluded was from Bristol to the Mediterranean, thence 
to New York, and back to Glasgow vid Bristol. 

The engines are compound with cylinders 38 in. 
and 62 in. in diameter, and 36 in, stroke. The boi- 
lers are two in number, placed to port and starboard, 
with the furnaces (three to boiler) opposite 
each other. They have each one combustion cham- 
ber for the three furnaces ; each combustion chamber 
is traversed by two Galloway tubes. At the place 
where the failure occurred (on the lower of the 
side of the combustion chamber), the thickness of 
the plates had been reduced by wear and corro- 
sion, Some additional stays had been, how- 
ever, introduced at the place where the plates 
had become thin; but these, as. well as the 
other stays, were provided with the usual screwed 
ends without nuts, by which they could be only 
imperfectly fixed to these thin plates. Between 
the two boilers was a superheater placed around 
the funnel. The boiler attachments consisted, we 
believe, of one pressure gauge, connected to both 
boilers and the superheater, and this was relied on 
to record the pressures in all three. On the super- 
heater there was a ap valve, and on each of the 
boilers there was one safety valve, The two latter 
were of the form approved by the Institution of 
Engineers and Shipbuilders of Scotland, and 
awarded a gold medal by that body about three 
ros ago, that is they were lever valves, spring 

oaded, and furnished with weights suspended, 
clear of the lever, but so that . they 
could be lowered upon the lever in of 
spring becoming disabled, but never intended, it need 
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scarcely be remarked, to be employed as a supple- 
mentary load upon the valve in addition to the 
spring. The weight was secured in its place by a 


ock. 
pen each of the pipes leading from the boilers to 
the superheater a stop valve was placed, so that 
either or both the former could be shut off from 
the latter. The boilers were shut off from the en- 
ine-room coal bunkers, and a small independent 
onkey boiler is on the port side between the 
bunker and the port boiler. 

The Sidonian left Bristol in the beginning of 
February for her long voyage with safety valves 
loaded to something over 50 lb., but which unfortu- 
nately offered the means of doubling that load, ye 
vided any one should be so reckless and criminal as 
to do such a thing. We are informed that during 
the trip between Bristol and Palermo, steam was 
blowing off almost constantly, showing that the 
boilers were being worked up to the full pressure 
for which the valves were set, but that after the 
ship started for the outward voyage from the 
Mediterranean the escape of steam ceased, 

It was also noticed about the same time that the 
blowing off ceased, that the weights intended to be 
used if the springs of the safety valves broke, had 
been unfastened and placed on the levers, thereby 
about doubling the steam oe erie in the boilers, 
which were thenceforth worked with valves loaded at 
something over 100 Ib. persquare inch. Still matters 
progressed favourably on the outward voyage, and 
the ship might have returned without accident to 
Glasgow, had not a slight accident to the engines on 
the morning of the 29th of April rendered it 
necessary to stop them for a short time. The ex- 

ansion valve of the high-pressure cylinder had 
| roenen deranged, and it was necessary to shut 
off both the boilers, But before this was done 
the engines had been stopped, and simultaneously 
with this it was observed that there was a 
violent escape of steam from the superheater 
safety valve. Of course this ceased as soon as 
the two stop valves on the pipes between the 
boilers and the superheaters were closed, and the 
ressure continued to accumulate in the boiler. 
ng before the point was reached where the valves 
onl lift, and about 25 minutes after the stop 
valves had been closed, the starboard boiler rup- 
tured, on one side of the combustion chamber, 
where the additional stays had been screwed into 
the worn plate. It was only the inner shell that 
— thus, ripping open and allowing the steam a 
ree exit through the e furnaces. So great was 
the force of the escaping steam that the fire-doors, 
bars, dead-plates, &c., were projectedinto the ashpits 
of the opposite boiler, the coal bunkers between the 
engines and the boilers weredoubled up, and the com- 
ion ladder from the engine-room to the deck was 
estroyed. A numberof men, including the captain 
and the three engineers, — a 4 around the 
engine, engaged upon the repairs of the expansion 
vive eccentric. Some time elapsed before they could 
be extricated, and seven of the number died from the 
injuries they received. Before his death the chief 
engineer gave directions for disconnecting the screw 
shaft, and the vessel came into port under canvas. 

We understand that the -boiler in all other parts 

is good and sound, the thin plate is only at the 
lace of the rupture, and that thinness is only such as 
is frequently seen in boilers which have just been 
removed for renewal, as these would have been 
perhaps before another vorage. It is unfortunate 
that just when making the last voy: with the 
boilers the reckless overloading should have been 
trated, and that the derangement of the expan- 
sion valve should have in that time also occurred. 
The plate at the fracture cannot have been suspected 
to be so thin, and it is to cover such undisclosed 
weaknesses that the great margin of safety, six times 
the working pressure, is insi upon by Govern- 
ment. Weak as the part was, there is no doubt the 
boiler would have been worked without accident if 
this criminal overloading of the valves had not been 
committed. 

The Sidonian was on this voy sent to sea 
without the formality of a Board of Trade certifi- 
cate, but until the inning of the year she was 
certified as having boilers fit to carry 50 lb. of steam. 
She was provided with safety valves, which, though 
designed with the best intentions, offered an easy 
means of ion, and there was unfortunately 
on board some one who has probably paid with his 
life the penalty of his rashness, and who did not hesi- 
tate to convert these valves from being a means of 
safety into a source of danger, and maintained them 








in that state during the voyage across the Atlantic 
and part of the way home. We shall return to the 
subject of this accident when the inquiry takes 
ne we when perhaps some further details may 
elicited. 








THE INSTITUTION OF CIVIL 
ENGINEERS. 

THE results of the session of the Institution of 
Civil Engineers, which closed last Tuesday are very 
satisfactory. The numbers of Members in all classes 
have largely increased, and the whole strength of 
the Society is greater than has ever been the case 
before. Since the 30th of November last, two 
Honorary Members have been added to the list, 
namely, the King of Portugal and the King of the 
Belgians, making the present number of this class 
16. To the class of Members 46 have been added 
by ballot, and 39 by transfer from the class of 
Associates. On the other hand the number of 
Members has been reduced by nine deaths, so that 
the whole force of this class is now 939. Among 
the Associates, 169 have been elected; of this number 
35 came in from the attached Student class. De- 
ductions, however, have to be made, namely, 39 
by transfer to the Member class, 13 by death, 4 
by resignation, and 4 were erased from the register. 
This makes the effective increase 109, and brings up 
the total number of Associates on the books to 1691. 

To the Attached Student class, 127 new elections 
have been made, 35 have been brought into the 
Associate class, 9 have resigned, and the names of 
8 have been erased from the books, leaving an actual 
increase at the close of the session of 75, and making 
the total number now on the books 444. The 
whole force of the Institution, including the attached 
class, is 3104, against 288] at the corresponding 
period last year, and showing an increase at the rate 
of 74 percent, The large number of students ad- 
mitted, indicates that despite the stagnant condi- 
tion of the profession, and the unfavourable pros- 
pects for engineers in the immediate future, con- 
siderable numbers of young men are being trained 
up as engineers ; doubtless Cooper’s Hill supplies a 
large proportion of these, possibly some engineers, 
having more leisure than in times past, are devoting 
themselves to the culture of sanguine aspirants to a 
professional career. 

During the past session of the Institution twenty- 
three ordinary meetings were held, at which thirteen 
papers were read and discussed in the following 
order: 1. On the Japan Lights, by R. H. Brunton ; 
2. On the Fracture of Railway Tyres, by Mr. W. 
W. Beaumont; 3. On the Chalk Water System, by 
Mr. J. Lucas; 4. On the Testing of Portland Ce- 
ment, by Mr. I. J. Mann; 5. On the Repairs and 
Renewals of Locomotives, by Mr. A. McDonnell ; 
6. On the Combustion of Refuse Vegetable Sub- 
stances for Raising Steam, by Mr. John Head ; 7. 
On the Sewage Question, by Mr. C. Norman Bazal- 

ette; 8. On the Transmission of Motive Power to 

istant Points, by Mr. H. Robinson; 9. On the 
River Thames, by Mr. J. B. Redman; 10. On a 
Deep Boring for Coal at Scarle, Lincolnshire, by Pro- 
fessor Edward Hull; 11. On Street Tramways, by 
Mr. Robinson Souttar; 12. On the History of the 
Modern Development of Water-Pressure Machinery, 
by Sir W. G. Armstrong; 13. On Manufacturing 
Charcoal for Gunpowder, by Mr. George Haycraft. 

Very considerable credit is due to Mr. Forrest 
for the prompt manner in which the Transactions of 
the Institution are laid before the members, Two 
volumes (47 and 48), comprising one-half of the pro- 
ceedings, and a large and most excellent collection 
of ‘‘ Selected Papers,” have already been issued, the 
former on the lst of Feb: , and the latter on the 
lst of May. The rest of the proceedings of the 
session will be comprised in volumes 49 and 50, 
of which one will be ready on the lst of August, 
and the other on the lst of November. There is 
little need for comment upon the manner in which 
these volumes are produc They leave nothing to 
be desired as re; the letter-press and the plates, 
and the appendix of selected papers continues to 
prove a most interesting and valuable addition to 
every volume. With regard to its published 
Transactions we believe that the Institution takes 
the lead of every other Society in the world. 

Besides the twenty-three meetings of members, 
there were eleven supplementary meetings for 
students. A paper was read and discussed at each 
of these meetings, and the character of the com- 
munications and of the discussions was highly gratify- 
ing. We publish on another page an abstract o 








one of these papers, which will serve as a sample, 
and indicate the practical nature of the student's 
paper. The attendance at these supplementary, as 
well as at the ordinary meetings, was considerably 
above the average. 

Two special meetings during the session may be 
noted; the general annual meeting, at which the 
Council announced their intention regarding the 
creation of the ‘‘ New Class,” and the special general 
meeting, convened by requisition, at which the 
Council, speaking through Mr. Fowler, renounced 
their intention concerning this class. We have 
already discussed this question at very great length, 
and have no intention here of reopening it at pre- 
sent, but we may briefly refer in this review of the 
Society session to the feature that will long make it 
celebrated. 

Feeling that the consignment of increasing 
numbers of engineers to a class in which they 
had no business, was contrary to the spirit of 
the Charter, and would ultimately bring about 
serious complications, the Council attempted to 
meet this difficulty by the impolitic proposition to 
create an intermediate class. Naturally this propo- 
sition was met by those most interested, with deter- 
mined opposition, and a special’ meeting was called to 
consider the resolutions of those members who had 
convened the meeting. Seeing that the feeling of 
the Institution went into direct opposition to the 
views expressed by the Council, Mr. Fowler, speak- 
ing for that body, proposed a resolution to the effect 
that the creation of a new class was at present in- 
expedient, but that that all those Associates quali- 
fied as Members should immediately apply to be 
transferred to the higher class. This practical and 
clear-sighted view of the case met with the hearty 
approval of the meeting, and the confidence 
in the Council, which had been not a little shaken, 
was—thanks to Mr. Fowler—entirely restored. We 
regret to note, however, that the announcement 
made last Tuesday regarding the number of Asso- 
ciates transferred has revived with greater force the 
want of confidence. A few out of a large number 
of applicants were passed, some very properly were 
rejected, but of others fully eligible under the bye- 
laws, nothing was heard. 

We fear this action will bear unfortunate results. 
The Institution stands now upon somewhat dan- 
gerous grounds, The bye-laws which debar the 
majority of members, that is the Associates, from 
the most important privileges, will prove of small 
avail if the time comes when those Associates, feeling 
themselves unjustly used, enforce their rights under 
the Charter, and insist upon sharing those privileges 
which are theirs of right so soon as they have signed 
the register of the Institution. Such a course would, 
as we have already pointed out, be vastly detri- 
mental to the Society, and we sincerely hope that 
the Council—especially now that through one of 
the most prominent of their number they have ex- 
pressed the just wishes of the body—will act with 
fairness and liberality. We think that nothing 
more than that will ever be asked, but that will 
be demanded and in one way or another obtained. 

We must close this- short review with a mention 
of the President’s brilliant soirée held last night at 
the South Kensington Museum. These meetings, 
attractive as they are each year, call for little notice, 
beyond recording as usual the obvious fact that the 
crowd of visitors were indebted to the President for 
a delightful réunion. The whole of the Museum was 
thrown open to the guests, who, arriving at the 
temporary entrance in the Cromwell-road, passed 
into the Architectural Courts, and were received in 
the Akbar-Khan Throne Room. They then passed 
into the beautiful North and South Courts, and 
circulated through the Picture Galleries, where the 
newly-acquired Forster Collection of Manuscripts 
and Autographs attracted much attention. ‘lhe 
company present numbered upwards of 2000, and 
included many persons eminent in art, literature, 
science, and Galena. 








THE NEW 80-TON GUN. 

Ir has hitherto been the general practice to 
designate the heaviest piece of artillery we possess 
as the 8l-ton gun. This was for atime correct, as 
that was the weight of that weapon when it first 
left the Royal Gun Factories at Woolwich. By 
degrees, however, this ceased to be accurate, inas- 
much as repeated enlargements of the bore reduced 
the weight of the gun to about 80 tons. These being 
the intended fighting weight of these weapons it 


f | will be correct in future so to designate them. Since 
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our notice of the performances of the 80-ton ex- 
perimental gun against the target at. Shoeburyness* 
the gun has been returned to Woolwich, where it 
has fired four more rounds each with 425 lb. of 
1.5 cube powder and a 1700 Ib. flat-headed proof 
projectile. An airspace of 34 cubic inches per 
und of powder was given to the charge, and the 
results of the four rounds were an average muzzle 
velocity of 1586 ft. per second, and an average 
chamber pressure of 19.3 tons per square inch. 
These are the last rounds the gun will fire for the 
present, as the experiences gained from the long 
course of practice with it are, so far, all the Heavy 
Gun Committee require. The gun has, therefore, 
been removed from its carriage, and the latter is now 
occupied by a second 80-ton gun, which is the first 
of the four service guns intended for the Inflexible. 
The three other guns arein a forward condition and 
could be finished ready for use within five months if 
required, a" 

‘he new gun is constructed upon the same prin- 
ciple as the experimental weapon, which externally 
it precisely resembles. The rifling, however, is en- 
tirely different. It is rifled on the polygroove prin- 
ciple, and has a gaining twist commencing at 0 at 
the front of the powder space and terminating in 
] in 50 at the muzzle. There are 32 grooves 1] in. 
wide and yy in. deep with } in. lands, The gun has 
at present a uniform calibre of 15.5 in. The rate 
of advance of the rifling has been so arranged by 
the authorities at Woolwich as that the curve of 
resistance given by it approximately follows the 
curve of pressures afforded by the explosion of the 
powder charge during the p e of the projectile 
through the bore of the gun, The forces at work 
within the gun are thus practically balanced, the 
moment of greatest resistance of the shot being 
coincident with that of the greatest force of the 
powder. Another point of departure in the new 
gun is that it is designed to fire studless shot. 
Hence the multiple grooving. The initial rotation 
is given to the projectile by means of an expanding 
gas check which consists of a thin disc of copper of 
the same diameter as the shot and having its peri- 
phery thickened out to 1 in, broad, This gas check 
is fixed by a central screw, cut with a left-handed 
thread to the base of the shot, which is cast with a 
series of radial serrations, When the powder 
charge is exploded the gases force the body of the 
disc into the serrations on the base of the shot, and 
its edges into the grooves of the rifling, and so the 
rotation of the projectile is effected. 

The new gun went through its proof successfully 
on this day week at the proof butts of the Royal 
Arsenal at Woolwich, in the presence of Colonel 
Younghusband, R.A., Captain Owen, R.A., Captain 
Cleveland, R.N., Captain A. Noble, R.A., Captain 
Morley, ’R.A., Mr. R. S, Fraser, and other Govern- 
ment officials. ‘Three rounds in all were fired, each 
with a charge of 335 lb. of 1.5 in. cube powder and 
a flat-headed projectile, weighing with the copper 
gas check 1550 lb. The air space allowed was 33 in. 
per pound of powder, and the charges had each a 
zinc cone inserted for central ignition, and were 
fired from the rear or axial vent. As the gun is a 
service weapon the body has not been bored for the 
insertion of crusher gauges as in the experimental 
gun. The powder pressures, however, are taken by 
means of a set of four crusher gauges which 
are fixed in a holder, and inserted in the axial 
vent from the muzzle of the gun by means of 
a cradle. The crusher gauge-holder has a steel 
rod attached to its rear, which, as well as 
the holder, is bored through longitudinally and 
centrally with a small hole for the passage of the 
flash to the charge. ‘The base of the projectiles are 
also fitted with crusher gauges. The gun was fired 
at 100 yards rangé from the sand butt, directly in 
front of which was placed a wood screen faced with 
sheet lead. Before each round was fired a circle 
15.5 in. in diameter was inscribed on the lead, and 
the gun was laid on this. ‘The shot from the first 
round passed through the screen in perfect line, 
there being no lateral deviation, although there was 
a rise of 2in. above the circle, the velocity being 
higher than was anticipated. The muzzle velocity 
was 1603 ft. per second, giving a total energy of 
27,600 foot-tons, the average chamber pressure being 
22.8 tons per square inch. The shot broke in halves 
longitudinally in the sand bank, apparently from a 
defect in the casting, only one half being recovered. 
The crusher gauge was lost, so that the pressure on 
the shot could not be ascertained. The gas check 





* See ENGINEERING, page 378 ante. 








acted well, the serrations of the shot and the rifling 


of the gun being impressed upon the copper very 
perfectly. In the second sound the projectile 
through the screen in good horizontal line, but with 
a slight lateral deviation to the left proper of the 
circle. The recorded muzzle velocity was 1599 ft. 
per second, the mean pressure in the powder chamber 
being 22.4 tons per — inch, The check 
again acted admirably, but the crusher plug when 
withdrawn from the shot, was found to have been 
damaged so that the correct pressure was not as- 
certainable. The shot from the third round showed 
a drop of 5 in. on the screen with a lateral deviation 
of lin. to the left proper. This was attributed to 
the play of the india-rubber springs. The muzzle 
velocity was 1598ft. per second, and the mean 
chamber pressure 22.8 tons - square inch, The 
results of the practice thus far being proved satis- 
factory the gun was returned to the Royal Gun 
Factories, and is to be sent to Shoeburyness to 
undergo its trials for range, accuracy, and penetra- 
tion. : 








ADDITIONAL ROLLING STOCK FOR 
RAILWAYS. 

THE reports of the different railway companies 
for the past half-year show a very general falling off 
in the “estimates of further capital expenditure” 
upon additional supplies of rolling stock. In a 
recent issue of this journal there appeared some 
statistics of the new stock acquired in 1876, when it 
was shown that the value of the additional stock 
paid for in the course of the year was little short of 
three millions sterling. From a further Table of 


list of companies requiring further supplies after the 
close of the present half-year. It ie porn as 
the first time for many that the last ‘ vote” of 
the proprietors of the London and North-Western 
does not contain a single item in the shape of rolling 
stock. The North-Eastern Com has spent the 
enormous sum of three and a half millions on new 
rolling stock in the last five years, and the further 
sum of 75,000/. will be paid this present half-year 
for stock that had been ordered but not delivered at 
the close of the accounts; after which it would 
appear the expenditure will cease, The Midland 
Company have been second only to the North- 
Eastern in outlay of this kind during recent years, 
and it would have been interesting to have their 
estimate of the further. amount required. It is not, 
however, their practice to distinguish the various 
items in their estimates as fully as the other com- 
panies; but, as rolling stock appears under two 
separate heads in the return, the amount still to be 

rovided may be considerable. The Lancashire and 

orkshire also do not separate the amount from the 
aggregate cost of the numerous new lines which 
they will have to equip, but no doubt it will be 
of some magnitude, The only other companies 
which will require any supply of importance, after 
the close of the current -year, are the Cale- 
donian, Great Eastern, Great Western, Manchester, 
Sheffield, and Lincoln, and North British—under 
400,000/, altogether. The extraordinary develop- 
ment of traffic on all the lines in 1873 and 1874 led 
to incessant demands for further supplies of working 
stock, which were readily sanctioned, under the 
influence of good dividends, by the proprietors. The 





fulfilment of the extensive orders then given, coupled 


RAILWAY ROLLING STOCK. 
STATEMENT OF THE EsTIMATED CosT OF THE ADDITIONAL ROLLING STOCK ORDERED OR TO BE ORDERED BY 
THE UNDERMENTIONED COMPANIES. 




















Half-Year 
Company. ending June, | 12 Subsequent Total. Sundries. 
1877. - Years. 
£ £ £ z 

Caledonian ... ~ iad 160,000 160,000 ,000 
Furness aps sea tse 914 aoe 914 Steamboats ... 3,000 
Glasgow and South-Western 62,714 om 62,714 
Great Eastern* ian ia 000 60,000 100,000 
Great Northern... aoe ; 000 35,482 85,482 
Great Northern of Ireland bi sea 25,000 t 25,000 
Great North of Scotland ... ine we 11,172 15,000 26,172 
Great Southern and Western{ ... x 30,000 30,000 Machinery 2,000 
Great Western it eee ose she 84,004 53,601 137,605 
Highland _.. ase.) te we . 1,000 4,000 5,000 Steamboats ... 30,000 
Lancashire and Yorkshire... ate Not distinguished i .. 6,267 
London, Brighton, and South Coast 50,000 59,000 109,000 
London, Chatham, and Dover See 53,046 
London and North-Western 43,086 43,086 
London and South-Western sae ,000 ial 50,000 
London, Tilbury, and Southend ... ove 10,000 20,000 30,000 
Manchester, Sheffield, and Lincoln§ __... 35,000 | 50,000 85,000 
Midland Sea a et a a Not distinguished 
North British 35,000 70,000 105,000 
North-Eastern 74,974 se 74,974 
North London eos née re oe 25,000 so 25,000 
North Staffordshire eve sah eee 2,000 10,000 12,000 
Rhymney : os on oe 5 1,362 36,373 37,735 
South-Eastern 10,000 000 20,000 
Taff Vale... 00 5 bee 5,000 + 5,000 
Waterford and Limerick .., 4,000 4,000 

Probable totals 975,000 800,000 1,775,000 41,267 











* Includes steamboats. + Notascertained. [ Wagonsonly. § Stock ordered. Further requirements not estimated. 


figures which we annex, it will be observed 
that the amount to be paid for in the first half of the 
present year will get be under one million. 
The latter half of this year will, there is ever 

reason to suppose, show a still further falling off, 
and it is not going beyond the mark to state the total 
probable expenditure on additional rolling stock for 
the present year at one anda half million, being 
just one-half the value of that acquired in 1876. 
‘This decline in the new and additional supplies 
required by the companies was never more marked 
than in the last half-year’s reports, and it would 
almost appear that the further expenditure which 
the companies have provided for is restricted to 
stock that has been ordered and not yet delivered 
or paid for. ‘The Belfast and Northern Counties, 
the Cambrian, Maryport and Carlisle, Metropolitan, 
Midland Great Western of Ireland, and some other 
lines have no estimates of this kind at all, and it 
may be assumed that in their case the present stock 
is supposed to be equal to their requirements for 
traffic p es. Some of the largest lines, includin 

the Glasgow and South-Western, the London an 

North-Western, the London and South-Western, 
and the North-Eastern, will disappear from the 


with the depression that has since set in, will account 
for the marked curtailment now visible in the 
returns of the companies’ future expenditure on 
additional stock. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

For the last four years it has been the custom of 
the Institution of Mechanical Engineers to hold in 
London the second of their quarterly meetings for the 
reading and discussion of papers upon subjects con- 
nected with mechanical ee and in ac- 
cordance with that custom, the second meeting of 
the Institution for 1877, under the presidency of 
Mr. Thomas Hawksley, commen y  per- 
mission of the President and Council of the In- 
stitution of Civil Engineers, yesterday morning in 
the theatre of that Institution, and will be continued 
to-day. j 

After the usual opening formalities the discussion 
was taken upon the paper by Mr. Henry Kirk, of 
Workington, ‘“‘On Homogeneous Iron, and the 
degree of Homogeneity to be in Iron pro- 





duced by various Systems of Puddling and subse- 
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uent working.” This was taken as read at 
last sevting of the foatitation which was held at 
Birmingham last March, and was printed in extenso 
in these columns at the time.* 

After the discussion upon Mr. Kirk's paper, the 
President called upon the secretary to read the 

aper by Mr. E. Hamer Carbutt, of Bradford, ‘* On 
Roots’ Mine Ventilator, and other Applications of 
Roots’ Blower,” which we shall publish in extenso 
next week. 

A short discussion followed, in which Messrs. 
Cochrane, Adamson, Head, Richardson, Perkins, 
Welch, Allan, Stevens, and the President took part, 
and Mr. Stewart, who represented the author, 
having replied, the President proposed a vote of 
thanks to Mr. Carbutt for his paper, which was 
passed, and the meeting was adjourned until this 
morning at 11 o'clock. 


LITERATURE. 


A Manual of the Mechanics of Engineering and of the 
Construction of Machines, fc. By Juurus WetsBacnu, 
Ph. D. Vol. I. Theoretical Mechanics. Translated 
from the fourth German Edition by Ecxunry B. Coxz., 
A.M. London: Triibner andCo. [Price 31s. 6d.] 

Tuis translation of Weisbach’s well-known work 

is a stout volume of 1100 well-filled pages, a book 

double the size of the translation of the first edition, 
published many years ago, which must be familiar 
to many of our readers. It isa treatise on mechanics, 
worked out specially in the direction of its con- 
nexion with engineering. It begins with some dis- 
cussion of the general principles of the science 

(Sections I. and if), through which itis necessary to 

go first, in order that its application may be 

thoroughly mastered. Limiting itself to rigid, or 
rather ‘‘ resistant” bodies, it then goes on to the 
statics of external forces (Section III.), and the 

statics of internal forces or stresses (Section IV.). 

Section V. takes up the kinetics of rigid bodies, 

treated much in the usual way, while the last two 

sections are upon hydrostatics and hydronamics. 

There is prefixed to the work a short introduction 

to the differential and integral calculus, which, if 

it will not teach any one the calculus, may, at any 
rate, enable some to follow tolerably well trains of 
reasoning involving some little use of the higher 
analysis, 

eisbach’s book has been, in one form or another, 
so long before the public that it is not necessary to 

- much aboutit. Those characteristics of it which 

will make it most useful to engineers are that it 

gives almost always not merely statements of 
theorems or equations, but direct demonstrations of 
them, and that these demonstrations are worked 
out, in most cases, by simple algebraical methods, 
These features of the book have no doubt been one 
great cause of its bulkiness, but a little additional 
unwieldiness is a small price to pay for features so 
valuable. It has been too often imagined by writers 
on this subject that the mere statement of an equa- 
tion is sufficient to enable the reader to apply it in 
his work. Unfortunately, too, the readers them- 
selves have sometimes taken up the same idea, and 
have found themselves landed in some difficulty or 
absurd conclusion by basing their calculations on 
formule which they have simply looked up in a 
book, without knowing the train of reasoning by 
which they have been arrived at. Mathematical 
formule can never express the complex conditions 
existing in practical problems. and the question of 
how far a particular formula can safely be trusted 
in a particular case is one which requires the ex- 
ercise of great judgment on the part of the engineer. 

At the same time no one who does not really know 

the reasoning on which a formula is based and the 

assumptions which underlie it, is in a position to 
exercise his judgment in this way. In the treatment 
of his subject Weisbach has done his best to satisfy 
these conditions of satisfactory knowledge, and 
there are a large number of engineers who will feel 
much indebted to Mr. Eckley Coxe for enabling 
them to read Weisbach’s book in their own language. 

We should have been glad if Mr. Coxe had added 
to or altered the text in some places, for Professor 

Weisbach is not so successful in those parts of his 

subject which have a direct bearing on practical 

work as in the purely theoretical The treat- 
ment of the strength of materials, for instance, which 
has some special merits so far as it is mathematical, 
is by no means satisfactory on its physical side, 
We notice no reference to Wohler’s experiments 











Mediterranean to the confines of China; the rise 
of the Italian republics ; the rise of the nations of 
the West—Spain, Portugal, and Gaul; the Crusades ; 
and last but not least the civilisation and com- 
mercial development of Great Britain. 


great changes. 
in Mr, Lindsay's first volume with characteristic 
ability and 

departs widely from chronological order, but that 


portance, and that h 
enterprise of the Phoenicians and their settlements 
there. 
which had arisen through the same cause. 
with the East down the Red Sea and the Persian 
Gulf was carried on vigorously by the Phoenicians, 
and the products of Arabia, India, Ceylon, and 
even China, appear to have travelled westward with 
regularity, and in quantities sufficient to supply the 
then demand. 
arose. 
said, fell into the hands of the Assyrians, and 
trade was for a time chiefly diverted through the 
Persian Gulf and along the caravan routes through 


wars in Asia Minor, and the conquests of the Medes 
and Persians. 


greatness and genius of the man than this foresight 


Alexander must have doubted the power of any one 
in those days to keep it long open for peaceful 
traders. His conquests in India and his 


whatever, notwithstanding their enormous im- 

rtance, and most of the experiments cited seem to 

old. 

The work of the translator has been excellently 
performed, the book is capitally got up, and the illus- 
trations are very good. We hope that in another 
edition Mr. Coxe will be able to modify some ex- 
pressions which, while no doubt correctly translated, 
sound very awkward in English. One which strikesus 
particularly is the calling a force, ‘combined elas- 
ticity and strength,” which is certainly not happy. 
The use of letters, too, differing from those we are 
accustomed to, makes some of the formule look 
unusual, But this is merely a matter of conven- 
tion, and probably American usage differs from ours. 





History of Merchant Shipping and Ancient Commerce. 
By W. 8. Linpsay. In Four Vols. With nomerous 
Tiustrations. London : Sampson Low, Marston, Low 
and Searle, Crown Buildings, 188, Fleet-street, 1874. 

[SEconD N OTICE. ] 
In our former notice of this excellent work we 
gave a brief outline of its contents reaching 
to the overthrow of the Phoenician power. The 
first volume of the work extends down so far as the 
time of Columbus, and closes with the death of that 
eminent discoverer. From the capture of Tyre to 
the discovery of America is a period of about 2000 
years, and it embraces many of the greatest events 
the world has yet seen. Among them may be 
mentioned the conquests of Alexander the Great ; 
the intestine wars of Greece, and the rise of Greek 
literature and art; the rise of Alexandria, and the 
prosperity of Egypt under the Ptolemies; the rise 
of Carthage and Kome; the incursions of the Goths, 

Vandals, and Huns; the rise of Christianity; the 

subjugation of Egypt by the Romans ; the destruc- 

tion of Carthage ; the fall of the Roman Empire ; 
the growth of Constantinople and the wars of the 

Eastern Empire ; the rise and spread of Mahome- 

danism, and the conquests of Islam from the 


It is beyond our scope to pretend to discuss these 
Suffice it to say they are discussed 
erspicuity, At times it is true he 
— can scarcely be avoided because the subject 
eing so vast and intricate it is almost necessary to 
trace the growth of certain nations separately, and 
in separate chapters. This, however, makes it 
somewhat difficult for one to keep distinctly in his 
mind, while reading, the relative positions of the 
different countries from period to period, This is of 
more importance as we get further on than it was 

in the earlier part of the book, 
It will be remembered that when the trade of 
Tyre and Sidon was at its height, this country was 
in a state of barbarism, and tin was its only export. 
We hear of only one Spanish port, Gades, of im- 
| become so through the 


And only one port in Gaul, Marseilles, 
Trade 


Troublous times, however, soon 


The ports of the Red Sea, as we have 


Babylon. This route again became blocked by the 
Alexander the Great clearly appre- 
ciated the importance and value of promoting and 
encouraging this Eastern commerce, as Solomon had 
before him. He also foresaw that the safest route 
for that commerce would be through the Red Sea 
and Egypt, and nothing shows more clearly the 


and the prompt steps he took in Egypt by the 
foundation of Alexandria to promote it. With his 
great armies he was able to open the way for com- 
merce through the Persian Gulf, which had been 
blocked by the Persians, and he did open it, but 


The largest re 
for Ptolemy Philopater, and said to have been 420 ft. 
long, 57 ft. beam, and of great depth, and to have 
had four thousand rowers. 


Mr. Lindsay, who gives a most interesting descrip- 
tion of the fleet he built there, and despatched to 
the Persian Gulf under the command of Nearchus, 
while he himself marched with his army back into 
Asia Minor. Alexander’s untimely death prevented 
him from fully carrying out his schemes for deve- 
loping the trade of the East, through Egypt and 

exandria; but his able lieutenant, Ptolemy, to 
whose share Egypt fell when, at the death of Alex- 
ander, his] conquests e out among 
his generals, did not lose sight of his master’s idea. 
Under him and his successors the trade of Egypt 
flourished for about 300 years, when it became a 
Roman province, and in the mean time Alexandria 
had grown rapidly into one of the very foremost 
trading ports of the world. 

As Greece advanced in civilisation and importance, 
and still more as Rome climbed towards the height 
of its glory and opulence, the demand for the 
luxuries of the East became more and more enor- 
mous; and the nations of the West—Gaul, Spain, 
Portugal, and Britain— as they too were brought into 
closer contact with the habits and requirements of 
civilisation, could not but increase the demand. The 
trade which for centuries had been absorbed by Alex- 
andria had begun again to flow in age through the 
Persian Gulf towards Constantinople, when a terrible 
blight fell upon it. The star of omet arose, and 
the armies of the Prophet — victoriously over 
Asia Minor, Egypt, the northern coast of Africa, 
For centuries the Moslem barred the way, and cut 
off as it were the East from the West. Although they 
became extensive traders themselves with the East, 
they dispersed the fruits of their commerce among 
their own people, and the difficulty was overcome 
only when Vasco de discovered—or rather as 
Mr. Lindsay says re-discovered—the route by the 
Cape nearly 900 years after the capture of Egypt 
by the Arabs. By this time, however, the com- 
mercial greatness of the Greeks, the Egyptians, the 
Romans, and the Carthagenians had d away 
like that of their great maritime soalaamntes the 
Phoenicians, and commercial enterprise had appa- 
rently become the heritage of the Portuguese, the 
Spaniards, the English, the Flemings, and the 
merchants of the Italian Republics. 

All these changes are traced by Mr. Lindsay in 
his first volume with a wealth of detail and power 
of illustration that give life to the narrative, and 
make the work one of the utmost interest to all 
readers of general history as well as to those 
interested in shipping and commerce. 

The eccentricities of the Egyptians in the matter of 
shipping, their strange habits and customs, their 
enormous ships, rivalling almost in size the Ark of 
Noah and the modern Great Eastern, would read like 
the pages of romance, and be put aside with incre- 
dulity, had we not heard of the wonders of the © 
Pyramids of lower Egypt and the monuments 
and temples of Thebes, and did not the historical 
evidence that has reached us make scepticism, 
except in details or exact dimensions, impos- 
sible. The Egyptians were not alone, however, 
in the ambition to produce ships of enormous 
size. Hiero, King of‘ Syracuse, is said to have 
built a huge monster under the superintendence of 
no less a man than Archimedes, and equal in size to 
the largest of the Egyptian vessels. This ship is re- 
ported to have made a voyage to Alexandria for 


corn, and to have been afterwards presented by 


Hiero to the King of Egypt, Ptolemy Philopater. 
rted Egyptian vessel is the one built 


We have not space to discuss the probabilities and 


improbabilities, the possibilities and the impossibi- 
lities of the descriptions given of these mar- 
vellous productions of naval architecture. The 
reader will, however, find much that is amusing 
as well as much that is instructive in Mr. Lindsay's 
observations on these matters, In reflecting over the 
question it is instructive to bear two or three points 
steadily in view. Until the introduction of iron into 
shipbuilding rendered it possible to effect mechanical 
combinations previously impossible, nobody in mo- 
dern times ventured to build a ship anything ap- 
es the reputed size of either Philopater’s or 


iero’s great vessel. The largest modern ships con- 


structed of wood have not exceeded about 300 ft. in 
length, and all the resources of modern skill and con- 
spicuous talent were required to make even them 
sufficiently rigid to bear bei 
about at sea. It would be next to if not impossible in 
the present day 


strained and buffeted : 
to build wooden vessels of such a 








* See ENGINEERING, page 196 ante, 





down the Indus to the sea, are ably sketched by 





size as the ancient vessels possessing sufficient struc- 
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tural strength to render them are Be 
it would be impossible to do so without the introdue- 
tion of an enormous quantity of iron strengthening, 
of which there are no traces or records among the 
ancients. It may be concluded, therefore, that either 
those ships did not approach the sizes handed down 
to us, or that they were built simply for show on 
the Nile, and were floating houses rather than 
ships. If the latter supposition is true, it would 
appear to follow that the voyage of Hiero’s great 
ship to Alexandria was arranged as a mere display 
in fine and settled weather. 

Another point is as to their propulsion, We know 
the difficulty there is to make a vessel like the Great 
Eastern, or one of our largest war-ships, manage- 
able at sea even with the aid of enormous steam 
power and of sails. Can any one suppose it within 
the range of possibility to make such ships, or even 
much smaller ones, say an ordinary Atlantic liner, 
manageable in heavy weather by manual propulsion 
with oars? We are aware that rowing large vessels 
in the olden times with large numbers of men was 
carried to a perfection scarcely appreciated in the 
present day, and the chapter in which Mr. Lindsay 
discusses the manner in which the rowers were dis- 
posed in the ancient galleys is one of the most in- 
teresting in the book. Doubtless in smooth water, 
or comparatively smooth water, a vessel of almost 
any size could be propelled by oars. It is different 
in a heavy seaway, and these huge vessels of which 
we read were in all probability intended as we have 
said for smooth water, and hence they offered no 
insuperable difficulties either in point of construction 
or of propulsion. 

It is a curious circumstance that although a great 
many ancient writers from Homer downwards have 
referred more or less fully to the ships and galleys 
of their period, and records of other kinds have 
been numerous, such as Trajan’s Column and other 
remains of ancient sculpture, various coins, and 
especially the recent discoveries of Layard and 
others, yet one of the most prominent and interest- 
ing points in connexion with them remains, if not a 
mystery, at least an open question. 

We read of uniremes, biremes, triremes, quadri- 
remes, quinqueremes, hexiremes, septiremes, octo- 
remes, and so forth up to Ptolemy Philopater’s 
tesseracontoros, but we find nowhere a distinct 
description of the difference between say a trireme 
and a quadrireme, or between a quinquereme and a 
hexireme. All agree thata unireme was a vessel 
having only one horizontal row or tier of oars. 
There is strong evidence to show that a bireme was 
a vessel having two rows or tiers of oars placed 
obliquely over each other, and that atrireme nad 
three rows or tiers of oars placed obliquely over 
each other. Hence it was inferred that a septireme 
had seven horizontal rows or tiers of oars, an 
octoreme eight rows, and so op, This hypothesis, 
however, breaks down, because allowing the minimum 
distance practicable between the rows, the upper 
tiers would be so high above the water as to be un- 
workable. Many writers in estimating the size of a 
vessel and number of oars from the number of rowers 
said to have been employed in her, have proceeded 
on the assumption that in all cases there was only 
one man to each oar. A moment’s consideration, how- 
ever, will show that even with biremes and triremes, 
the upper oars being considerably out of the water, 
would have to be long and heavy and would be un- 
manageable toone man. This has led to another 
hypothesis, viz., that the ancient galleys were classed 
not according to the number of tiers of oars but to 
the number of men employed at each oar. It is 
agreed that they were classed according to the 
number of ‘banks of oars,” but then the question 
remains what constitutes a ‘ bank” of oars. 
modern launch or cutter is said to be ‘double- 
banked” when she has two men to each oar. A 
galley having several rows of oars would necessarily 
have more men at each of the upper oars than at 
the lower ones, because they would be longer 
and heavier, and the class would therefore, we 
suppose, on this hypothesis be regulated by the 
number of men to each of the upper oars, It 
will be obvious after a little consideration that 
the problem of working several tiers of oars, with 
seven or eight men at each of the upper ones, 
gradually reducing in number towards the lower 
tier, is not by any meansasimple one. While some 
of the men nearest the ports would be able to sit, 
others further in tow the end of the oar would 


have to walk back and fore with the sweep of the 
oar; and not only back and fore but also up and 
down, according as the blade of the oar was in or 








out of the water, A series of steps could of course 
be arranged for the forward sweep and another for 
the backward sweep, but it must be obvious that the 
internal arrangements for disposing of the rowers 
advantageously must have been a matter requirin 
much skill and adjustment in the large galleys. 

The question of ventilation for the rowers has 
often been discussed, It is believed that the part 
of the vessel in which the rowers worked was not 
strictly speaking a part of the hold, or enclosed to 
such an extent that water getting in there through 
the ports would endanger the ship. The lower oars 
being short would not project into the vessel far 
towards the middle line, and as the seats of the 
rowers would rise in steps nearer the middle of the 
ship, as the oars got higher and longer there would be 
a large space inside the rowers, narrow at the top and 
broad at the bottom, which formed the water-tight 
hold proper in that part of the ship. Above this 
maser’ be hatches, and here the captains of the 
rowers walked to see that all worked satisfactorily. 
The deck over the rowers would, it seems, have 
been only a partial one, so that they could be con- 
trolled from above. Mr. Lindsay considers a bank 
of oars to mean a horizontal tier up to a quinque- 
reme, and beyond that, which he puts as the limit 
of practicable height, he counts each oblique row as a 
bank. The bow and stern parts of the vessel were 
divided off from the rowers for the officers and 
fighting men, and Mr. Lindsay draws a somewhat 
remarkable parallel which we quote. 

‘* As far as we can now judge from the writings 
of the ancients, first-class galleys were divided into 
compartments not unlike the steamers of our own 
day, verifying the adage that there is ‘nothing new 
under the sun,’ and certainly this holds true on 
comparing the bows of the war-galleys of the an- 
cients with the ironclad rams of modern times. Our 
theory, therefore, after the most careful inquiry, is 
that the paddle-wheel steamer of to-day resembles in her 
structure (though materially improved, and possess- 
ing the vast advantage of mechanical power) ¢he row- 

alleys of the ancients, Her machinery and coal bun- 
tian are separate and distinct from the hold, cabins, 
or any other portions of the ship, while the engines 
and the paddle-wheels take the position and act the 
part of the rowers and their oars, Here modern 
genius and skill, as in a thousand other instances, 
substitutes mechanical for manual labour. The 
modern paddle in its revolutions, performs exactly 
the same duty as the oars of the ancients in their 
simultaneous movements, and the well-trained crews 
of the Grecian and Roman galleys; in their action 
at the oars were, so far as is traceable, almost as 
regular as the beat of the paddle-wheel.” 

Mr. Lindsay says little about the naval wars 
between the different states of Greece, or the 
wars of the Greeks and Persians, and the part taken 
in them by the Carthagenians, or about the wars 
between Rome and Carthage and the various 
expeditions and conquests of the Romans on the 
sea. The vicissitudes ‘of Constantinople have a 
peculiar interest of its own at the present time, 
and everything Mr. Lindsay has to tell his readers 
about former sieges of it will be devoured with 
interest. We have referred to the naval history of 
the Italian republics that sprang up after the fall of 
Rome. Of these the most important was of course 
Venice. Many curious customs of the Venetians are 
described, among them the ceremony of espousin 
the Adriatic. We have hitherto been dealing chiefly 
with the ports of the Mediterranean and with row- 
ing galleys. In the meantime progress of a diffe- 
rent kind was going on round the coasts.of the 
German Ocean, and sailing ships were rapidly being 
improved and developed. From the slight vessels 


A | of the early Scandinavian Vikings, made of wicker- 


work and hides, grew the modern sailing ship ; but 
we must defer our further consideration of the sub- 
ject to a future number, 
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r Ree a FOR GUNPOWDER. 

vt the twenty-third and concluding meeting of the 
sixtieth session of the Institution of Oni Engineers, held 
on Tuesday, the 29th of May, Mr. George Robert Stephen- 
son, Presiden t, in the chair; a paper was read ‘On an 
Economical Method of Manufacturing Charcoal for Gun- 
powder: by Mr. George Haycraft, F.C.S., Assoc. Inst. 


By former methods of manufacturing charcoal for gun- 
powder, it had been customary to sb foes retorts, side by 
side, by a furnace atthe end. In some instances 
the gases had been utilised, but at the cost of havi 
stantly to renew furnaces and brickwork setting, w 
others the had been altogether , & being allowed 
to escape either in a gaseous or con form. By the 
new method, two sets of three retorts had only one fur- 
nace between them, and the flues were so that 
each set had its own outlet to the shaft, which was con- 





trolled by a damper. The man in , by closing one 
damper and opening another, cold abies “eke heat for 
either set of retorts at pleasure evolved in’ 


. The 

carbonising the wood were all collected in suitable flues, 
and used instead of coals for maintaining the heat neces- 
ode ait eta Perea te erases 
a given quantity of w 

carbonisation effect’ the isati Ort ong similar 
quantity, or nearly so. In working, one set of retorts 
Saeent rola id Seguin er cai 
wi anda ion. of . ; ven ‘the 
wood. When about two-thirds Sik wane in the wood 
were evolved, no more heat was required, because enough 
was stored up’ in the surroundi ickwork to complete 
the carbonisation. The surplus gas therefore was trans- 
ferred to the other set of ders, which were now full of 
fresh wood and coulipesativeny cold. the time the wood 
in the first set of retorts was con into charcoal and 
a new charge eg in, the second set of retorts was able to 
spare its surplus gas; and so the process went on alter- 
nately day and night incessantly throughout each week. 
Therefore, after first ligh the furnace on Monday morn- 
ing, it was only Sager | to the furnace bars covered 
with ashes, chalk, or other available rubbish. By the old 
method about 1 cwt. of coal was each time the 


three retorts were charged; but by the new ent 


56 Ib. pechnrte pnp yey burnings in six , and 
Sie r portion of the 56 lb. was used in getting up the 
e e. 





Tue INSTITUTION oF OrviL ENGINEERS.—It was 
announced that the Council, acting under the powers of the 
bye-laws, had recently transferred Messrs. John Orme 
Andrews, Charles James A ors a = Baker, John 
Hickman Barns, Rogers Field BA., Wi i Ang Aone 
Edward Bindon Marten, Arthur Cadlick Pain, Ran- 
some, William Shears, Ambrose Wallis, Charles 
Wawn, James Wilson, and Thomas Wrightson from the 
class of associates to that of members ; and had admitted 
Messrs. Willoughby John Bean, William Robert Bousfield, 
John Brunton, John ce, Roderick Mac- 
donald, William Everard Pedley, Henry Vaughan Rudston 
Read, Alfred Smith, Arthur mas, and Edward 
Henry Wallich as students of the Institution. The follow- 
ing candidates were balloted for and duly elected, viz., 
Messrs. Daniel Adamson, William Newsham Blair, James 
Augustus Coghlan, Charles James Homer, Fletcher Francis 
Sheridan Kel Walter Mac- 

enry » Jonas r, Thomas 
Rumble, Henry Charles Stanley, William 
MacNeill me pe and Joseph Westwood, Jun., as 
members ; and Messrs. Walter Young oe Aw Stud. 
Inst. C.E., William Patrick’ Brodie, Stud. Inst. O0.E. 
Humphrey Chamberlain, Edward Crofton, M.A., 
Brace Cruse, i ae Captain Frederick Firebrace, 
R.E., Messrs. John Galbraith, M.A., Edward Monson 
George, Leonard Groves, Charles Rastrick Hanson, William 
Harker, Stud. Inst. C.E., Charles Louis Hett, Geo 
Bestall Jerram, Thomas Kirk, Captain Pedro Benjamin de 
ee Lima, Messrs. Ler Mentor Stud, Inst, C.E., 
William John Maxwell, Giulio Alessandro Melisurgo, 
Robert Neville, Jonathan Packman, William , Francis 
Preston, F ic Henry Read Sawyer, est Ifil 
Shadbolt, Stud. Inst. C.E., Frank Stileman; ‘Stad. Inst. 
— James Page Symes, 


Herbert Oliver Thomas, Charles 
bert Walker, Nicholas Watts, Stud. Inst. 0.E., George 
» ind George Winstanley, as associates. 
During the session, 39 associates had been transferred to 
the class of members, 217 candidates had been elected, of 


Winn Webb 


. | which number 2 were honorary members, 46 members, and 


169 associates, 35 of the latter having eee been 
students, while 127 new students had been admitted. The 
deductions included 9 members and 13 associates from 
death, 4 associates and 12 students had resigned, and 1 
member, 4 associates, and 5 students had been erased from 
ister. The gross number of the several classes, 
which twelve months ago was 2881, now amounted to 3104, 
distributed thus; 939 members, 1691 associates, 16 hono- 
rary members, and 458 ts. 
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PORTABLE MORTAR MILL. 

We annex illustrations of a neat form + se 
mortar mill constructed by Messrs. Llewellyn Cubitt, 
of Rhondda. It consists of a rectangular frame mounted 
on four wheels, and at one end a vertical boiler 
and engine, and at the other a bracket, to which are 
attached one end of the cross frame carrying the vertical 
spindle, and the crank in which one of the shafts of the 
runners revolves. The pan is mounted in the usual way on 
a vertical shaft turning at the bottom in a bearing on the 
frame, and at the top in a bent horizontal frame, bolted at 
one end to the bracket as stated, and at the other to an 
extension of the engine frame. The pan is driven by 
bevel gearing, the pinion being at one end of the crank- 
shaft, which carries a flywheel at the other end. Each 
of the runners is on a shaft mounted in two cranked 
bearings, to allow of vertical play when the machine is 
at work. 





TORPEDO LAUNCHES. 


The oe — Vessels; their Construction, 
Armament, §c., and the Results of Certain Experiments 
that have been made with them.* 

By Mr. Joun DoNALDSON. 

SrxzAxKIne generally, naval warfare heretofore has been 

conducted on the surface of the water, and a fighting ship 

has usually been constructed so as to her offensive 
and defensive equipment about and above her water-line, 
her guns and the bulk of her armour-plating being always 
above that line, and the remainder of her armour-plati 
only extending below it sufficiently far to protect the vesse 
from shot while rolling. 

The thickness and strength of the bottom have been 
usually determined by structural considerations, and in 
modern ironclads it has been kept as light as possible in 
order to secure the buoyancy necessary for carrying the 
heavy guns, and the heavier plating of these h vessels. 
The consequence is that the bottom of an iron is her 
most vulnerable part, and a vessel costing half a million of 
money, and carrying, say, 500 men, may be sent to the 
bottom at any moment by means of ramming or the success- 
ful explosion of a torpedo. 

It may be that ing is not always successful, 
and doubtless the ram—being of necessity a heavy and un- 
gainly vessel, not easily diverted from its path—may be 
eluded by skill and dexterity on the part of the officers and 
crews of the intended victim. 

From a well-planned torpedo attack, however, in sufficient 
force, I believe there is no escape, and it is of vessels specially 
—— for this purpose that I propose to address you 


afternoon. 

aah 32. ight ae bed ny ae vy to use 

io boats sy ti was e during the American 
war, and as two vessels at least—the United States steamer 
Housatonic and the Confederate ram Albemarle—were 
actually sunk and several others severely damaged by means 
of these ae tpl the apprehension excited among 
all the v e —the attempt may be considered as 
having been decidedly successful. 

The torpedo boats used on these occasions were either 
submarine boats, specially designed and constructed for the 

urpose, or ordinary steam launches fitted with outrigger 

wpedoes. Neither of these types of boat is well sui or 
the work, as in the first case, independently of the difficulty 
of steering a boat under water, it would be almost certain 
to be destroyed when the torpedo exploded, and so sacrifice 
the crew engaged in the attack (as happened in the case of 
the sinking of the Housatonic), and in the second case the 
noise from the funnel, and the want of 5 in <a 
steam launches, would effectually (except when the attac 
was made on a dark night) jaan be md position, and allow 
them to be made roche of long before they came anyway 
near their enemy. 

Von Scheliha in reviewing the experience gained during 
the American warin the use of torpedo boats, considers 
that submarine boats acting yp py are quite un- 
suited for torpedo warfare, and that a swift jolly-boat, 
rowed with muffled ores, and provided with a self-acting 
contact torpedo, fastened to the socket of a movable torpedo 
8 12 ft. long, was preferable to any submarine boat. 
He further states that the general conclusions arrived at 


by American engineers were: ‘‘ That a torpedo boat 
should have a speed of at least 11 knots, as the ter the 
speed the less is the danger of being discovered, or struck 


by the enemy’s missiles ; that engine must work 

without noise, and no smoke should be visible; that the 

boat must obey the rudder, and that the crew should be 

potent against musketry, and the fire of light ar- 
ery. 

The majority of these requirements could be satisfied 
without much difficulty ; but the problem as to speed re- 
mained—as far as s' boats were concerned—unsolved 
till 1871, when Mr. Tho brought out the far-famed 
i vessel under 50 ft. in length 


Siete on ter ie Bennet 9 Ss wera of 10k 
perimented on . in the s 1 
attained speed of ‘8.65 statute miles, or 
nearly 16} knots 


om hour. 
These remarkable results did not remain long unnoticed 
Whitehead lo 


torpedoes } 
attention which I have no doubt will justified in the 
next great naval war. 

The first Government to recognise the great advance 
made by Mr. Th in the speed of small boats was 
the Norwegian, which, in 1873, gave my firm an order for 


OOFAL bond’ nenvesanted I i A 57 ft. in length 
ry » was . in len 
by 7ft. Gin. beam, drew 3 ft. of water, and the stipulated 





* Paper read before the Royal United Service Institution. 





























PORTABLE MORTAR MILL. 
CONSTRUCTED BY MESSRS. LLEWELLYN AND OUBITT, ENGINEERS, RHONDDA. 
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speed was 16 English statute miles, or nearly 14 knots per 
hour ; which s was not to be ascertained by a mere 
measured mile trial, but was to be 16 miles through the 
water in a run of one hour’s duration. 

The hull of the vessel was constructed entirely of steel 
plates and angle bars, and as may be seen from the dia- 
gram, was divided into six water-tight compartments, 
A, B, C, D, E, F. 

The compartments marked A and F in the stem and stern 
were for stores; those marked B and E were fitted with 
seats for the crew, and were provided with movable steel 
covers, so that on going into action, or during rough 
weather, they might be completely covered. 








Fig 1. 





was of the locomotive type, the shell being made of Bes- 
semer steel ; the firebox, and its stays of copper, and the 
tubes of solid drawn brass. The armament was not sup- 
plied by as, but I have reason to believe that it consisted 
of a cylindro-conical shaped torpedo towed from the top of 
the funnel, round which a ring was fitted with two pulleys 
for the towing ropes ; the strain Log J taken off by means 
of two stays attached forward. The length of this torpedo 
was 13ft., and the diameter 9in., and with a speed of 11 
knots, it has diverged to about 40 deg. from the direction 
of the boat’s motion when running in smooth water. The 
torpedo is worked by means of a small winch and brake 
fixed on the after part of the engine-room skylight ; davits 
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The compartments C and D are for the steersman and 
the machinery respectively, and were covered completely 
ing ;¢ in. in thickness —a thickness which has 
been found cient to withstand Snider or Martini-Henry 
bullets, fired from a distance of 20 paces, as illustrated by 
the specimens on the table. 

‘The compartment D was furnished with 2 hood, having 
slits 4 in. wide, all round, through which the steersman 
could see with sufficient distinctness to direct his course 
easily. Motion was communicated from the wheel to the 
tiller by means of steel wire ropes, which it was originally 
intended should be encased in wrought-iron tubes. The 
possibility, however, of these tubes being bent by a shot, 
one 0 emeing Se ete am, st te Bes ment 
being al ,» anc the ropes were simply run through 
eyes at intervals along the side. ines were com- 
pound, of the usual inverted double-cyli i i 


direct-acting 
type, capable of about 90 indicated horse power 
and were fitted with a , 80 that the vessel 


could run in salt water, without danger of injuring her 
boiler. A small tank contained a supply of fresh water, to 
make good deficiencies arising through leakage, and from 
t i safety valves, &c. bw heee amy 

ps e, as 
we feared, at that time, that it would be Eopeasiie to run 





them at the same speed as the main engines. The boiler 








are provided for dropping the torpedo overboard. The 
methed by which the contract speed of the boat was to be 
ascertained was prescribed to us by the pry y Govern- 
ment, and consisted of running the vessel at full speed for 
one hour, and counting the number of revolutions made by 
the propeller during that time. The vessel was afte: 
to be run six times over the measured mile, and the number 
of revolutions necessary to doa mile in still water ascer- 
. The number of miles actually done in the hour 
was then to be found by dividing the number of revolutions 
done in the hour by the number required to do one mile. 
The problem of finding the number of revolutions required 
to do a mile in still water, presents no great difficulty if 
the mile trials are run in still water, and consists simply of 
finding the arithmetical mean of the number of revolutions 
done on the six runs. If, , the trials are run ina 
river like the Thames, where there is a considerable cur- 
rent, it is evident that the vessel will be under the in- 
fluence of the current for a shorter time when going with 
it, than when going against it, and the result would be 
that if the arithmetical mean were taken, a larger number 
of revolutions would apparently be required to do a mile, 
than were actually ired. ; eae ae 
The number of revolutions required to do a mile in still 
water, when the mile trials are run in water having & 
current of which the velocity is constant, or nearly 80, is 
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found by — together the product of the number of 
revolutions made by the boat when running with the 
current, by the time taken to run against the current, and 
the product of the number of revolutions made by the boat 
when running against the current, by the time taken to 
run with the current, and dividing the sum by the sum of 
the times.* 

On the preliminary trials, we found we could do our 
contract speed of 16 miles per honr without much diffi- 
culty, but we believed the boat was capable of doing more, 
and as the Norwegian Government in impressing on us the 
high value they attached to speed, had put us in a position 
to try experiments, by offering a premium on every mile, or 

rt of a mile, by which the speed exceeded 16 miles per 

our, we reviewed carefully the whole design of the boat, 
with a view to find out what was most susceptible of 
improvement. ‘The least efficient part seemed to us to be 
the propeller, so we cast about to find a propeller that 
would give us 2 little additional speed, but found none that 
we could depend on. 

In the end Mr. Thornycroft invented the propeller which 
now bears his name. This propeller, as may be seen from 
the specimen on the table, is a modification of the /Dun- 
donald propeller, the principal difference being, that in the 
Dundonald propeller the blades were inclined backward in 
— lines, while in the Thornycroft propeller they are 
curved. 

The object in both cases was to prevent the water from 
being driven out radially from the axis by the centrifu 
force, and while the Earl of Dundonald tried to effect this 
by means of a straight blade, inclined backwards, Mr. 
Thornycroft considered that the blades should be curved, 
and that the curvature ought to vary in such a way, that 
the inclination of the blade to the axis should be greater 
near the boss than at the tip, on account of the greater 
amount of centrifugal force impressed on a particle of water 
— the boss as compared with a particle of water near 
the tip. 

On the official trial which took place on the Thames on 
the 17th October, 1873, the number of revolutions done in 
the hour was found to be 27,177, and the number required 
to do a mile in still water was 1578. The distance run in 
i171 =17.22, or very nearly 174 miles. 

The steam pressure during the trial averaged 85 Ib. per 
square inch, and the vacuum 254 in. 

Boats of the same size, and similar in all particulars— 
excepting the engines which we ‘improved by driving the 
air pump, feed-pump, and circulating pumps off the main 
engines, and abolishing the auxiliary e e, which per- 
formed these duties in the case of the Norwegian boat— 
were made for the Swedish and Danish Governments. The 
result was an increase of speed to 17.27 miles, in'the case 
of the Swedish boat, and to 18.06 miles, or 15§ knots, in the 
case of the Danish boat. 

I have no information regarding the armament of the 


the hour was then 2 








* This is shown more clearly by the following investi- 
gation, in which I assume that the velocity of the current is 
constant during each pair of runs, an assumption which is 
not quite correct for tidal currents, but, in the case of boats 
having oe speeds like ours, is very nearly so: Let «= 
number of revolutions per knot in still water, n=velocity 
of tide, R=revolutions with the tide, t—=time with the tide, 
R,=revolutions against the tide t;—time against the tide. 
Then distance run by boat with the tide in knots—1— 
nt, and distance against tide in knots=1-+-n t. Number of 
revolutions made under the circumstances respectively : 

awe a ee | -.- (1) B=a«(l+nt) (2) 
—n 
a= a= or R+ Bn t—R,— 
R, itn iy’ Ry Ry, nt 


n(Rt,+B,)—R,—B .*. n 
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Swedish boat, but the Danish boat was armed with two 
spindle-shaped torpedoes 12 ft. long, and 114 in. in diameter, 
somewhat like the Whitehead “4 They were placed 
on deck longitudinally jnear the funnel, so as to facilitate 
launching, and were arra to be towed from an up- 
right pole 8 ft. high, placed about 6 ft. from the stem. 

A small winch was' fixed on either side aft, to pay out 
the towing line, and to bring back the torpedo. By these 
arrangements the torpedo could be iprojected at a large 
angle from the direction of the boat’s motion, and at con- 
siderable velocity. Thespeed of the boat when towing one 
of these torpedoes is about 10 knots. 

With. regard to the stren of boats of this type, I 
may mention that when the Norwegian boat was fixed on 

the steamer for conveyance to Norway, that vessel 
in going out of dock came into collision with a telegraph 
cable-laying steamer, the bow of which penetrated the side 
of the torpedo vessel, and pulled her off the chocks on which 
she rested, causing her to fall a distance of from 15in. to 
18 in., and bending her bottom slightly, but otherwise 
doing so little damage that she s immediately on her 
arrival at Stockholm on a voyage of 150 nautical miles to 
her destination in Norway. ith regard to their sea- 
worthiness, I think I cannot do better than read the follow- 
ing extract from a letter addressed to me by Captain 
Koren, of the Norwegian navy, in which he describes this 


very verage : 
**In reply to your letter of the 14th, I have the pleasure 
to give you the following account of my trip in November 
last, from Githeburg Horten (a distance of about 
150 nautical miles) in the launch built by your honoured 
firm for our torpedo service. The season being far advanced, 
I was anxious to take the boat to Norway as soon as 
possible, so having patched uP the hole in her larboard 
quarter, and made a short trial trip, to see if the engine 
was in good working order, we s rom ai 
in good working ord f: Githeb: t 
two in the afternoon on the 21st of November. It 


been blowing stiffly the whole day from south-west, and | Pe 


my friends asked me not to start that day, as there would 
be a heavy sea rolling into the fiord, which I had to cross 
to get to the new canal and inshore passage to Marstrand, 
where I intended to stop for the night. Time p » 
however, and I started. I had engaged a Swedish pilot 
for the whole voyage on the testimony of his having traded 
on this coast for twenty-five years, and not doubting that 
he knew every creek an: poamnge. When we got out in the 
above-mentioned fiord, it was blowing a stiff double-reefed 
il breeze, with a i t confused sea, but 

still we had some shelter from the outlying rocks. I 
ordered the pilot to steer for the opening of the canal on 
the other side, a route which would let us have the sea 
about four points on our port quarter; but that fellow 
coolly told me that ‘he never went that way ;’ he only 
knew the circuitous outer route,’ which would take us out 
into the open sea to round the island on which Marstrand 
is built. I did not know what to do at the first; it was 
ing dark and the wind was freshening, and the boat cer- 

i id not look like a sea-going craft ; but we had come 
thus far, and I thought it best to push on- We had about 
fifteen minutes to run with the sea on the beam, and when 
we lost shelter from row pe Sed fps were end 
pene preg ee | , andgreat. However, she 
shipped no water, and rd observed her for some little 
time, I knew there was no danger, and it was with a sort 
of pleasure I heard that stupid fellow of a pilot ask, ‘If I 
ae oe boat would capsize?’ When we had rounded 
the island, and began running before the wind, the 
boat went quite steady, and got safely into the har- 
bour. Two hours after we came in it was blowing a most 





the| the case of a vertical or 





All the boats we have built 
foreshore of the river ite o i ey 
ing finished, and are high and dry every tide, with- 
out taking the slightest harm, a want of care which { think 
prove ruinous to any of our m ironclads 
they so treated. 
ubtless much of the mingennantn the 
a ge er 
a , Ww oes not appear 
have much stiffness; but when that plate is of , and 
is hammered on an anvil to the of the boat’s side, 
the case is widely different, the steel is to a certain extent 
tempered in the same way that a saw is, and the combina- 
tion of the curved plates, and the strong framing which 
supports it, forms a which is well adapted to 
t any ordinary detrusive forces which may be applied 


to it. 
(To be continued.) 








IMPROVED UP-ENDING TONGS.* 
A i Re nog i hor ge Pye Tight ir of to: 
SINGLE 8 , furnished with a pair > 
ca, cosy, anipusia ‘ner hammer paddled tal 
weig "A a up-en em. 
inglers assisting one another, can with equal Pecility 
deal with balls up to 5cwt. But modern rotary furnaces 
are capable of producing as much as 20 cwt. per heat, which 
must be dealt with in one mass. There aj to be no way 
of expelling the cinder from crude iron, and of con- 
solidating it, more effectual than the old process of 
shingling, provided it is done expeditiously. But this 
becomes A enteg difficult with weights greater than those 
mentioned unless means be devised for assisting the men 
with power, and admitting of their working at a reason- 
able distance from the heated mass. The above piece of 
mechanism will it is hoped afford a solution of the ity: 
‘When the oval-shaped ball is tipped from the bogie upon 


the anvil it is necessary to give it the form a 
Lercmeaper iow Th tended to be done by three men 
acting wi 


suspended hooks, and turning the piece over a 
uarter of a revolution after each blow of the hammer. 
sideways by a roller 
aarer. one side of the anvil, just clear of the hammer 
head when it falls. Thus far the operation isa simple one, 
such as may be seen at many forges. But the effect of the 
repeated side blows is not only to consolidate and give a 
a are . ~ to the bloom, but also V4 _ ate it. To 
prevent it from becoming unmanageab! respect, 
and to flatten the ends, it becomes necessary to up-end it, 
and for this purpose the improved tongs are brought into 


uisition. 
"Their construction will be readily understood from the 


2¢ bloom is prevented from esca 


pulley to a small i 
and worked by the hammer driver. At the poin 


msion between the tongs and chain isa small 
pair of subsidiary connected with the former by 
universal joints, and with the latter by a nearly horizontal 


chain. Their effect is to give a self-gripping 
to main tongs, the amount of the grip being 
he weight to be lifted. In up-ending the 


proportionate to ti 
piece two men stand, as shown in the dra’ , at the end 
of the tongs. Each man takes hold of one of the handles 


with one hand, and of a cross-bar with the other. 
an gnety the cross- res Co ot to 
in opening or need not concern 
iccdeas about Fears , and nf to give a better 
purchase in ing down. e ch ly does the 
whole of the work of lifting and_ of eripping. 
The points of the are formed of conical centre- 
pieces of soft steel, which can be readily c accordi 
to the size of the blooms under treatment, or when worn ou’ 


In this way blooms of great weight can be side- q 
up-ended, and put upon the with a minimum amount 
of labour, and of re to heat. The whole apparatus 


has been fitted i Da Messrs. Fox, Head, and Co.’s iron 
ae ee rough, and seems to answer its purpose 





SUBMARINE FOUNDATIONS.+ 

T at ag de TR 

‘aE 
merig/e dningtaed fom micgearat founialin 

» ani on sev 

which tend to the douirabiiea of a sea-work fnnatielon soft 
and movable materials. 

Treating first of surface or ‘‘ wind-waves’”’ and taking 
poe a aM 


reflection of a wave of oscillation, which, 


increasing the amplitude of the wave, produces 
wroatthe motion at a depth ly double that at wile 
and the author 


surface agitation would i felt ; 
concludes that at a d of about 40ft. below mean sea 
level the foundations of a wall will be safe from the agita- 





* Paperread before the Oleveland Institution of Engineers. 
+ Abstract of paper read at » of studeute of the 
187. 


Institution of Civil Engineers, April 
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tending to produce an undulation which id travel 


z 


rate. But the existing oscillation progressin 
rate ing to its wave} Goad unt parnill 
Soecoae ftaation of thet aecsed one, and as 

commences its existence on the crest of the 
— = finally tumbling —_ into to trough 
w the original wave continues its progress 
diminished in size. 


if 


Les 
=e 


y of water 
falling down into the hollow before the succeeding wave is 
doubly hurtful in its action. For the weight of water fall- 
ing Sreneh a greater distance acquires a greater accele- 
bg 1 and in addition is closer to the sea bed 

when it reaches the end of its fall, andis eeny more 
active in produ scour. Such walls almost invariably 
require su aprons of concrete or heavy stones to 
preserve them from failure. The author next speaks of a 
o nd swell,”’ which he considers to be a wave of trans- 
lation propagated in some way along the sea bed, while the 
surface is in many cases quite tranquil. The effect of such 
a swell will obviously be of a serious nature. Next are 
considered the effects of local ti currents and of the 
screws and paddles of steam vessels in producing scour, 
and the means adopted to obviate these effects. Then 
follows a bayie gw of the operations of helmet-diving and 
bell-diving, the anthor points out the special merits of 
the over the former in the work of under-water ex- 
cavations. Ina bell the men can move and work quite 


freely as if in o air, there no resistance of 
water to impede their motions, no weights, no pipes and 
po or other hamper to continually require attention, and 


interfere with their venice y, 4 powers. The 
fatigue which is felt so soon by helmet-divers, is not in 
like manner experienced by bell-divers, they being after a 
shift of six Beors ee a p Por had ee 
© open air. ptability o: s to work- 
fro ta dock water for excavating Loy wey may itiso in some 
localities mean the saving of a great deal of time. 
The merits of excava' machines are next considered, 
and of these, Bruce’s “ ** is mentioned as being 
ong wings of this machine were given, to- 
gether with a full description of its construction and mode 
of work. comparative costs of excavations under water 
by aid of helmit-divers, bells, and; excavating machines 
areas 12:7:3. The machine is stated to work econo- 


mically in very hard d. 

One of the most difienlt classes of excavations is that 
where in shallow water a few feet of sand or soft 
jam rims Neha Fey : shallowness of the water 


the bell-work becomes considerably in- 
usual inequalities of a rock surface render it 
difficult to the bell in a positior at all level or con- 
venient for the men to work in, and much time is spent in 
this operation. 

The preparation of foundations being so costly, methods 
possible to reduce the arrount of exca- 
ost. To this end the employment of 
is of much value. They are placed so as 
limits of the excavation and are 
manner. As the soil inside 
and thus prevent the outside 
material from falling in. When a sufficient depth is 
work is built up within them above 
are removed and the 
shields raised and taken to the next Re ion. The removal 


i 


sci 





. | through the water, and in addition 





deposited in sit@ under water a pas i 
of cement than concrete for \ which would occupy a 
similar position in the work. Because, however, much 
care is taken to envelop the liquid concrete in a good cover- 
ing there is always some loss of cement in its 

ing subject to the 
wash of the sea, it is necessary that the induration should 
take place as quickly as possible. Usual proportions are 
lto 5 or 1 to 6. 

Just as Portland cement attains toa greater degree of 
hardness if kept continually immersed, so does Portland 
cement concrete become harder when deposited liquid in 
sitd below water, than it does in blocks which set in the 
openair. The resistance to crushing of a mixture of Port- 
land cement and sand in proportions 1 to 3, is after some 


uires a larger proportion 


of | months, according to Grant, 1.20 tons per square inch, 


while that of Portland stone is 1.6 tons, and granite 
3.5 tons per square inch. These comparisons show that 
by using concrete for a foundation instead of going 
through the expensive processes of extensively cuttin 
down and levelling the rock a bed can be sree | that wi 
resist the greatest pressure that can be b: ht upon it 
in any marine work. Care must be taken, however, to 
avoid placing the bags upona sloping surface of rock if the 
incline be —aee than about 1 in 12. 

The paper also describes the details of the processes of 
levelling the foundations. 








THE MINERAL WEALTH OF JAPAN.* 
By Henry S. Munrog, E.M. 
Continued from page 411.) 

Yurap Lead Mines—Yamakushi kéri, Tburi Province, 
Yesso. In the course of my work for the Geological 
Survey of Yesso, I spent some time at these old mines. It 
was intended to make a careful survey of the region, but 
the work was interrupted by cold weather, and was not 
afterwards resumed. 

The lead deposits of Yurap bear a striking resemblance 
to those of Daira. The country rocks are dark blue, slaty 
rocks and quartzites, much folded, and having a general 
north and south strike. The stratified rocks, like those of 
Daira, are traversed by small veins and large dykes of a 
white porphyry, having an east and west direction. The 
ore-bearing veins are found both in the quartzite and in 
the porphyry, and are filled with the same minerals as at 
Daira—galena, blende, copper, pink carbonate of man- 
ganese, quartz, &c. These minerals are here, also, some- 
times symmetrically arranged in seams within the vein. 
Veins containing only quartz and ore, and without gangue 
a complete the resemblance between these and the Daira 

eposits. 
hese mines have been abandoned for a number of years ; 
and, at the time of my visit, I could find no one who was 
familiar with the old workings. The old stopes which I 
examined had been exhausted, and I saw little or no ore. 
Others, who visited these mines at an earlier date, report 
that they saw ore bodies a few inches to a foot thick. 

From the very remarkable similarity between these veins 
and those of Daira, it is probable that the Yurap mines 
could be worked, should a necessity here arise for a suppl 
of lead. In view, however, of the tact that labour is muc 
more expensive in Yesso than in Nippon, it is also probable 
that the profits would be even less than at Daira, though 
the works should be conducted on the most approved 
methods. 

Other deposits of lead occur in Yesso, but none of im- 
portance. At one place the deposits closely resemble those 
- a and Yurap, but the veins are onal and not work- 
able. 
Towada Lead Mine—Akita ken. This mine was opened 
some years ago by the Mining Office, with the view of 
obtaining a supply of lead for the smelting of the K 
silver ore. The explorations had, at the time of my visit, 
revealed no large bodies of ore. A few fine specimens of 
galena, since divided among the museums of Tokio, con- 
stituted, in fact, the total product of the mine. I have 
lately been informed that this mine is now paying expenses. 
ree ne bodies of ore, therefore, have probably been dis- 
covered. 

Towada Lead Mine—Yeichi (?) kéri, Shiga ken: The 
following notes concerning this mine are condensed from 
Mr. Gowland’s description :¢ 

The vein is large and wide, but is chiefly filled witha 
blue, shaly material, through which the ore occurs in thin. 
straggling seams, and in i pockets, associated 
with similar seams of calc- The vein has a steep dip ; 
its course, however, and the direction of the dip are not 
stated. The country rock is a silicious shale, broken 
up and decomposed near the surface. 3 

The ore is galena, associated with iron oxide, magnetic 
and i pyrites, mispickel, and, sometimes, copper 
pyrites. The ore is r, yielding, in the furnace, but 
4 to 5 per cent. of lead. Small quantities of purer galena 
are sometimes found. A sample of ore of this description, 
from a seam 10 in. thick, gave Mr. Gowland, by assay, 
69 cent. of lead, and 125 oz. of silver to the ton. This 
yielded the Japanese smelters but 40 per cent. of lead. 

The mine is worked by levels driven into the hill side, 
and is drained in the usual-manner. The workings are 


very i . Gunpowder is used in hard rock. 
Mr. Gow does not state the yield of mine, but it is 
probably not large. The lead ced contains 8 per cent. 


of silver, so that the mine should be regarded as one of 


silver rather than of lead. 
Silver.—The metall of silver, and its extraction on 
a large scale, probably date from the year 1590, when the 
* A paper read before the American Institute of Mining 
ineers. Reprinted from thé New York Engineering 
Mining Journal. } 
+ Quoted by Mr: Plunkett, Mines of Japan; p. 25. 











Japanese first learned from a foreigner to separate silver 
from lead and copper. _ The discovery of silver and its 


od cpm are placed by the Japanese, as we haye 
y seen, some ten centuries earlier. 

Between 1649 and 1671 the Dutch exported 140,000,000 
dols. in silver bullion ; and, even supposing a large propor- 
tion of this to be silver previously conmubell from the mines, 
or brought into the country by the Portuguese for exchange 
with gold, the yield of the country cannot have been less 
than 3,000,000 or 4,000,000 of silver per year. Comparing 
this with the present annual yield, 312,000 oz., or in value 
about 350,000 dols., it is evident that there has been a 
great falling off in the production of this metal. 

This is due to the causes already stated, viz., the 
abandonment of many mines on account of the rise in the 
value of labour, and the practical exhaustion, so far as 
Japanese methods of mining are concerned, of the more 
accessible and easily worked deposits. The silver deposits 
of Japan constitute, however, the most valuable portion of 
its metallic wealth, and offer the greatest inducements for 
the investment of capital. When the abandoned and the 
feebly worked mines of silver shall be reopened and pro- 
perly worked, the annual production of silver will certainly 

ual, and may possibly exceed, that of former times. 
The silver-bearing veins are, as a rule, true fissures 
continuous in depth; the bodies are and —_ 
tent ; a constant supply of ore can at times be depen- 
ded upon; and there is still left below water level, in the 
nband oned mines, vastly more ore than was ever obtained 
above. 

Silver occurs in 25 of the 38 ken and fu, and in 1874 
98 mines were producing larger or smaller quantities of 
bullion. The total yield, according to Mr. Godfrey, was 
about 312,000 oz. troy. Of this amount probably one-half 
was the product of 10 mines, and thus the remaining ones 
must have averaged nearly 1800 oz. of bullion ; certainly a 
very promising exhibit when we consider the imperfect 
methods of working employed. 

Silver occurs associated with ores of copper and of lead, 
and sometimes with gold. Of the 98 permits for silver 
mining granted in 1874 by the Mining Office, but 13 were 
for silver alone ; the remainder for silver with copper or 
lead, or with both copper and lead. But three were classed as 
gold and silver mines ; a much larger proportion, however, 
produced bullion containing from 1 to 10 per cent. of gold. 

Native silver, argentite, and antimonial silver ore are, 
so far as I know, the only silver minerals found in Japan. 
Other sulphides probably occur, but they have not as yet 
been recognised. Silver also occurs in tetrahedrite, galena, 
copper and iron pyrites, and in blende, in larger or smaller 
quantities. 

M. Coignet* describes a peculiar ore or mineral of silver 
containing organic or bituminous matter, which was found 
in one of the mines at Ikuno, in Toydka ken. 

Silver occurs in Japan in true fissure veins through 
stratified rocks, and in irregular mass deposits distributed 
through voleanic rock. The ore in the first class of deposits is 
found usually in regular and well-defined seams in the vein, 
and rarely in pockets or lenticular masses. In the mass 
deposits the occurrence of ore is more irregular and uncer- 
tain. 

The Japanese method for the extraction of silver from 
the ore is always by fusion with lead. When the ore con- 
tains a large proportion of copper, there is a previous fusion 
for copper matte or for black copper, which are afterwards 
treated with lead. In the first case the matte is alternately 
roasted and fused with lead till the copper is entirely lost 
in the slags. In the treatment of black copper with lead, 
by the admirable liquation process —s referred to, the 
copper is saved and the silver more perfectly ted. 

Ores free from a ape fused directly with lead, though 
sometimes previously roasted to lomerate the fine 
material. the silver lead, however, obtained is cupelled 
with charcoal on an open wood-ash cupel, as dy 
described. The loss of lead is generally very great; and, 
with few exceptions, the proportion of silver saved is 
not usually more than 60 per cent. of that.contained in the 
ore. : 

The following mines, which have come under my notice, 
are among the most important in Japan, and will serve to 
illustrate the different of silver deposits : 

Kosaga Silver Mine, Akita Ken.— This mine is now 
worked by the Mining Office, and is under the superinten- 
dence of Mr. Curt Netto, a German miningengineer. The 
works, which consist of several shaft furnaces, reverbera- 
tories, an English cupelling furnace, &c., were built by 
Oshima, of the Mining Office, from plans said to have been 
furnished by Mr. Pumpelly while in Japan. The works are 
well arranged, but the process proves to be unsuited to the 
ore, which is — poor. For this and other reasons, Mr. 
Netto has decided to materially change the process, in such 
a Met as to utilise a large proportion of the 
old p. 

The ore, which is found within a short distance of the 
pe ta are i. irregular mane yon own through a 
whi spathic porphyry.  porp occurs as & 
massive eruption on the flank of a of Bills of stratified 
rock. The erosion of this porphyry, which is soft and easily 
decomposed, has formed a wide valley, and the rock is 
almost here covered and concealed by deposits of 
alluvium, ‘Its limits have not been determined, but I 
found exposures ina belt a mile or more in width, and 15 
or 20 miles’ fa length. Ore has so far been found in the 
porphyry only in this one locality, but similar deposits may 
possibly be concealed by the river alluvium. : 

There are two classes of ore, both poor, but found in 
unlimited quantities. The first is a yellow-clay ore, con- 
sisting of decomposed porphyry stained by oxide of iron. 
This contains 40z. to 40 oz. of silver to the ton; and, 
exceptionally, as much as 100 oz. The second class is a 
black sulphuret, mostly amorphous blende, containing 


* An. des Mines. Tome vi. 
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about 12 oz. of silver to the ton, and 5 per cent. of copper. 
Besides these, certain silicious ores, ,con' traces 
silver, are used in the furnace as flux. The ore; as mixed 
for smelting, contains on an average 13} oz. of silver. 

The porphyry in which these masses of ore are found is 
often locally charged with pyrite, which assays 0.015 oz. 

ld, and 0.73 oz. silver to the ton. Mr. Netto thinks 
Frat the clay ore is possibly formed from this by decom- 
position with concentration of the silver by segregation. 

The ore occurs in the porphyry in large irregular masses. 

One such mass of b ore, which was gad exposed to 
the open air, measured about 35 ft. by 25 ft. by 15 ft. 

The process used ey -~ extraction of the silver at the 
time of my visit was as follows : 

yO Reauing of ore in piles—the blende and part of the 
flux being submitted to t is treatment. 

2. Fusion for matte in shaft furnaces, 

3. Roasting of matte in piles. : 

4, Fusion of roasted matte with lead in a low hearth by 
the Japanese process. : 

5. Refining and cupellation of the lead. s 

Operations 3 and 4 are several times repeated, until the 
matte is reduced to very small bulk, and most of the copper 
has been brought into the ange These rich slags go back 
to the ore fusion in the blast furnace. ; 

It is proposod, in order to obtain a larger proportion of 
the silver, to save the copper now lost, and to avoid the use 

of lead, which must now be brought from a distance, and 
for other reasons, to adopt a wet method of treatment. 
The matte from the shaft furnace is to be ulated 
roasted with salt in a reverberatory furnace, and li iviated 
after the Ziervogel method. Experiments to test these 
proposed changes had just been completed at the time of 
my visit, and had proved very successful. I have since 
been informed that these changes have been made, and 
give very satisfactory results. 3497 tons of ore (of 2240 lb.? 
were treated in the year 1874, yielding 172 oz. gold an 
22,621 oz. silver.* 

Mukoginzan, Ani Mines, in Akita kéri, Akita ken. On 
the other side of the river from the Ani copper mines, and 
under the same management, is the Mukoginzan (literally, 
the opposite silver mine). The mine, at the time of my 
visit, belonged to Ohno, and is now under the control of the 
Mining Office. I understand, however, that it is still 
worked by Japanese methods. 

The ore, like that of the Kosaga deposit, occurs in a 
large erupted mass of white feldspathic porphyry in small 
or irregular seams or impregnations. The mass of volcanic 
rock is much smaller than at Kosaga, though its extent is 
unknown. There are also numerous dykes of the same 
white feldspathic rock traversing the stratified rocks of the 
vicinity. 

The ore is porphyry, more or less decomposed, and im- 
pregnated with sulphurets. It contains copper and iron 
pyrites, galena, argentite (?), &c., and more or less free 
gold. The ore is crushed with hoes, and concentrated, by 
washing, to one-fifth of its original weight. If too hard to 
be thus easily crushed, it is weathered for six months or a 

ear. The washed ore contains about 3} oz. of gold and 

oz. of silver to the ton of 2000 lb., and about 1 per cent. 
of lead. The bullion value of 1 ton will thus be about 
80 dols. ; or of the unwashed ore, about 16 dols. 

About half of the gold in the ore is obtained directly by 
careful washing. For this purpose the finest and richest 
portions of the jigged ore are washed by hand on the 
shallow wooden ita, or washing board; and the gold thus 
obtained is added to the bullion in the last stage of the 
cupellation. The treatment is as follows : 

1. Roasting of the washed ore in kilns. 

2. Fusion of the roasted ore with lead in a low hearth. 

3. Remelting of the slags and matte with lead. 

4. Cupellation of the lead. 

The bullion, which is two-thirds silver and one-third 
gold, is sent to the Innai silver mine and there ; 
The product of the mine at the time of my visit, in 1874, 
was about 75 oz. of bullion per month. 

Annai Silver Mine—Okatsu k6ri, Akita ken. This rich 
mine has been known and worked for over 250 years. At 
the time of my visit, in December, 1874, it was owned by 
the merchant Ohno. During my stay, however, an officer 
arrived and took possession in the name of the Govern- 
ment. It has since been turned over to the Mining Office, 

but is, I believe, still under Japanese ement. 

There are here quite a number of veins ; but one only is 
worked, and little or nothing is known of the others. The 
one worked is a fissure vein, 5 ft. to 30 ft. in thickness, 
traversing strata more or less metamorphosed in an east 
and west direction. The dip of the vein is steep, from 
50 deg. to 80 deg. southw The vein rock is calcite, 
usually quite crystalline. 

The ore is quartz, through which the silver is dissemi- 
nated in the form of argentite and antimonial silver; and 
contains also sufficient gold to form 1 per cent. of the 
bullion produced. The ore holds but little pyrite or other 
sulphurets, though the veins sometimes contain seams of 
blende. The ore seams are from a few inches to 3 ft. 
thick, the average being five to six-tenths of a foot. There 
1s sometimes one such seam, and sometimes two, three, or 
five symmetrically arranged in the vein. 

The ore, as mined, averages 130 oz. to the ton of 
2000 Ib. This is crushed and hand-picked—not washed 
—to yield 14 to 2 per cent. of silver, or 448 oz. to 588 oz. 
tothe ton. Several amounts of ore are sometimes found 
which will yield over 5 per cent., or about 1500 oz. of silver. 
Ore that, by hand-picking, cannot be made to yield 200 oz., 
is either left in the mine or thrown on the dump. Thousands 
of tons of such ore, which, without dressing, would pro- 
er, yield 80 oz. to 100 oz. to the ton, would thus be 
available for treatment if a stamp mill were erected. 

As may be inferred from this fact, the process of 
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ment employed at this mine is extravagant and wasteful. 


of | This is occasioned by the extraordinary richness of the ore 
which has made-profit possible in spite of the most 
unskilful treatment,.and has effort after im- 


proved methods of working unnecessary. The process 
employed is as follows : ’ 

1. ing for agglo tion. 

2. Fusion of roasted ore with lead. 


4. Cupellation. gm 

Small quantities of ore, not more than 2 Ib. or $ Ib., are 
treated at an Ce Tye large quantities of fuel and 
an energetic: blast. The co uence is that 50 to -60 per 
cent. of the lead is sent up the cheat, carrying with it a 
large part of the silver. The small scale on which ‘opera- 
tions are conducted, involves, moreover, an unnecessary 
amount of labour, and adds largely to the expense of the 
treatment. 

The mine is quite dry, and the Japanese miners have 
thus been able to extend their workings far below water 
level—having reached, at the time of my visit, a depth of 
750 ft. below their lowest drainage tunnel. To raise the 
water, however, a force of about 50 men and 274 pomee are 
required. The water is,pumped in over a hundred lifts, 
each pump raising it being less than 8 ft. Although the 
amount of water so raised is’ small, it entails an expendi- 
ture of 250 dols. per month—an amount exceeding the 
average monthly yield of most other silver mines. 

This mine is one of ‘the richest in Japan, and, when 
properly worked, will peeve exceedingly profitable, and 
materially increase the bullion product of the empire. The 
yield of this mine in 1873 was 44,378 ounces, in 1874* 
about 41,400 oz. of silver bullion.. This bullion contains 
about 1 per cent. of gold, and Uy cent. of base metals— 
1 per cent. of copper and 4 of lead. 


(To be continued.) 








FOREIGN AND COLONIAL NOTES. 
Sidings on the. Grand Trunk of Canada.—The total 
lengt of new sidings laid last year upon the Grand Trunk 
Railway of Canada was 3} miles. The aggregate extent of 
the sidings upon the system at the close of 1876 was 2084 
miles, or 15 per cent. of the main line and branches. 


United States Rolling Stock Company.—The business 
of this company improved last year. The gross rentals in- 
creased in 1876 as compared with 1875 to the extent of 
81,047 dols. The net earnings of 1876 amounted to 
430,251, and the company paid a dividend for the year at 


the rate of/4} per cent. per annum, 188,751 dols. being carried | P. 


to the reserve. 


Belgian Gas.—The sales of gas effected by the Belgian 
General Company for Lighting and» Heating by. Gas 
amounted in the seven months ending March, 1877, in- 
clusive, to 459,137,038 English cubic feet. The correspond- 
ing sales in the corresponding period of 1875-6 amounted to 
436,540,315 English cubic feet, showing an increase of 
22,596,723 English cubic feet in 1876-7. The company 
carries on working operations in Italy and Hungary, to 
some extent, as well as in Belgium. 


jum 

American Lighthouses.—Messrs, , Jones, and Co., 
of Wilmington, are constructing for the United States 
Government an iron lighthouse for Towey rocks on the 
coast of Florida. The structure, which will be completed 
in about three months, will be 140 ft. high, and 60 ft. in 
diameter at its base. It will be supplied with a Fresnal 
revolving light. A lighthouse exhibited the United 
States Government at the Centennial Exhibition will be 
erected on the Ship John Shoal, Delaware Bay, below Cross 
Ledge. This lighthouse will be placed in position in about 
a month. 

Another Great American Bridge.—A plan has been 
adopted for what will be known as the Blackwell’s Island 
Bridge, connecting the New York and Long Island shores, 
by way of Blackwell’s Island. Its whole length will be 
upwards of two miles, and the floor will be 135 ft. above 
mean high tide. The bridge will be all iron, it will cost 
about 2,500,000 dols., and it is expected that it will be 
completed in two years. 

Rolling Stock on the Grand Trunk of Canada.—At the 
close of last year the Grand Trunk Railway Company of 
Canada sed 434 locomotives, 358 passengers cars, and 


7573 freight cars. The total of 434 engines may be sub- of 


divided thus: Passenger locomotives, 67; freight loco- 
motives, 359 ; and shunting locomotives, 8. The company 
also owns 39 snow ploughs. 


Steel in France.—Wrought, puddled, and Bessemer steel 
was made in France last year to the extent of 254,190 tons ; 
the corresponding production in 1875 was 251,637 tons. Of 
cast steel 7685 tons were made in 1876, as compared with 
6143 tons in 1875. 


Locomotives on the Illinois Central.—In the course of 
last year 11 locomotives were rebuilt on the Illinois Central 

i » while 16 received thorough repairs and 77 general 
repairs. Of the 11 engines rebuilt 10 received entirely 
new boilers. Of the engines owned or used by the system 
194 have now full sets of steel ag No steel tyres were 
broken during the past year. The company owns 186 en- 
gines and uses 16-more acquired by lease. 


French Mechanical Industry.—The profits realised in 
1876 by the French concern known as the Forges et 
Chantiers de la Méditerranée amounted to 19,2351. Out of 
this balance a dividend of 11. 4s. per share has been de- 
clared, and 351. has been carried forward to the credit of 
1877.. M. Dupuy de Lome is one of the directors of this 
company. : 


Australian Telegraphy.—Satisfactory reports havé been 
* Estimated eleven months’ yield being 38,414 07, 
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received from the construction gartien ou. the asbeaee 
peek tags ebieh will cotalion egraphic communication 

South Australia and Western Australia. At the 
last dates the poling had been completed to within 100 yards 


of the boundary line. Re 
eres Iron. — The furnace of the British and 


harcoal Iron Company at Port Lempriére has 


pee i paeceene vel, Oe oe ae ict 
it necessary suspend sm: operations 
a short time. Owing to an en’ season, the 


it has not been considered safe to work the engines 
aly cy age reer Wetee tabsn from eee 
pany’s jetty s owed: by salinometer 5} oz. per an 
the inernstation on the inside of th dues was to be 
from } in. to 1 in. thick. 

American Bridges.—A board of consulting i 
appointed to recommend a for the New York and 
Long Island Bridge across the East River at Seventy- 
seventh-street to ell’s Island and thence to Long 
Island, has submitted a report. This report states that 
ee i iunaes i eee 

is the J - aN > 
tivel ais doqaired hordes the two arms oF thie Rest River at 
an elevation ef at least.130 ft. above one of the most busi 
i i United States. The Ni 


Suspension Bridge has 800 ft. clear , and this is- the 
only rail haiee which “the length of the 
_— ell’s Island s: The Cincinnati Southern 
ridge, truss, has 517 ft. s clear ; the St. Louis Bridge, 
braced arch, 515 ft. ; the Cincinnati Bridge, truss, 420 ft. ; 
and jthe Louisville Brid irder, 400 ft. The 


= 
d, for the Delaware Bridge Oom- 
rize. Mr. Macdonald p 
for the spans across the Bast River a modification of the 
cantilever type of bri In this form of bridge struc- 
ture the projecting portions are held in place by anchor- 

es on the shore sides of the towers. ese extend 
270 ft. on each side outward from the towers. The floor 
o™ bridge will be 135 ft. above the mean high tide of 
the river. 


Southern of France Railway.—The e 
on capital account last pang bs the Sou 
Railway Company was 976,891/. The aggregate 
of capital expended on the two networks was thus 
to 33,280,7421. In the course of 1876, the company opened 
19% miles of new line. The reparation of occa- 
sioned by great floods in 1875 involved last year a further 
outlay of 12,4871. Inundations in the de and the 

rage ge weerye rd in consequence of torrential rains 
which fell about the middle of October, also somewhat 
interrupted the traffic in the course of 1876. The Reboal 
bridge, near Rivesaltes, on the Perpignan line, was carried 
away, and goods traffic was also suspended on the main 
line from Sctober 18 to November 4, The making good 
flood damages involved an outlay in 1875 of 35,2801.; in 
1876 the corresponding outlay was 42,880/. The ratio of 
the Seeking expen to the traffic receipts upon the old 
network, which stood in 1875 at 37.92 per cent., rose last 
year to 39.54 per cent. 


design of Mr. C. Macd 
pany received the first 


diture made 
ern of France 
ount 








LLANDUDNO PROMENADE PrEeR.—At the meeting of 
the Civil and Mechanical i ” Society, held on th 
24th instant, the President, R. M. Bancroft, in the chair, 
ores gone on the above-named pier by Mr. Charles 
H. Rew. The following abstract shows the quantity of 
sashes tne amv in this vs will be 600 tons ht 
iron in ers, bracing, &c., av of gi 
50 ft., with a depth of 4 ft. 2 in. ; 450 tons cast 
peaelee; vy Spe ny diam’ yeh 50 tons cast iron in 
parapets ; cubic ft. of green timber ; 4800 cubic ft. 
a pine in flooring, Total length of structure 
1234 ft., average width between parapets 25 ft., deck level 
14 ft. 6in. above high-water spring tides. Total 
26,0001., or say, 631. 5s. per Wy Th 
driven an average of from 5 ft. to 7 ft. into tho eevese. 
all ironwork painted with Griffiths’ patent silicate ena- 
melling paint. Messrs. Brunlees and MoKerrow are the 
engineers to the work, Mr. Herbert Neal being resident 
engineer, and Mr. John Dixon, of Lawrence tn: 
Hill, London, the contractor. In the discussion whi 
followed, Messrs. H. Valpy, H. Ellis Hall, W. C. Street, 
A. Payne, and J. Love, took part, and at the close a vote © 

thanks was given to the author for his paper, which 
forms a valuable addition to the Society’s records. 


Royal AGRicuLTuRAL Socrgty’s SHow ar Livur- 
PooL.—The entries of implements for this show, which will 
be held from July 11th to 16th, even exceed those of last 

ear, for the exhibition at Bi ham, i 
largest that had then been held by the Society. 
mingham 393 exhibitors of implements showed their pro- 
ductions in 420 stands ; and at Liverpool there will be 
exhibitors and 425 stands. The spaces occupied by 
i year areas follows: At Birmingham there 
running feet (20 ft. wide) of ordi sh A 

seed and model department, and 2492 ft. of 

inery-in-motion sheds, a total of 14,612 ft. 
At Liverpool there will be 12. i 
886 ft. of seeds and models, 
motion, making a total of 15,848 ft., increase of 
per cent. over the Birmingham exhibition of implements. 
Lhe show-yard covers nearly 
Park. The entries 
sumivce canest thersfors be segbel a0: elses be 
num ore at ; but as up- 
wards of 60001. is in 4 
be confidently anti 
hibitors that prize- Y 
i tion to the 
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Norway battens, all sorts 6 o 
Sw deals mixed ...15 © 
Swedish deals 3rd . pereaee 13 © 
Swedish ‘yam —— 
and 4th .. 
(Battens 
deals) 
Finland deals .....0..0.00-+8 
m= INS seoseneee 
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AMERICAN DEALS— 
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Tin—Continued, s 4, .. a 
English DETB.corsersrssersore 7S © 7 10 
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LO. CRarc0al icsesescce 22 © 33 © 
o 3° 0 

° 20 «(8 

° 26068 
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5 cccccncceree, 94 ©. & 88 

Wias, F ecccscscececess 80 38 4 15 
eo Telegraph (galvan'sd) 16 10 20 10 

COALS AND COKE. 

COALS (per ton)— s 4 a 4, 
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CABDITO 20, rsisrvsereeee 8 @ IE © 
Newcastleand Durham... 8 © 12 6 
Scotch 7 oo m 6 
Staffordshire .,,.......00 8 © zm 0 
Welsh . 9 ° WW @ 
YOPKSbITC.,..rcssrerseere 8 @ 10 6 

Coxs— 

OClOVEIADA veeseresssereeseee 9 O IE 6 
Durham 20 © 233 «0 
OILS, GREASE, & LUBRICATORS 

OILs (per CEM) rccccorccccccceen S 8 & & 
Seal, brown ,, 29 10 33 « 
pale ..... 33 0° 34 «10 
Sperm h . 8§ oo 8 o 
hale, pale....., gt 10 33°« 

» Yellow jo 0 32 10 

» brown ,,. 28 10 29 10 

| GOOD 22. .co.cccceccnrceccorcacess $$ © 88 © 
| PsTROLEUM— 8. d. s. 4 
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HOOOPR eee eee eee Cee TOR eRe 8 ° 8 6 
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” 7 9 8 @ 
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American ......... ote § 6 $ 9 
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- BHOEP....00008 43 6 eo 60° 
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Rough, glish ececee 2 «( 7 ( 
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oe a1 ° oo ° 

qpenrantinn ight 
American (casks) ........ 24 6 266 «66 
WIPINGS, ONZING .......00000008 20 © 3s 

CHEMICALS, &c, 

ACIDs— s. 4d. a. 4. 
Aquafortis (per Ib.) ...... 0° 4% ie 
Sulphuric acid (per Ib.) o of i 
Sulphuric acid, brown... o of o of 

AMMONIA — Muriate (per £ 45, £ 8, 
BOM) ..cccccccscccccccesee cccecee SB OO 8 gf @ 

ARSENIO— 8. d. e ¢€ 
White, lump (per owt.)... 26 o 27 (© 
Powdered (percwt.) .. 9 6 10 6 
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Borax—refined (percwt.) 41 © 43 «0 

BuIMSroNs (per ton)— £2 s & 6. 
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13 (© 14 10 
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LEAD, Sats, ee, (per cwt.)— 
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Norway deals, other 

BOTTE .rcssesessssretereceeeee 8 © © IE 10 0 

the 











Jone 8, 1877 } 


ENGINEERING. 


433 








THE COST OF DRIVING PILES.—No. III. 

G the course of the new works at Wilhelms- 
ME cing gunpowder pile driver, like the one already 
described and illustrated, but stronger (the weight of 
the monkey being 25521b., and that of the mortar 
20906 vB employed parallel with some powerful 





additional drawback of being new, and in the hands 
of inexperienced men. The charge of powder was 
determined after careful trials and rising gradually 
from .7 oz. to 1.5 oz. per cartridge. 

Experiments on Lake Zurich gave the following 
results : 


Nasmyth steam piling engines, The ground consisted Ratio of Cost. 

of 0.” on the surface, then sandy clay, then fine Nature of Ground. used : = 

sand. The results obtained are recorded in the Table Sf monk = — 

on the next page. Ordinary gravel 4.01 1.30 
Arrangement 


for three piling engines combined) 
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descent of the pile, —s it hermetically closed, 
and then adds by its weight to the action of the 
gases, until the ground offers a resistance balancing 
the weight of the monkey. Then only the recoil com 
mences. In compact ground the reaction due to the 
force of explosion takes place simultaneously with 
the movement of the pile. In this case the weight 
of the monkey having the especial effect of igni 

the charge, any reduction in weight can be 

by an increase in height of fall. Under these con- 





ditions the increased fall is facilitated by the effect 
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It must be remembered that the Nasmyth pile 
drivers, the frames of which are exposed to direct 
shocks from the falling weight, are liable to fre- 

uent repairs ; their erection takes a long time, and 
their removal is costly. Moreover it was an 
expensive matter to feed the boiler, as all the water 
had to be brought in carts. The limited experience 
with the powder 7 driver rendered the results 
very imperfect, and the machine laboured under the 


Note. The various strata were determined 
uv sulting the caissonsfor piers 





it 
vu 
7 


In this case the duty obtained from the powder 
was considerably higher, and the charges were raised 
to 2.1 oz., with which a depth of 13 ft. per blow 
was attained. In such soft ground, independently 
of the advantage of using higher charges, the weight 
of the monkey is of considerable importance. It 
has been observed that in ground of this nature, the 
monkey, after having uced the explosion by the 
compression of the air, follows the mortar in the 
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of the sudden recoil, and which is much more con- 
siderable than in soft ground, It will be seén, 
therefore, that the construction and arrangement 
of these machines require to be adapted to the class 
of material through which the piles have to be 
driven, and it is probable that apparatus used 
at Dresden was not well fitted for the special work. 
It has been shown as 2 erro that the work of 
the gunpowder pile driver working on hard ground 
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434 ENGINEERING. 
TABLE No. V.—ResvttTs OBTAINED BY GUNPOWDER AND STEAM PILE DRIvERs aT WILHEMSHAFEN. 
— Gunpowder. Steam. 
Total weight of pile driver ... 10.16 tons 24.5 ton 
Approximate cost of ditto ... ae 4081. 10401. 
Time required to place apparatus ... 3 days 14 days 
required in working . = 8 12 
Number of piles experimented on... 9 1885 
Length of piles .. wt bes 32 ft. 9 in 32 ft. 9 in. 
i r of ditto a = 11.8 in 11.8 in. 
Mean depth driven in ground ‘ 28 ft. 14 in 29 ft. 6 in 
Cube feet of piles driven in ground... 213 4615 
Total feet run i" = 255 55,607 
Time required for driving _ ... eee we om 345 min 116 days 
Average number of piles driven in twelve hours ... ove 19 16 
Cost per foot ran, not including amortisation for plant .221d. 144d. 
Cost per foot cube 9 99 .270d. -179d. 
Approximate cost per foot cube, including cost of plant 300d. 286d. 
Number of blows per minute .. sad ccs ove 6 5 to 
” ” foot cube 7 to 9 13.2 
” - foot ran 7to 9 9 
» 9 pile a | 18 to 20 250 
Total weight of powder employed ... 21.2 Ib. 
Charge of powder in each cartridge si en | 1.402. to 2.8 oz. 
uivalent of actual work per ounce of powder ... , 10,815 foot-pounds 
ages of workmen on the steam pile driver veel eve 3271. 
Cost of coal, oil, &c., for ,, veel 851. 


Mean wages of workmen per honr ... 


3.124. | 





with boulders, is much more costly than that of the 
steam pile driver; it should be added that under 
such conditions the work done is far less satisfactory. 
Fig. 18 shows besides the normal pile, a number of 
different ones after driving. On examining the 
results thas obtained it will be remarked that in 
consequence of the rapid action of the powder, the 
ground has not time to be displaced, and that any 
obstacle which would be pushed on one side by a 
succession of lighter blows, may detach the shoes 
from the piles, which at once become broken and 
disturbed, as shown in the diagram. Piles thus 
injured obviously form a foundation which cannot 
be regarded as efficient or secured. When using 
hand or steam pile drivers it is possible to ascertain 
by the nature of the shock and the effect it produces, 
the character of the obstacles encountered, and the 
action of the machine can be modified accordingly, 
especial care being taken not to damage the shoe of 
the pile. At Mauthausen, in beds of conglome- 
rate, compact clay, and gravel containing granite 
boulders, piles 13.77 in. in diameter were driven 
with a weight of 1760 lb. by means of very rapid 
blows, with a fall of only 20 in. Subsequent ex- 
traction of the piles showed that the rock been 
reached without much injury. At Steyerreg, on the 
contrary, the ground was almost homogeneous, and 
a fall of 16 ft. 6in. was given to the weight, similar 
= drivers being employed, the results in this case 
aving been satisfactory and economical. A like 
experience was obtained with the bridge works of 
Aussig and Tetschen on the Elbe, Care should be 
taken in attaching the shoes of the piles, so that the 
int of the wood should rest exactly on the shoe. 
e branches of the latter should be symmetrical, 
and the holes for the nails should not be circular, 
but extended so as to leave a vertical play of } in., 
as shown in Fig. 17. When so fixed, if the pile is 
driven at first by slight blows, it will take a true 
bearing in the shoe, without straining the branches, 
or breaking the nails. If a violent blow be at first 
struck by the piling engine, especially when the 
shoes have been put on carelessly, there is great 
dangef of straining the shoes, then detaching them, 
and finally breaking the pile thus left unpro- 
tected. These details are too often neglected, and 
it should be pointed out that possibly the unfavour- 
able results obtained with the gunpowder pile driver 
(see Fig. 18) may be partly accounted for by 
carelessness in attaching the shoes. 


signed with the object of sinking the three caissons at 
the same time, and the weight to be supported by 
the piles was as follows: 


tons. 
Working chambers, &c. 165 
Mason ’ aes sg 270 
Scaffolding, workmen, &c. 125 


Total vn ee we 560 
The depth of the water is 14 ft. 11 in. below datum, 
and the height of the piles above the bed of the river 
was 2] ft. 3in, The scaffolding was arranged as shown’ 
in Fig. 1, page 393 ante. Thecentral piles receiving 
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The general deduction to be made from the fore- 
going is, that the employment of powder is only | 
practically useful in driving piles in soft homogeneous | 
and and sand. It appears that in such soils only, | 
h charges and heavy weights can be employed 
without injury to the timber, and this combination 
of high charges and heavy weights is the sole means 
of reducing the cost of the main factor in the opera- 
tion— the powder. 

In the construction of the Dresden bridge the 
central pier of stone has a length of 95 ft. 9 in., 
and an outside width of 33 ft. 9 in., giving an area 
of 3088 square feet, deducting the rounded ends of 
the pier. This area was divided between three iron 
caissons of equal width—33 ft, 9 in.—connected by 
arches turned between them 27 in. radius. The 





pier from a depth of 10 ft. below low water formed 
one solid structure, The temporary works were de- 





the load direct numbered 40; the outer rows were 
used as steadying piles. The load on each pile, 
” = 14 tons, 
but as this load was not equally distributed, and 
the strain was irregular during the course of the 
work, it may be assumed that double the above 
amount might be thrown on each pile, making its 


assuming an equal distribution, was 





maximum load 28 tons. The scaffolding and tem- 
porary bridge were ——. on 212 piles from 
26 ft. to 38 ft. long, and from 10in. to 13 in. in dia- 
meter ; their depth in the ground ranged from 7 ft. 
to 17 ft., and they were driven till further motion 
was impossible. Some of them received more than 
700 blows from a weight of 16501b., with falls 
varying from 20in. to 15ft. During the time of 
driving, the mean level of the Elbe was 39 in. above 
datum, so that the piles were driven in a depth of 
18 ft. of water, having a surface current of nearly 
4 miles an hour. The piles were furnished with 
wrought-iron shoes with four branches connected 
around their upper ends; their weight varied from 
26 lb. to 33 1b., and their total height was 20 in. 
The nature of the ground was similar to that de- 
scribed for the pier B. Under the above conditions, 
the combined piling engines of the system above 
described, with weights of 1100 1b. and 1650 lb. re- 


spectively, gave the following results: 
Number of piles driven ... ose « 
Total length of piles 6055 ft. 
driven in ground ... 1933 ft. 


Cube feet of wood driven re ... 1408 cub. ft. 
The actual cost of this work was as follows : 
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Wages - | 47.170 | 4450 | 5.85 | 8.04 
Coal, wood, &c. 3.252 | .907 | .40 | 5 
Oil, &e. ages oe 14 | .20 
Amortisation on plant 13.500 1.270 | 1.67 | 2.30 
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The above figures include all the hand labour for 
boat and transport service in delivering the piles 
from the depét to the place for driving, a distance of 
above 350 ft., of which 170 ft. was by water. To 
the unfavourable conditions of depth of water and 
strong current, have to be added the freqaent inter- 
ruptions due to navigation, which at this place is 
considerable, and often exceeding sixty steamers per 
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hich had to through the opening of 165 ft. 
- the works ‘The delays sdeing from this 
a loss of about 40 per cent. of useful 


day, 
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cause caused 
time. 
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The Elements of Machine Design; an Introduction to the 
Principles which determine the Arrangement and Pro- 
ortions of the Parts of Machines, and a Collection of 
Pules for Machine ‘Design. By W. CAWTHORNE 
UnwIn, B.Se., Assoc: Inst., C.E., Professor of Hy- 
draulic and Mechanical Engineering at the Royal Indian 
Civil Engineering College. London: Longmans, Green, 
and Co. [Price 3s. 6d. : ; 
Proressor UNwImn’s compact little treatise will be 
welcomed by a large number of engineers, dealing, 
as it does, with matters respecting which little has 
been written in English, although in Germany 
Reuleaux, Redtenbacher, and others have long 
shown how this branch of engineering science may 
be ably treated. What the object of the work now 
under notice is, we cannot do better than let the 
author explain in his own words. In his preface he 
says: ‘‘ Long experience has enabled engineers to 
‘‘ proportion special machines in a very perfect 
‘ way, and no great improvement can be expected 
“‘ from a theoretical study of the strength of their 
‘‘ different parts. The empirical rules current in the 
‘¢ drawing office, are suflicient for the construction 
‘‘ of ordinary machines. The present treatise is not 
‘‘ merely a collection of such rules. The primary 
“object is to explain the principles which are 
‘‘ available as guides in machine construction. So 
‘“‘ far as it succeeds in this, it will place the 
‘‘ draughtsman in the best position to make use of 
‘“‘ the facts which come under his notice in the work- 
‘‘ shops and drawing office, and will enable him to 
‘‘ apply that experience in dealing with new mate- 
‘‘ rials, with new forms. of construction, and with 
‘‘ novel conditions of force and speed, In addition, 
‘‘ this text-book contains a selection of practical 
‘‘ rules and empirical proportions, for various parts 
“+ of machines.” This extract will explain the object 
which Professor Unwin had in view when writing 
the work under review; let us next see how far 
that object has been attained, 

Professor Unwin commences with a chapter on 
the materials used in machine construction, but it ap- 
pears to us thatin this chapter our author has scarcely 
dealt with his subject in the right spirit. For in- 
stance, draughtsmen and others engaged in design- 
ing machinery, by whom the work under notice will 
be chiefly used, do not’ require elementary informa- 
tion respecting the modes of producing castings 
while to those who are ignorant on the subject the 
brief notes given will be practically useless, Similarly 
the information given about wroughtiron, steel, and 
copper, is too incomplete and too general in cha- 
racter to be of any real service to a designer. Thus 
copper is dismissed in seven lines and even these 
contain the misstatement, but too often made, that 
copper “* cannot be welded.” As a matter of fact, 
however, copper can be welded, and—with practice 
—as easily as wrouglit iron. All that is necessary 
to secure success is to employ a flux which will 
absorb the oxide of copper as soon as formed. A 
suitable flux for this purpose is a mixture of 744 parts 
of phosphate of ad and 25 of boric acid, 
which is to be strewed on the heated surfaces. The 
welding is to be performed at a cherry-red heat and 
the metal should be struck with wooden hammers. 
Altogether we cannot regard Professor Unwin as 
fortunate in his first chapter, and we trust that in 
future editions it may be modified so as to corre- 
spond hetter with the rest of the work. What is 
wanted is information of a similar character to that 
given by Dr. Anderson in his treatise on ‘‘ The 
Strength of Materials,” in the same series, but of 
course in a more condensed form. 

In dismissing Chapter L, however, we have almost 
got over our fault-finding. Chapter II. treats 
of ‘‘the straining actions to which machines are 
“* subjected,” and deals concisely with the action of 
live and dead loads, and with the straining effects 
due to changes of velocity and direction of motion. 
The researches of Wéhler on the influence of alter- 
nate tensile and compressive strains are also briefly 
referred to, and his deductions summarised, Next 
we have a chapter on the ‘resistance of structures 
‘to different kinds of straining action,” and here we 
find the strength of materials ably dealt with and a 
number of useful rules given for these powers of 
resistance under different conditions, there being in- 
cluded amongst them those of Grashof for the 
strength of flat plates, 





Chapters IV. and V. deal with ‘ fastenings,” the 
former treating of rivetted. joints and the latter of 
bolts, nuts, keys, and cotters, and the whole subject 
being exceedingly well dealt with. Professor 
Unwin analyzes in detail the strains upon a rivetted 
joint, and he explains very clearly the points to be 

ept in view when determining the proportions of 
such joints; but although this is the case and 
although the tabulated proportions which he gives 
have been worked out in accordance with theory, 
we ourselves consider that it is preferable in practice 
to employ dimensions giving a greater proportion of 
sectional area of plate to area of rivet. e have on 
former occasions expressed our views on this matter, 
and we have pointed out that in the ordinary course 
of boiler manufacture almost every error of work- 
manship tends to weaken the plates and give an 
excess of rivet area, while in addition the corrosion 
which to a greater or less extent takes place during 
the life of a boiler also weakens the plates while 
scarcely affecting the rivets. It is for these reasons 
that we consider that a rivetted boiler joint should 
be laid out to have an excess of plate section when 
new. 

In dealing with rivetted joints, Professor Unwin 
not only treats of their proportions, but gives 
sketches of the different forms of joints, and shows 
the various modes of connecting plates, makin 
good corners, &c. We observe, however, that in the 
sketches on p. 73 relating to the joints at the bottom 
of locomotive fireboxes, some of the engravings 
have got transposed. We notice too that the joint 
shown by “Fig. 50,” but referred to in the text as 
‘* Fig. 49,” is—although commended by our author— 
an impracticable one, as the rivets could not be got 
into place with a channel-iron of the proportions 
shown. We mention this, as the error made in this 
sketch is one into which a young designer would be 
apt to fall. The chapter on bolts, nuts, keys, and 
cotters is very complete, and in it the author not only 
gives rules and data for proportioning the various 
details described, but also analyzes the strain induced 
in bolts by tightening up. 

Pipes and cylinders form the subject of Chapter 
VI., rules for calculating their strength being given, 
and various pipe joints being described, while next 
we have achapter on journals, pivots, axles, shafting, 
shaft couplings, &c., in which the subject of friction 
is first dealt with, rules being then given for propor- 
tioning shafts, &c., for different amounts of work. 
We may state here that Professor Unwin never gives 
an arbitrary rule without an explanation. On the 
contrary, he shows the reader the foundation for the 
various rules, and in a number of cases gives tables 
which materially facilitate the application of the 
rules and save calculation. In many instances, too, 
as in the chapter now under notice, he gives also 
graphical solutions of the problems. 

hapter VIII. is devoted to bearings for rotating 
pieces and is illustrated by agene of a variety 
of forms of pedestal, &c., for the proportioning of 
which rules are given, while next comes a chapter 
on toothed gearing, in which the whole subject is 
dealt with in a very clear and comprehensive way. 
We notice, however, that on page 190 in the list of 


values of the factor 0.9154 used in the equation for 





v 
the strength of wheel arms, the decimal points are 
by an error misplaced, the values being ten times as 
great as they should be. We mention this error so 
that those of our readers who possess the book may 
make the necessary correction. 

Belt gearing and rope gearing form the subjects 
of the next two chapters, which are both very able 
ones and contain a vast amount of condensed infor- 
mation. The data relating to the transmission of 
power by hemp and wire ropes will be ially 
valuable to a number of readers, as very little in- 
formation about these — has so far been pub- 
lished in English text-books. 

Under the title of linkwork Professor Unwin 
deals in Chapter XII. with the proportions of 
cranks, levers, connecting rods, crossheads, and 
similar details, rules being given for the proportion- 
ing of such details, and these rules being illustrated 
by sketches showing different types of construction, 
while finally Chapter XIII. treats in a similar way 
of P pow stuffing-boxes, valves of various kinds, 
and cocks, 


We have now completed our survey of Professor 
Unwin’s book, and we have pleasure in testifying to 
the painstaking and able manner in which the author 
has performed his task, The work has some faults, 
as all text-books of this kind almost necessarily must 
have, but these are not of a kind to materially 


im its value, while, on the other hand, it 
embodies much information which is not, so far as 
we know, to be found in any other text-book in the 
English lan e. Altogether the book is, as we 
have said, one which will be very welcome to a great 
number of engineers, and it forms a most useful 
addition to Messrs, Longman’s excellent series of 
‘“‘ Text-Books of Science.” 





Common Sense for Gas Users. A Catechism of Gaslight- 
ing. By Robert Wiison. C.E ndon: Crosby 
Lockwood and Co. [Price 2s. 6d.] 

We have here an excellent little book—one in fact 

which is as good in its way as the well-known treatise 

on steam boilers by the same author. In his “ Cate- 
chism,” Mr. Wilson informs his readers what gas is, 
and ss its differences of quality, and then goes 
on to describe how gas-{.ctings should be arranged, 
and how gas should be burnt to attain economical 
and satisfactory results, Our author has evidently no 
very high opinion of gas-fitters in general nor any 
great reliance in the knowledge of the average gas 
user, and he points out to both these classes the 
errors of their ways, and explains how these errors 
can be avoided. Every one who has had much ex- 
perience in the matter will fully endorse Mr, Wilson’s 
comments on the defects of common gas-fittings, and 
on the faulty arrangements for gaslighting which are 


| continually being carried out by the British 


fitter. Altogether the information which our author 
gives respecting the proportions of pipes, arrange- 
ment of lights, qualities of the different varieties 
of burners, &c,, is of a thoroughly practical kind, 
and his ‘‘ Catechism” deserves to be read by all gas 
users, most of whom will decidedly benefit both in 
ket and comfort, if they avail themselves of Mr. 
ilson’s counsels. A short appendix on gas engines 
brings the work under notice to a conclusion, 





THE PENNSYLVANIA RAILROAD. 
No. XXITIL.—Tue Attoona Car Suops. 

THE car shops of the Pennsylvania Railroad at 
Altoona are situated about a mile east of the loco- 
motive shops already described, and upon the other 
side of the main lines of rails. The plan, Fig. 31, 
shows the general arrangement. From this plan 
it will be seen that the works comprise all the 
buildings necessary for ler rgay-, beaer repairing roll- 
ing stock upon a large scale. The principal building 
is a large round house, in which freight cars are 
built and repaired. The building is in reality a 
polygon with 40 sides, and the same number of 
radiating tracks, as shown in the plan. The radius 
of the outer wall is 216 ft. 6in., and that of the 
inner is 117 ft. 8 in., so that the width of the annular 
space is 98 ft. 10 in, In the centre is a turntable 
as shown, 65 ft. 4 in, diameter. There are two en- 
trances into the shop for locomotives, which shift the 
wagons in and out of the building. One of these 
passages is used as a standing room for the engines 
at night. The total number of wagons that can be 
placed in this house is 114, that is to say, three on 
each pair of rails, the two exit and entrance tracks 
not being included, There are scarcely any fixed 
tools in this shop, as it is used entirely for erection 
and repairs, and all timber and other materials are 
brought here from the various departments read: 
for use. As many as 500 cars a month can be b 
in this shop, that is, if no repairs are going for- 
ward ; and if there is no new stock being built, 2000 
cars a month can be brought in for general and 
slight ry The average number brought in for 
repairs during 1875 was 1250, and the erecting force 
was also kept very busy: during the last three weeks 
of December, 1875, there were 259 freight cars built 
and delivered from this shop. The average number 
of men employed here is 250. 

1. The passenger car erecting shop (see Figs. 32 to 
51) is rectan , and built of brick; it measures 
210 ft. 4in. long, by 133 ft, 3 in, wide. Its position 
is shown upon the plan, and the arrangement of the 
four lines of rails, which it will be seen are brought 
together into the circular track that sweeps around 
the freight-car house, and returns to the various 
other car construction bays There is stand- 
ing room in this house for twenty cars, and part of 
one of the lines of rails is set apart for the construction 
of trucks for the passenger cars. Thirty-four cars a 
month can be built in the shop, which, like the round 
house for freight cars, is without any fixed tools 
with the a of a hand crane placed in one 
corner of the building, and used in loading the 
trucks built in the shop on to cars for transmission 
to different parts of the line. About 100 men are 








employed here. 
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ROOFS OVER UPHOLSTERERS’ AND BLACKSMITHS’ SHOPS. 


coarse canvas bags 24 in. in diameter, and 20 ft. 
long. ‘They are framed with wooden hoops, and 
the open mouth of each bag is nailed to the floor 
forming the top of the chamber so as to enclose the 
32 openings already alluded to, The top of each 
bag is closed by a conical end, terminating in a 
wooden disc ing a ring by which it is sus- 
pended to the rafter. By this arrangement the 
dust and light —— of wood forced into the 
lower chamber by the blast from the fans rise into 


the bags, but cannot escape Sao ~ canvas ; they 
e lower chamber, 


therefore gradually settle into 





and the inconvenience and loss of the sawdust are 
thus entirely avoided. Figs. 59 to 64 show the ar- 
rangement for discharging the shavings. &c., from 
the chamber into the fuel bunkers, It consists 
simply of a series of hinged flaps held up by 
chains which around three shafts running 
transversely deonah the chamber. On _ the 
outside is a gallery, from which the winches 
connected with the shafts can be worked and 
any desired quantity of the shavings discharged. 
Shavings and dust which are not carried off through 
the pipes, but fall upon the floor, are swept into 
































hoppers placed at intervals over the shop, and into 
these hoppers vertical pipes descend, communicating 
with the tubes above mentioned, and thus the whole 
of the refuse is disposed of. A powerful draught is 
maintained throughout the system of mains, by 
means of four fans manufactured by Messrs. Power, 
Tainter, and Co., of Philadelphia. 

4, The position of the blacksmiths’ shop is shown on 
the plan. It is a brick building 358 ft. long by 73 ft. 
wide, It contains 34 double forges, or 68 fires, one 
double bolt-heating furnace, and a single heating 
furnace for springs. - The forges are ranged down 
each side of the building, and in the central space 
the following tools are arranged from west to 
east. 1. A punching machine by Messrs. W. Sellers 
and Co,, Philadelphia, for punching up to 2in. holes 
in cold _ plate. This tool is used for all kinds 
of work, but is especially adapted for punching draw- 
heads. 2, A Sturteyvant fan having sufficient 
one to supply the blast for 100 fires. 3, The 
following hammers: one 10001b, hammer, four 1001b. 
and one 150 lb, dead stroke hammer, one 1500Jb. 
steam hammer, and one 5001b. hammer. 4, A bolt- 
making machine for producing bolts from } in. to 
in. in diameter, at the rate of 300 per hour, and a 
second for bolts from gin. to 1}in., with a capacity 
of 450 bolts per hour. 5. A multiple drilling machine 
arranged especially for drilling the holes in truck 
frames, A machine of this nature was described and 
illustrated by us on page 69 of vol. xxii. 6. Three 
shearing machines, one for cutting round iron from 
} in. in diameter to 2}in., one for cutting off bolts, 
and the third for plate iron, All the wrought iron 
work required fur the passenger and freight cars 
built’ at Altoona, is prod in this shop, which 
when running full, gives employment to 177 men. 
As is the case in the locomotive blacksmith’s shop, 
all the work is brought to shape upon forming 
blocks, so that parts of every description can be 
duplicated and made interchangeable. Considerable 
time is also saved by this system, so that orders sent 
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for repairs from different parts of the line, can be 
fitted at once, and sent away with the certainty that 
they will come 7 into _— Figs. 34a, 340, 
show the form of roof over the blacksmiths’ shop. 
A similar roof covers the upholsterers’ spe 3s 

5. The plan shows the position of the cabinet, tin, 
and machine shops. They are situated to the north 
of the house last described, and occupy a brick 
building 302ft. 6in. long, and 73ft. wide. The 
eastern part of the building for a distance of 168 ft. 
4in., is devoted to cabinet work. Here all the 
cabinet work for passenger, Pullman, and special 
cars is made, A few light tools are in this building, 
comprising moulding, mortising, tenoning, and scrap- 
ing machines, a variety of ight band and scroll 
saws, lathes for circular mouldings, and general 
work, and machines for making the louvre window 
— for the cars. About 80 men are employed 

ere. 

6. The tin shop is 33 ft. 10 in, long and is devoted 
to the production of such things of its class as are 
required for the car service, filters, lamps, &c. The 
ave force in this shop is 27 men. 

7. The machine shop occupies the rest of the space 
in this building. It is 100 ft. long by 73 ft., and con- 
tains all the necessary plant for the rolling stock 
machine work. The tools comprise, seven axle 
lathes, having a total capacity of 50 axles per day 
of ten hours, and three wheel-boring machines in 
which 105 wheels a day can be finished. There is 
a hydraulic press for forcing the wheels upon the 
axles, and another for drawing them off after they 
are returned to the shop. Freight car wheels are 
forced on with a pressure of 25 tons, and passenger 
car wheels with from 30 tons to 40 tons. ‘There are 
some half-dozen lathes of various sizes, one com- 
— planing machine made by Sellers, twelve 

rilling machines, and an axle centering machine. 
Finally there are four-double bolt-cutting machines 
ranging in size from mg to ] in. in diameter, each 
of these cuts 1400 bolts per day; six single bolt 
cutting machines for jin. to 2in, diameter bolts; 
the capacity of these is 700 bolts per day each ; four 
nut tapping machines from jin. to2in., turning 
out each 2501b. of nuts per day, and one vertical 
machine for the same purpose, which finishes 
1400 lb, of nuts per day. This latter is rather a 
curiosity in its way. Seven spindles with square 
sockets at the ends are anol around a common 
centre, and driven at different speeds by gearing, 
each speed being adapted to a different size of nut, 
and the various sockets being arranged to receive 
the square ends of corresponding taps, At equal 
distances around the spindles, vertical bars are placed 
fixed to the circular frames which below and above 
carry the machine ; these bars serve as abutments to 
a cross piece, in the centre of which is a hexagonal 
recess to receive the bolt to be tapped, ard which is 
prevented from turning by the ends of the cross 
piece bearing on opposite sides of the pair of bars 
corresponding to the die and spindle in use. Thus 
fixed, the nut is very quickly tapped, and replaced 
by another blank. Two men attend to this 
multiple machine, which, as stated above, turns 
out the large quantity of 1700 lb. of nuts per 
day. About 62 men are employed in this shop. 

8. The painting and upholstery shops are contained 
in the same brick building, 363 ft. by 73 ft. There 
are four lines of rail running down the whole length 
of the building, and accommodating 28 passenger 
cars. Employment is given here to 140 painters, 
including 15 men occupied with new freight cars, 
6 in the passenger car shop for grounding work, and 
15 who are kept always engaged upon the car body 
linings. Tht capacity of this shop may be taken at 
14 cars per month, besides the ordinary work upon 
cars brought in for repair, In September, 1875, 
however, three limited mail cars were painted com- 
pletely in three days, and three mail tender cars 
in four days; these cars came back for repainting 
after seven months’ running. In addition to the 
ear work, all station boards, mile and gradient posts, 
and so forth, for all different parts of the es are 
painted here. 

9. Mention was made above of the number of men 
employed in painting the car linings, Most readers 
are now familiar with the abundant decoration in 
the interior panelling and the ceilings of American 
passenger cars, and on first-class rolling stock like 
that of the Pennsylvania Railroad Company, con- 
siderable skill is employed in this decoration. ‘This 
work of course comes within the paint department, 
but it is carried on in a separate building shown, on 
the plan of the maintenance of way shops, and is 
marked there as ‘‘ Paint Shop.” This room, which 


forms the second story of the building, has a 
capacity for four frames, each of them 60 ft. in 
length. ‘The canvas upon which the designs are 
painted, are stretched upon these frames. The 
quantity of canvas used for each car is 35 yards, 
and the lining when completed costs 85 dols. for a 
first-class car, and 35 dols. for a second-class car. 
The temperature of this room is maintained at 
90 deg. 

10. "The eastern end of the main paint shop already 
described is built with an upper story, a part of 
which is devoted to varnishing seat backs, arms, 
and other car fittings, The remainder of the same 
story for a length of 100ft. is devoted to the up- 
holstery department, which is managed by 25 men, 
the chief part of the work being the making of new, 
and repairing old cushions. 

11. The paint store and mixing house is shown on 
the general plan. It is a small brick building 24 ft. 
east of the cabinet shop, and contains painting 
stores of all kinds for cars, stations, signal boxes, 
&e. The storekeeper has the entire charge of 
mixing colours to the order of the foreman of the 
paint shop. At the end of each day’s work, the 
unused paint is returned to store, and the man in 
charge weighs the amount thus delivered, and 
charges the consumption to each car or other work, 
upon which the paint has been expended, so that 
the amount used for any special work is always 
known, One great advantage of employing one 
man to mix all the paints is that the colours are kept 
uniform. 








THE LATE MR. JOHN YULE, 

Tue death has just been announced of Mr. John Yule, 
Glasgow, at the age of sixty-six years, a gentleman 
who had long been recognised as one of the leaders in 
engineering practice in that great seat of the mechanical 
arts. He was early apprenticed to the business of marine 
engineering to Daniel Napier, a man of a very kindred 
spirit. With that eminent engineer he became an apt 
pupil and a great favourite, and the professional training 
which he received from him in the earlier years of steam 
navigation was ever afterwards looked upon by the 
deceased with feelings of the keenest pleasure and satis- 
faction. Like many other engineers of his time, Mr. 
Yule “ went the round” of the best shops in order that 
he might become acquainted with every branch of en- 
gineering work, and study practically the best modes of 
carrying it out. In this way he not only took the full 
swing of David Napier’s works, but he also took service, 
we believe, under Robert Napier, Stark, and Fulton, and 
John M. Rowan, all of Glasgow, and like Charles Ran- 
dolph, the late William Tait, Benjamin Conner, and 
other contemporaries, he sojourned for a while in 
England, spending some time in the employment of 
two well- known engineering firms in those days, 
namely, Messrs. George Forrester and Co., Vauxhall 
Foundry, Liverpool, and Messrs. Rothwell and Co., 
Bolton. After becoming acquainted with the leading 
ideas and principles of marine engineering practice he 
gave attention to the construction and working of the 
locomotive engine, of which he obtained such a thorough 
knowledge both in Scotland and England, that he was 
induced by Mr. Thomas Edington, of the Phonix 
Foundry, Glasgow, to leave Messrs. Rothwell and Co.’s 
employment and become the manager 9f the locomotive 
department of that already famous engineering establish- 
ment. While acting as manager to Messrs. Edington and 
Sons, Mr. Yule devoted a large amount of attention to 
the science and art of his profession as a mechanical en- 
gineer, and he eventually became one of the recognised 
leaders in engineering progress. His inventiveness took 
various directions, and several practical results of it met 
with much approbation from his contemporaries ; indeed, 
Mr. J. Scott Russell was so much impressed with two of 
them that he prevailed upon Mr. Yule to send papers de- 
scriptive of them to the Royal Scottish Society of Arts, 
he being.the medium of communication. One of the in- 
ventions was a compensation governor for the steam 
engine, and the other was an expanding screw-tap, drill, 
and mandrel, which was deemed so valuable by the en- 
gineering members of the society that he was awarded 
one of the society’s silver medals for it. He was also 
successful in the invention of a good practical rotary 
engine, one form of which was for a long time used at 
Paisley Gas Works. 

About thirty years ago, Mr. Yule embarked into business 
on his own account as a general engineer, and for several 
years he was connected in business with Mr. John Wilkie, 
the firm being known as Yule and Wilkie. For a while they 
did a large amount of work in the construction of iron 
houses for shipment to Australia during the early portion 
of the gold fever period with which the Australian 
colonies were smitten fully a quarter of a century ago. 
Some eighteen or twenty years ago, Mr. Yule again re- 
sumed business on his own account in premises that had 
a sort of classical distinction, one of his predecessors in 
their occupancy being Claud Girdwood, an engineer 





whose reputation stood very high, and another being Mr. 


John Bourne. Within the last dozen or fifteen years he 
erected two very important swing bridges, one on the 
plate-girder system, and the other being a lattice-girder 
bridge. The former was erected at the Port-Glasgow 
Docks, in connexion with the Caledonian Railway system ; 
and the other was erected over the entrance to Kingston 
Dock, Glasgow. 

In the construction of steam cranes Mr. Yule was long 
in advance of most of his contemporary engineers. The 
first steam-worked harbour crane erected at any port in 
the West of Scotland was made by Mr. Yule about thirty 
yearsago. It was a 10-ton coaling crane, and was put 
up at Troon Harbour for the Duke of Portland. Healso 
made the steam-hammer trade quite a specialty of his 
business, and during his professional career he manu- 
factured fully 200 hammers, mostly on the type brought 
out by Messrs. Morrison and Co., of Newcastle-on-Tyne. 
Nearly a quarter of acentury ago, he constructed the first 
steam hammer that was made under Rigby’s patent. A 
good example of Mr. Yule’s mechanical handiwork is 
also seen in the Blackhill Incline on the Monkland Canal, 
which was constructed nearly a quarter of a century 
ago. 

Mr. Yule married somewhat late in life, and hasleft a 
widow and a family of two sons and four daughters to 
mourn his decease. 





THE EXPLOSION ON THE “ SIDONIAN,” 
To THE EDITOR OF ENGINEERING. 

Srr,—In your leading article on the above subject I 
notice the following: ‘‘ The two latter’’ (the boiler safety 
valves) ‘‘ were of the forms approved by the Institution 
of Engineers and Shipbuilders in Scotland, and awarded a 
gold medal by that body about three years ago, that is, 
they were lever valves, spring-loaded, and furnished with 
weights a clear of the lever, but so arranged that 
they could lowered upon the lever in the event of the 
spring becoming disabled, but never intended, it need 
scarcely be remarked, to be employed as a supplementary 
load upon the valve in addition to the spring.”’ 

It is to be regretted that a statement so utterly at 
variance with the facts of the case, and so entirely mis- 
leading, should have appeared in the columns of your 
a The gold medal to which you refer is evidently 
that awarded by the Institution of, Engineers and Ship- 
builders, in 1875, to Mr. H. R. Robson, for a paper read 


the previous session, entitled ‘‘On the Advantages of Springs 
for we py Bey ory Safety Valves of Marine Boilers 
instead of d Weight.’’ In that paper the arrangement 


of valves in the Sidonian was described and illustrated, but 
was not approved by the Institution as you assert. On the 
other hand the author, speaking of this same arrangement, 
says: ‘‘The alleged reason for having the dead weight 
fitted is the fear of a spring breaking. such a case it is 
intended to unlock the weight, and place it upon the lever. 
I think it, however, quite an unnecessary fitting, as, in 
the first place, I never knew a Salter’s spring to break, and 
in the second place, should one of hate, om, the iron box 
enclosing the —— could at once be opened and the lever 
weighted. I rather think there is a good deal of the ‘ fifth 
wheel to a coach’ about the thing.” (Trans. Inst. 
Engineers in Scotland, vol. xvii., page 51.) The italics 
are my own. It is well known that the suspended weight 
was a device conceded by the maker of the valves to disarm 
as far as —- the objections of the Board of Trade to 
the introduction of springs, and my strong impression is 
that it was forced upon the maker in spite of his disapproval 
and opposition. 

I am quite of your opinion that the Sidonian ‘‘ was pro- 
vided with safety valves, which, though designed with the 
best intentions, offered an easy means of destruction,’’ but 
the authors of those good intentions are the officials of the 
Board of Trade, and not, as you would have it appear, the 
maker of the safety valves, or the members of the Institu- 
tion of Engineers and Shipbuilders. On the Board of 
Trade the whole res maibihity rests for insisting on a re- 
quirement so admirably adapted for allowing a careless or 
foolhardy person at any time to double the load on the 
safety valves, a requirement which—assuming your version 
of the occurrence to be correct—has been the occasion of a 
terrible disaster. 

To bring the matter home to the Board of Trade more 
fully, I happen to know of a case in which—evidently 
with those very valves in their mind—they reques a 
firm on the Clyde ‘‘ to submit a plan for loading them” 
(the spring-loaded safety-valves, which they were fitting to 
a certain vessel) ‘‘ with lever and weights in case of the 
springs breaking.’’ This the firm flatly refused to do. 

I am, Sir, your obedient servant, 
GeorGe W. MAcaLPINeE. 
Glasgow, June 6, 1877. 








FISH-BITES IN SUBMARINE CABLES. 

To THE EpITOoR OF ENGINEERING. 
Srr,—Having read with some interest the article on this 
subject, published in your issue of April 6th, and being in 
a position to give some information on a matter of such 
vital importance to owners of telegraph cables, I now beg 
to state that in November, 1870, while in repairing 
the Punta Rassa Key west section of cable, to 
the International Ocean Telegraph Company, New York, 
I was at a loss to account for the many faults which were 
found to exist in the cable, within a di ce of 25 knots 
from Punta Rassa. 

In every instance where the faults occurred the cable 
had the appearance of having been bitten by some kind of 
fish 





“The iron sheathing had been forced aside, and the 
serving around the core appeared to have been bitten 
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h, and an indentation about the size ofa 
pe rved in the core i at the sine ots ait tee 
indentation visibly extend to pd. = | conductor of the 
cable. I examined these holes ully with a lens, but 
failed to see anything resembling a bony substance or tooth 
adhering to the percha. On the opposite side of the cable 
the iron wires were found crushed and flattened for a 
length of about 3in. or4in. At the time we designated 
these faults ‘ hes,’’ on a +t of their crushed appear- 


"Tl enanet remember exactly after this lapse of time how 
many “mashes” I cut out, but I think there were at least 
eight, all, more or less, having the appearance above de- 
scribed, and these were taken out at distances miles 
from each other, and within 25 miles of Punta Rassa, 
where the water varies in depth from two to seven fathoms. 

The only conclusion I could come to, and this opinion 
was shared by Lieutenant Commander Newman, U.S.N., 
and Colonel Heiss, General Superintendent, International 
Ocean Telegraph Company, who was with me on this ex- 
pedition, was that the ‘‘ mashes” had been caused by 
loggerhead turtles, whose jaws somewhat resemble a 
hawk’s beak, and the bites of which would leave an im- 
pression similar to that mentioned. aA 

These turtle are very plentiful in this locality, and I am 
inclined to think that, in their endeavours to capture the 
shell fish which I found growing on the cable, they damaged 
it in the manner described. 

I may add that the breaks which have occurred in the 
West India cables have been due to abrasion on coral reefs ; 
we have no evidence whatever to show that they were 
caused by fish bites. 

I aw, Sir, your obedient servant, 
R. T. Brown, General Superintendent. 

St. Thomas, W.I., May8, 1877. 











THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EprIToR OF ENGINEERING. 

S1r,—It is with feelings of surprise, not unmingled with 
disappointment, that I read your notice last week concern- 
ing the way in which the Council of the Institution of Civil 
Engineers have acted in the matter of electing new 
members. I attended the meeting, convened for the pur- 

se of discussing the very unsatisfactory position occupied 
c the Council, as acting in direct opposition to the wishes 
of the majority of the Associates. After grievances, as 
affecting the whole body, and as touching icular in- 
dividuals, had. been fully enlarged upon, Mr. Fowler closed 
the proceedings by getting up and in bland tones proposing 
a motion by which the Council relinquished their pet pro- 
ject of creating a new class, who should be allowed, on 
paying an increased subscription, to add a dubious 
termination after their names. So far so good, but Mr. 
Fowler made even further concessions and went on in more 
dulcet tones than ever to promise that the claims of all 
Associates qualified to become members should receive due 
attention. At this point I could see that the most hard- 
hearted of the Communists were visibly affected, and in the 
ecstasy of the moment imagined themselves full-fled, 
members, hobnobbing with the heads of the profession. 
There was glory for them ! 

How the scales must have fallen from their eyes, when 
in your journal they read that at the last ballot “‘A few 
out of a large number of applicants were passed, some very 

roperly rejected, but of others fully eligible under the 
Clans nothing was heard.’’ It must have occurred to 
them that the Council of the Institute was not the brilliant 
exception which proves the rule that ‘‘ no body of men in 
power have ever been known to relinquish their authority 
except under compulsion.”’ 

The remedy, therefore, is in the hands of the Associates, 
namely, the next time the Council comes on for election to 
remove the obstructive members and substitute in their 
place others, more capable of adapting themselves to ex- 
isting circumstances. 

I may observe in conclusion that although qualified I 
was not seduced by the blandishments of Mr. Fowler into 
sending in my papers at the last ballot, and thus am able 
still to sign myself 

Yours traly, 


A.L.C.E. 








WELDED BOILERS. 
To THE EDITOR oF ENGINEERING. 
Sir,—In ENGINEERING ofthe Ist inst., there is an 
extract from Mr. Fletcher’s quarter] rt in which 
the makes certain strictures on welded boilers. Whilst 
noting his statement of facts, I beg to say that there are a 
few more facts requiring to be known before his sweeping 
inferences and deductions anent welded boilers are to be 
accepted ; for example, one firm on the Clyde (the London 
and Glasgow Engineering and Shipbuilding Company, 
Limited) have for the last seven years done nothing else 
than welded the longitudinal seams or joints of all marine 
boilers made by them during that time, many of them 
working at 85 lb. per square inch. I believe the same firm 
could give the names of forty ocean steamers built by 
them, all having welded longitudinal seams or joints and 
the back tube plates welded to furnaces. in, three- 
fourths of these steamers have Board of Trade certificates, 
the above Board have all ng been thoroughly conversant 
with what has and is being done in the way of welding 
marine boilers, and they with such boilers under their 
inspection for the last six years could not endorse Mr. 
Fletcher's deductions. I may say there are marine super- 
intendents like myself who, whilst knowing how well 
marine ,boilers with welded seams stand, at the same time 
know from actual experience the relative up-keep of welded 
versus rivetted boilers. 
The first boilers the C. 8, Company got from the firm 


named have been ing nearly threeyears, and duri 

timp the weldad asama Ave ab thee is nee 
or leak, and have not cost a single penny for repairs, 
although doing hard, work in the coasting trade with a 
working pressure 0! . mare inch. May I ask 
if the seams had not been w fied Goull this have et the 


case ? 
Yours truly, 
Davin C. HamItton, 
Marine Superintendent. 
2, Oswald-street, Glas gow, June 6, 1877. 








HOMOGENEOUS IRON. 

_ A FEw weeks since (vide pp. 196 and 219 ante) we pub- 
lished a paper “‘On Homogeneous Iron and the Degree of 
a be expected in Iron produced by various 
Systems of ddling and subsequent Medes by Mr, 

enry Kirk, of Workington. This paper was taken as 
at the Institution of Mechanical Engineers at Birmingham 
in January last, and it was discussed at the London meet- 
ing last week. We give an abstract of this discussion on 
another page of the present number, while below we subjoin 
in extenso the remarks made by Mr. Kirk on the occasion, 
i forming a kind of supplement to his paper. He 
said: 


** Since the paper now bronght up for discussion 
was communicated to the Society, various matters treated 
therein had received attention at the hands of several 

entlemen far more —_ of dealing with them than 
f, notably Mr. Isaac Lowthian Bell, whose well- 

earned reputation as a scientific and jpractical ironmaster 
was world-wide, and Mr. Stead, an analytical chemist, of 
Middlesbrough. He wished to draw attention to three of 
the positions taken up in the paper, which were of general 
interest whatever might be the form of furnace employed 
in the man of the iron, and would endeavour to 
show what had occurred in the meantime to confirm these 
sitions or otherwise. The first position was that 
om: ous iron, or mild steel, as it was generally called, 
was the very best form of iron, and the nearer it could be 
approached in puddled iron the more valuable would be 
the product. But there was a difficulty in the way of 
its manufacture and use in the shape of the requirements 
of some engineers and inspectors who ref to believe 
that wrought iron could be unless it was fibrous when 
tested by cutting through the skin and breaking over the 
anvil by the blows of a hammer. Two instances of this 
had come under his notice within the last few months. In 
the first a number of nicked and broken rivets showing 
steely fractures were returned to the firm to which he be- 
longed. The senders were requested to test the iron for 
tensile strain. The tests gave 25 tons to the square inch, 
and the elongation was over 25 per cent. on an original 
length of 1 ft., thus showing an extraordinarily good quali 
of iron ; notwithstanding all this the inspector rejected the 
iron. In the second instance, which was a precisely similar 
one in which the parties were requested to test a rivetted 
joint, they absolutely refused to give any information about 


ged | the tests though they ordered a further supply of the same 


quality of iron immediately, and had continued to order 
ever since. The second position he hai maintained was 
that puddling being an operation in which the iron was 
formed in a pasty condition, and every portion of thec 
was not exposed to the same amount of purifying action in 
any furnace es invented, it was perhaps impossible to in- 
sure perfect homogeneity, but this evil appears to be much 
lessened by a counteracting influence at work in the fur- 
nace itself. Carbon, silicon, and phosphorus all gave hard- 
ness to iron; carbon along with hardness gave strength, 
while silicon and phosphorus were said to impart brittle- 
ness. In the experiments brought forward in the paper it 
would be seen that as carbon ran higher silicon and phos- 
horus ran lower, and that as carbon was removed in the 
ter s' of puddling, silicon and phosphorus increased. 
Mr. Bell’s paper on ‘“‘ The Separation of Carbon, Silicon, 
Sulphur, and Phosphorus in the Refining and Puddling 
Furnace, and in the Bessemer Conyerter,’’ read before the 
last meeting of the Iron and Steel Institute, showed that 
there is considerably more carbon in Bowling and Ca- 
rinthian pig, which are low in silicon and phosphorus, than 
in Cleveland pig, which was high in these elements, and 
that under treatment in the refinery carbon was eliminated 
nearly twice as much from Clarence pig, which was a 
Cleveland brand, as from Bowling. en in puddling 
Clarence pig Mr. Bell showed that when a large 
quantity of horus was left in the iron, carbon was 
nil, but with one-half the quantity of —— carbon 
ran up to .071 and .184 percent. Mr. Bell’s paper further 
alluded to the irregularity found in the same heat puddled 
by the same man, as shown in the paper now before them, 
and gave an illustration of the uniformity with which the 
Danks furnace was capable of doing its work, showing in 
the centre of a rail made from one solid bloom .179 per 
cept phosphorus, and in the two ends .178 and .176 respec- 
tively. It would thus appear that con to the 
opinion expressed in his (Me, Kirk’s) paper, the Danks 
furnace gave far more uniform results in the same heat 
than the ordinary one, and he had no doubt whatever that 
when steely iron was produced this was actually the case. 
The rotary furnacé seemed to be peculiarly well adapted to 
the manufacture of such iton, beeause as the iron came 


into nature, as it was technically called, it ered into 
one or more lumps, the portions first ready in the 
middle, and other ions being added as soon as suffi- 


being 
ciently advanced. Hence the uniformity ; but carry it be- 
yond that stage, and the advantage was lost; the outer 
portions were exposed to the action of the flame and of the 
cinder lying in the furnace from which they protected the 
inner portions. An experiment had been made to test the 
uniformity of Danks iron when it was carried forward to the 








fibrous stage. A 4-in. round bar about 16 ft. long, did not 
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efect 


ity | or se 


comprise i apd @ Danks heat, the two 
ite ends of such a analysed by Mr , of 
og with oo care oo. dee and om me. 
osphorus, respectively, i a m grea’ 
pe ity in the Danks pud than in that shown in the 
last five sam: menti in Table F of his (Mr. Kirk’s) 


, Say, one-thirtieth 
uddled heat, it should 
with a view to obtain 

; foo oak 


itute o 
most coger | production. It confirm position 
that, the less phosphorus there was both in pig and in 
ed iron the more carbon remained, and showed that 
carbon, silicon, and sulphur, all solidified in cooling before 
phosphorus. Phosphorus, therefore, more than any other 
intaining the fluidity of iron, so 


, Was & 


phosphorus present; the i iron remained liquid the 
more time there was for the carbon to boil out. The 


there was a direct action between iron and phosphorus 
without the intervention of carbon; but it must be re- 
membered that this action took place in the Bessemer 
convertor and in the Siemens gas furnace, at a higher 
temperature than was employed in ordinary puddling ; it 
was probable, however, that occasio’ a puddling fur- 
nace rose to the heat at which iron an aes com- 
bined directly ; at all events, it was a well-known fact that 
Rem ae a puddle heat extraordinarily hot at the end of 
operation the iron was tly injured, though he was 

not aware that the cause of it had ever been demonstrated. 
Mr. Hopkins at the March meeting of the Iron and Steel 
Institute, speaking of the Danks process which his firm 
had worked at so ingly, and he might add, judging 
from personal observation of some fifteen samples of the 
iron made at different times, so successfully during the last 
few months, stated that if the Danks iron, when taken 
from the squeezer, was put into the furnace and the cinder 
melted out of it, the result was a large- ed cold short 
iron, but, if on the contrary, it went direct from the squeezer 
to the hammer, and the cinder was hammered out of it 
instead of being roasted out of it, the result was close- 
ined iron. to po opinion 

of the effect of om peng 7 — increase of this — 
in coarse-grain' ; certainly a 
great loss of carbon in such a case, if there were much pre- 
sent, and a few analyses would prove whether there would 
be a greater gain of phosphorus than could be accounted 
for by “the ent with this element of the varbon 
eliminated. third position was that fibre invbar iron 
was frequent alienate the diffusion throughout the 
poy re Fay pine Poet peat 
one an us ‘ 

but pater dal not give while it often caused ot, 
shortness and other evils. It was easy to understand that 
such cinder might be of advantage ina very impure iron, 
the separation into different as it were gave greater 
resistance to a sudden shock, but ina high class iron which 
would bend double cold when not nicked first, and would 
double up under an accident like the screwed ends lying 
on the table, the retention of cinder was a great mistake. 
some experience in the matter which it might 


He had had 

be interesting to the members to hear. Some time ago 
there was a demand from the largest and best 
customers of his firm for a more fibrous and softer iron. 


They were told that this meant a weaker iron, but the 
reply was that the iron was always so much above the re- 
quired tests that there was no fear whatever on this score, 
so a more fibrous and softer iron was aimed at, and after a 
little practice, coupled with a reduction of the hematite 
ig in the mixture of iron, to about one-fifth of its 
‘ormer amount, and sometimes using no hematite at all in 
the ig, the result was obtai uniformly and 


news 
breakages in actual work of articles m u 
such as had never been heard of with the previous make. 
Samples of this iron were then tested for tensile strain ; it 
was found that the 

pee eee ae fe 
oint fracture an ie tears, of tepariee See 
proportions. 

much as before—a trifle softer and 


liked so well, because it 
Another evil, which in the only 
met with appeared to be sometimes due to the presence of 
cinder in excess, was warm-shortness or brittleness below a 
red heat, at the temperature at which wood to 


carbonise. The samples he had with him, which were 
worthy of a close inspection, were puddled in a ro ma- 
chine. Hegave them toa chemist to examine, and 

he did not ascertain the exact quantity of cinder, : 


assured him that there was a large quantity present. 
any of the members would like to examine them further he 
would be glad to give them samples for the purpose. He 
might here mention that in his practice he had proses 


the best quality of iron to be much the 0 
8 ly. were required where three were ed 
before when soft fibrous iron was being w ; the 

























































+40 





ENGINEERING. 


[June 8, 1877. 








THE PENNSYLVANIA RAILROAD; DETAILS OF SHAVING - TOWER. 


(For Description, see Page 437.) 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

William Cook and Company (Limited), Shefield.—The 

annual oy of the directors of this company shows that 

there has been a profit on the trade account of 1233/., but 

the profit and loss account shows an adverse balance of 

The company has been in existence four years, and 

has never yet sufficient to pay the guaranteed divi- 
dend out of current profits. 


Proposed Sewerage Works at Clay Cross.—The Local 
Government Board has sanctioned the borrowing by the 
Clay Lane Local Board of 3500/., for the purpose of carry- 
ing out a new scheme of sewe works for that populous 
mining district. The same Board has various other 
projects in hand, or about to be begun. 


Further Traction Engine Prosecutions.— At the 


Barnsley police court last week, two men in the employ- 
ment of Mtr. G. Senior, brewer, were fined 40s. and costs 
for havi i ine in the borough of 


used a traction engin 
Barnsley during prohibited hours. There appears to be a 
prejudice against these engines at Barnsley. 

The New Carlton Colliery, South Yorkshire.—Work in 
connexion with the New Carlton Main Colliery, to which 
I have alluded on previous occasions, has now reached a 
stage sufficiently advanced to enable the head gear and 
other fittings on the pit bank to be erected. The conductors 
in the shaft have been put in. The engines are horizontal, 

are two in number, and are each of 100 horse power, 
with 36 in. cyli , and 6 ft. stroke. The winding drum 
is 16 ft. in eter, as also are the pulley wheels. The 
cages for drawing coal are “‘ double decked.’’ Ventilation 

ill be by means of a fan, which, as well as all the 

machinery, has been made by Davy Brothers and Co., 
(Limited), Sheffield. 
Miners’ Meetings and their Working Hours.—At a large 
mass i of South Yorkshire miners held on Monday, 
Mr. Cha; , district agent ‘of the Miners’ Association, 
stated that the coalowners instead of reducing wages were 
about to increase working hours to eleven daily instead of 
eight as at present. 

Proposed Water Supply of Mosborough.—At a meetin 
of the ratepayers of Sechvongh last week to discuss the 
question of pro water supply, Mr. Barber, represent- 
ing the sanitary authority, stated that it was contemplated 
to obtain a supply from the Staveley Water Works, and 
divide it between New Whittington and Staveley, so as to 
come direct to Mosborough. If this scheme could be 
carried out, Killamarsh could also be supplied, the cost of 
the main as far as Holbrook to be joint'y borne. In order 
to go on with the matter the meeting decided that the 


usual application should be made to the Public Works | Th 


Commissioners. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
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restored. People in all positions in life in the North of 
England are now feeling the serious effects of the pro- 
longed depression. 

The Cleveland Ironmasters’ Association Returns. —These 
returns, showing the position of the pig-iron trade, have 
just been issued. It appears that out of 159 blast furnaces 
only 112 are in operation, no fewer than 47 being idle. 
When it is recollected that each of these blast furnaces 
costs about 25,000/., the real state of affairs can well be 
imagined. There are three new blast furnaces in course 
of erection. 


The Ironmasters and the Merchants.—A sudden and im- 
portant alteration has been proposed in the mode of 
ae. business between ironmasters and iron mer- 
chants in the Middlesbrough district. Hitherto merchants 
have bought iron from time to time from ironmasters, and 
have settled their accounts on the 10th of each montir. 
masters now propose to sell iron to merchants only on 
condition that they square their accounts each Monday. 
The proposed alteration from a month’s to a week’s credit 
has taken the merchants by surprise. It remains to be 
seen how they will deal with the proposal. 

The Finished Iron Trade.—Beyond the very cheering 
fact that Messrs ae gays Gilkes, and Co., of Middles- 
brough, have received an order for about 15,000 tons of 
rails for South Australia, there is nothing worth mention- 
ing. 

Engineering and Shipbuilding.—These branches of in- 
dustry continue to be fairly well occupied on the banks of 
the northern rivers. 

Reduction of Cleveland Miners’ Wages.—This (Wed- 
afternoon a telegram has reached Middlesbrough 











\\ 


that the arbitrators and Sir James 
C., the umpire, upon an 
award. It will be recollected that the Cleveland mineowners 
claimed a reduction of three halfpence per ton on mining 
ton: , and 10 per cent. on datal wages. The award is 
that there is a reduction of one penny per ton on mining 
tonnage, and 7 per cent. on datal wages. 
The Coke Burners.—The coke burners of Durham are 
now endeavouring to select an umpire to settle their wages 
uestion by arbitration in the course of a fortnight or 
three weeks. 


Cleveland Institution of Engineers.—The sixth and last 
indoor meeting of the session was held in the hall of the 
Literary and Philosophical Society, Corporation-road, 
Middlesbrough, on the evening of Monday, June 4th, 
Mr. Thos. Whitwell, President, in the chair. On the 
motion of the chairman, the members unanimously 
to petition Parliament in favour of raisng pay and the 
status of the engineer officers of Her Majesty’s Navy. Mr. 
Jeremiah Head then exhibited a model of his new squeezer, 
in which he squeezed small portions of soft clay as model 
blooms. The small machine did its work very satisfactorily, 
and excited such a discussion that the paper of the evening 
by Mr. Charles Smith, ‘‘ On a Facile M of Com: and- 
ing Engines,” had to be put off being read until next 
meeting. 


Tue Frencn Coat Trapr.—The commences 
rather di ing ci yas teen acho 
trade. It is not at all clear at is year’s crop 
of Senet wal be a eae tn Poanes, and hence the 
demand for coal on part of French beetroot sugar 


manufacturers is scarcely so good as 


from London, stati 
Fitzjames Stephen, 
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DETAILS 


OF HORIZONTAL WINDING ENGINE. 


CONSTRUCTED BY MESSRS. BREITFELD, DANEK, AND COMPANY, ENGINEERS, PRAGUE. 
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We give this week a two-page engraving, together 
with other views on the present page, of a 300 horse 
power direct winding engine, constructed by the Machine 
Company, formerly Breitfeld, Danek, and Co., Prague, 
Bohemia. This engine was constructed four years ago 
for the silver mines of Pribram (Bohemia), where it is 
now working successfully at the St. Adalbert’s shaft, 
drawing the silver ores from a depth of more than 1000 
yards, the pit having attained last year the formidable 
depth of 1000 metres. 

The leading dimensions of the engine are as follows: 

a aga of pistons 530 millim.—20.9 in. 
ey 


trok : * «» 2000 ,, =782 in. 
Initial pressure of steam in 

cylinders (effective) 90 Ib. per square in. 
Variation of cut-off 0 tot 


Diameter of rope drums... 6 metres=19.7 ft. 
Width of faceof drums... 800 millim.=31} in. 

The net duty of the engine is 300 horse power when 
working at a speed of 21} revolutions per minute with 
the maximum admission of steam. The general arrange- 
ment of the engine is shown in the drawings and re- 
quires no further explanation; of the details we shall 
speak presently. 

The load to be raised is composed as follows : 


cwt. 
Balanced load : ove (single decked) 
” tabs dea 
Unbalanced : ores ... 19 
Variably balanced: rope ... 31 (when uncoiled) 
Total . 65} 


To carry this load a tapered steel rope is used, manu- 
factured at Pribram, It is composed of 36 wires through- 
out, these wires decreasing in diameter from 0.108 in. to 
0.075 in. and the weight of the rope decreasing from 4 Ib. 
to 2.1 lb. per yard, the average weight being nearly 
3.2 lb. per yard. The drawing velocity had to be about 
22 ft. per second, corresponding to a piston speed of 
280 ft. per minute, or 4% ft. per second; actually, how- 
ever, this speed is greatly surpassed, reaching about 
double that just stated. 

The construction of the rope drums is shown in the 
engravings, and a few words will suffice to explain all 
matters of detail. The bosses are cast in two halves, 
which are held together by bolts and iron hoops, as shown. 
As usual, one of the drums is fixed on the shaft, whereas 
the other is loose and is connected with a fixed central 
boss by twelve bolts, so that the length of the rope can 
be adjusted to one-twelfth of the circumference of the 
drum or to about 14 yards. To each boss twelve arms of 
a section are fixed, the dimensions of which are given 
in Fig. 10 annexed. 

The construction of the rim is shown in Fig. 11. It 
consists chiefly of a ring of iron plates about in. thick 
and 15 in. high, to which on the inner side an angle iron 
is attached to support the wooden rope-bed, whereas the 
outer circumference is y a ring of T iron. 


Three of these rings are of the section given in Fig. 11, 








the fourth, however, to which the steam brake is applied, 
is of a somewhat heavier section, as shown in Fig. 12 
Fig. 13 shows the form of the outer ends of the arms; 
they are cut out to clear the vertical rib of the “T iron, 
whereas the remaining flanges are bent to be fixed to the 
horizontal flange of the circumferential T iron. The 
wooden rope-bed is built up of boards or “lags” about 
6 in. thick (150 millim.), and supported in the middle by 
a ring of 4 iron of the same section as the arms, this 
ring preventing the yielding of the boards under the 
pressure of the rope coiled round the drum. 





The cylinders of the engine are steam-jacketted, steam 
being supplied to the jackets by special pipes (not shown 
in the engravings) independently of the steam supply 
to the valve chests. The proportion of the steam passages 
to the piston area is about jth, and the clearances bear 
the following proportions to the volume swept through 
by the piston during one stroke : 


per cent. 
Passage in main slide valve ... oon so. 08 
98 the cyli eve oni ove eo 18 
between piston and cover .. ooo AD 
Total eve 2.6 


The pistons are of wrought iron, composed of two 
parts, which construction is, of course, necessary to suit 
the description of cast-iron packing rings used. The 
cover of the piston is fixed to the body by four bolts with 
brass nuts. 

The steel piston rod is 100 millimetres (about 4 in.) in 
diameter and is carried at both ends by sliding blocks. 
The wearing surface of the rear sliding block is 113% 
74=93 square inches, whereas the two front slide blocks 

t an area, of 2X68, X153—=199, or, say, 200 square 
inches. The maximum pressure acting upon these front 
blocks (arising from weight of mo parts and from 
the oblique action of the connecting is about 9140 Ib., 


and thus the wearing pressure does not exceed a 


45.7 Ib. to the square inch, which even with the increased 
piston speed is not excessive. 
The connecting rod, as well as the crank and main 














a ae et a aga ie 2 _grerr enous, 








Fig. &. 


shaft, is steel. The dimensions of the connecting rod are 


. | a8 follows: 


Length—four times radius of crank=4 metres=18 ft. 1} in. 
Diameter in the middle ot 160 millim in. 


Crosshead pin aoe 8 7 = 
cmayin {Deeg = HE 
The crank has the following dimensions : 
Diameter of boss oe .» 580 millim.=22 in. 
Lengt os se > 270 »> ==10% in. 
The main shaft is proportioned as follows: 
Diameter in crank boss 300 millim.=11{ in. 
ne « 
2 ween see , = in. 
th of bearings... ... 400 5, =18tin. 
Distance of bearings(centres) 3590 ,, -=11ft.9}in. 


The eccentrics are mounted on a separate shaft which 
receives its motion from the main shaft by toothed 
gearing, as shown. This method, usuall ee ed i 
large engines by Messrs. Breitfeld, Danek, and Co, has 
some advantages. It enables the valves to come close 
upon the cylinder without shortening the main bearing 
or using crooked eccentric rods, and the eccentrics them- 
selves are smaller and more open to inspection. 

It was desired to meet the requirements of a variable 
load by working the engine expansively, and as the link 
motion affords but an imperfect means of varying the 
point of cut-off, a double slide-valve system was decided 
upon. Thus three eccentrics had to be used, and as the 
engine must run equally well in both directions, the ex- 
pansion eccentric is set opposite the crank,* as shown in 
Fig. 14. This allows the eccentric to be fixed on the 


Fig. | 
— i : 


i 
crank, but it necessitates a somewhat large throw. In 
the present case the following are the dimensions used : 


Stroke of main slide valve 90 a 
BO.» sant. Palani ton,» 
ive e of expansion 
valve on the back of the , 
—_ samme sis ve _ » eedpin. 
To shorten the steam passager, the slide valves are 
divided, viz., the front of the cylinder as well as the 


rear end has its separate valves. The two steam chests, 
however, are not separated, as will be seen from the 
engravings. As Meyer’s common double valve gear is 
somewhat slow in its action (when the point of cut-off 
has to be varied), and presents a considerable resistance, 


* As this eccentric is ona shaft 
iia en aicee ee 
on the same shaft. 
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Mr. Rider’s double valve system was successfully applied. 
As this valve gear has already been described in Engi- 
NEERING, a short notice will suffice to remind our readers 
of its principal features. Suppose S, (Fig. 15) to be the 


Fig. 15. 





main slide valve, 8, the expansion valve, both moving 
in the direction X x. As the moment. of cut-off is de- 
termined by the amount of lap (all other dimensions being 
constant) it will be easily understood how with an ex- 

nsion valve of the form shown the point of cut-off can 
be varied, If the position shown is the central one, then 
the “lap’’ has the negative amount of c d=l,. tt the 
valve S, be shifted in the direction of the arrow Y, until 
the edge 6 arrives in b,, the lap will be positive and 
amount to cb,=/,, Thus by shifting the valve S, 
through a space }b,=s, the lap is varied from — /, to 
-+/,, intermediate positions corresponding of course to 
intermediate values of lap. 

The above maximum amount of shifting will be 

S=[l,—1,] tan. a (1) 
if 4 and J, are the minimum and maximum amounts of 
lap. In the engine under consideration the following 
values occur : 
» l= — 70 millimetres, 1,—=-+-64 millimetres, tan. «—§ 
thus 
64+-70) .{=241 millimetres. 

Such a as ent ph ane would, however, be some- 

what inconvenient (yet the original form of Mr. Rider’s 


Fig. 1. 


The action of this arrangement will 

be easily understood. By moving the: bent lever Hy, E, 
the lever D is also moved, and thus the ‘rod B, anf by it 
the expansion yalve is turned, whereas A and C dogs not 
partake of this movement. - When B is'turned it moves 
also slightly in an axial direction, and the amount of this 
longitudinal shifting is easily determined. As the turn- 
ing of the rod B does not exceed materially a quarter of 
a circle, the said longitudinal shifting will not exceed a 
quarter of the pitch of the screw, and as this pitch is 
6 millimetres, or about } in., the axial motion of the rod 
B will be y, in. at its maximum. The consequence of 
this small shifting can be easily made out ; it is the same 
as if the direction of the arrow Y, Fig. 15, was not at 
right angles to X X,, butslightly inclined (about in the 
proportion of 1 in 95). When the lever marked “ex- 
pansion lever” in the general view is moved, this motion 
by the shaft Fand the levers GG is communicated to 
the levers E E, and thus to the expansion valves in the 
manner just explained. 

The cylindrical valves just described have worked very 
well since the erection of the engine, and they have re- 
mained always atight fit. This is perhaps a consequence 
of their constant double motion, by which “ cutting” is 
prevented. : 

The main valves are moved by Gooch’s link motion, of 
which however only the extreme positionsare used. The 
reversing link is not hinged, but its centre is guided in a 
true horizontal line by two brass sliding blocks. 

To reverse the engine by hand would be difficult, if not 
impossible, and a hydraulic apparatus is therefore provided, 
of which also detailed views are given in Figs. 7, 8, and 
9, page 441. The water pressure, by which this apparatus 
is moved, amounts to about two atmospheres, and as the 
diameter of the pistons is 200 millimetres, or 7j in.,a 
total pressure of 1385 Ib. is transmitted by the connecting 
rod M to the lever P (Fig. 17). The leverage of P and 
K being nearly as 1 tol, this pressure is practically 
transmitted undiminished to the rod L. The maximum 
force to move the slide blocks in reversing may be esti- 
mated as 1000 Ib. Comparing this resistance with the 
pressure available to overcome it, we find a fair surplus 


Cin. diam! 
he 


screw being square. 
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valve was fist), and it is, therefore, made cylindrical, the 
axis of the cylinder being parallel to X X,. The straight 
edge a b forms then, of course, a spiral, and the opening 
of the steam passages in the upper (cylindrical) face of 
the main valve have also the same form. 

The transverse shifting of the valve is thus replaced 
by a rotation around the axis of the cylindrical face. In 
the present case the radius of the valve is 150 millimetres 
(5§ in.), and as the arc, through which the valve has to 
be turned. to change the lap from minus 70 to plus 64 
millimetres is 241 millimetres (measured upon the surface 
of the valve), the angle corresponding to this are will be : 

241 x 180 
~~ 50x “ESN, 
namely, by turning the valve through slightly more than 
a quarter of a circle, the above change of lap is produced, 
and the point of cut-off varied from zero to }3ths of the 
stroke. When the engine is running, this turning of the 
expansion valve is done easily, and the driver is thus 
enabled not only to vary the rate of expansion very 
promptly, but also to shut off the steam at once by the 
expansion valve alone. 

Some difficulty arises from the circumstance that a 
movable joint must be provided for between the eccentric 
rod and the valve rod. In small engines this joint may 
well be made simply as shown in Fig. 16; the insufficient 








area of the collar a, however, would not long stand the 
wear and tear in a large engine, and the joint soon would 
work loose. In the 300 horse power winding engine now 
being described this arrangement was replaced by another, 
shown in detailin Figs. 3 and 4 of our two-page engraving. 
The pressure, which in the arrangement a oa in Fig. 16 
ia thrown upon the small collar a, is in the arrangement 
adopted borne by the threads of a screw, which 
gives sufficient area to resist abrasion for a long 
time. Referring to Figs, 3 and 4, B -is-the valve 
rod, to. which a lever D is fixed; A is a rod to the 
front end of which the eccentric rod is attached, whereas 
its rear ond is firmly connected with the hollow piece C, 
wito whieh the rod B is screwed, the threads of this 
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for frictional and other resistances. In practice the 
apparatus has worked well ever since its erection. 

There are two brakes fitted to the engine. One of 
them is a steam-brake, the other a hand-brake. The 
hand-brake is chiefly used to hold the detached rope 
drum, when the length of the rope has to be adjusted 
to different levels. The arrangement of the steam- 
brake is shown in outline by Fig. 18. The actuating 
piston is 8 in. in diameter, and the piston rod 1g in. As 
the steam pressure amounts to 90 lb. per square inch, 
the active pressure on the piston rod will be P=4500 lb., 
from which a tension in the brake-band results of S= 
14,760 lb. The brake power is sufficient to hold even the 
maximum total load, irrespective of any counterbalancing. 
The screw aserves to fix the brake lever in its position as 
well as to apply the brake by hand ; for the latter purpose 
also a footboard was provided, which, however, we believe 
has been replaced by a forked handle, in order to enable 
the driver to apply the weight of the body by both hands 
instead of by the foot. 

In conclusion we should state that we are indebted to 
Mr. L. Hajnis, of Prague, for the particulars of the engine 
we have been describing. 








NOTES FROM ‘THE SOUTH-WEST. 

Bristol Steam Navigation Company (Limited).—An 
extraordinary general meeting of the shareholders of this 
company was held on Monday, when resolutions for the 
sales of the vessels belonging to the company to Sir John 
Arnott, of Cork, for the voluntary winding up of the com- 

y, and for the appointment of liquidators were passed. 

r. Charles Nash, chairman of the board of directors, 
occupied the chair. 

Patent Fuel—The Cambrian! Patent Fuel Company has 
received a Government order for 2800 tons of patent fuel 
for shipment to various naval coaling stations. An order 
for 600 tons has also been received by a Swansea firm. 


Defences of Plymouth.—Plymouth at the present time is 
protected by a circle of forts, unequalled for strength and 
size by any in thecountry. ‘The plan of defence embraces 
the provision of the most formidable batteries for coast 
defence. Plymouth Sound is defended by an outer and 
inner line. The first includes the powerful fort on the 
Breakwater, the forts at Picklecombe and Bovisand, and 
half the guns at Fort Stamford. The Breakwater Fort, 
which is plated with in all 15 in. of armour, there bei 
between every 5 in. a thick coating of teak, is at the 
present time being mounted with eighteen guns, the sizes 
varying from 11 in. to 9 in. bore, Bovisand Battery, con- 





— of pase. -— having 15-in. “ye + at (te 
est parte, the embrasures, is pierced for 23 guns (the 
largest being 11in.)-on/one foe, and these guns command 
the ancho passage between the east end of the Break- 
water and the shote, Picklecombe, on the west side of the 
Breakwater, is by far the heaviest fort of its kind ; it is 
constructed of granite, with iron shields. It differs from 
isand in that it contains two floors, each of which is 
mounted with 21 guns of large size, ing on the western 
entrance of the Sound. The strength of Bovisand and 
Picklecombe forts was put to a severe test some years 
since, when several salvos of artillery were fired without in 
any wer injuring the constructions, Cawsand Bay anchor- 
age is defended by a granite battery, mounting seven heavy 
guns, and a similar battery stands on the shore of Whitsand 
y—Polhawre Cove—to prevent the landing of a force in 
that locality. The range of this battery extends over the 
entire bay, and of necessity this must be taken before any 
enemy could land there. Drake’s Island forms a part of 
both the outer and inner defences of the port. Seaward 
there is a powerful upper battery, mounted with 25-ton 
s, from which an effective fire could be poured for, at 
feast, a mile outside the Breakwater. The guns on the 
whole island are directly pointed to the navigable channels 
of the Sound and Cattewater, so that Drake’s Island is the 
key to the whole position. The narrow entrance to the 
Hamoaze is protected by two redoubts in Firestone Bay, 
each mounting 15 heavy guns, and by the Garden Battery 
atthe west end of Barn Pool. Last, but not least, are the 
batteries on Mount Wise, where some of the newest 
pattern artillery has been fixed, and which in this case is 
supplemented, as at all the other forts and batteries, by a 
large number of mortars. 


Lundy Island.—On Tuesday, in the House of Commons, 
Mr. Dillwyn brought forward @ motion declaring that it 
was of national importance that telegraphic communica- 
tion between Lundy Island and the mainland should be 
established. In the course of his speech the hon. 
gentleman contended that the proposition for the expense 
of the undertaking to be borne by the neighbouring ports 
_ unsou ~y os vessels — a —— = pe 
ose issuing from neighbouring ports, were in the habit o 
taking refuge off the island. After some discussion, Lord 
John Manners said he regarded the ‘extension as an 
unremunerative one, but if an application on the subject 
or made to the Treasury he would throw no obstacle in 
e way. 











WHITEHAVEN Harsour IMPROVEMENTS.—Since the 
opening of the Queen’s Dock for traffic in November last, 
it has been much used to accommodate the increasing trade 
of the port. The harboursare now being deepened so as 
to afford a depth of 22 ft. at ordinary spring tides. The 
railway works to connect the north and south harbours 
are being pushed forward rapidly, as also the completion of 
the new dock offices. At the last meeting of the trustees 
a report was read from Mr. Brunlees, C.E., relative to 
additional works, and the reclamation of the site of the 
intended graving dock. 





FiEeEtTwoop New Docx.—The new dock at Fleetwood, 
formed for the Lancashire and Yorkshire Railway Com- 
pany, is now near completion. It is 1000 ft. in a 
400 ft. wide, and comprises an area of 10 acres. The 
depth is 34 ft. 9:in., and the walls 14 ft. thick at the base, 
gradually diminishing to 5 ft. at the coping. At the south 
end is an outlet, communicating with a timber front of 
15 acres. Railway sidings and extensive warehouse ac- 
commodation is provided, and orecr thing is expected to: be 
in readiness for admission of water into the!dock during the 
present month. The entrance lock is 50 ft. wide, and there 
will be a depth of 24 ft. on the sills at ordinary spring tides. 


TEsTIMONIAL TO Mr. ArtHuR Paget.—It is with 
much pleasure we record the presentation to Mr. Arthur 
Paget, of Loughborough, of a handsome service of plate 
subscribed for by a number of members of the Institution 
of Mechanical ineers as a recognition of his labours in 
promoting the interests of the Institution. All connected 
with the Institution well know how greatly the recently 
effected change of the head-quarters of the Institution 
from Birmingham to London has been due to Mr. Paget’s 
perseverance, but comparatively few know how great an 
expenditure of personal trouble was incurred in attaining 
the result. Mr. Paget’s action in this and other matters 
affecting the interests of the Institution most heartily de- 
served the recognition at the hands of the members and this 
testimonial has been thoroughly earned. ‘The presentation, 
we may add, took place on Wednesday last week, at a 
dinner given to Mr. Paget by the subscribers. 








Tue Krne@’s CouLeGe ENGINEERING SocreTy.—At a 
meeting of the above Society, held on Friday, June Ist, 
Mr. St. George Lane Fox, an honorary member of the 
Society, read a paper on “ Gaslighting by Electricity.” 
The author commenced by enumerating the requirements 
of an apparatus for lighting and turning on and off the gas ; 
he then proceeded to describe the several suggestions 
which been mae and — ob on the 
subject, such as the difference of pressure in pipes, 
light mechanical means, &c., explaining why each Thad 
severally been abandoned. Having dwelt at great length 
on electricity as an agent, he showed how it mi ) 1 
to fulfil the requirements, and in conclusion described his 
ap tus, for which he has obtained a patent, showing its 
es ny and non-liability to get out of order. A short dis- 
cussion ensued, in which Messrs. Fabricius, Alliman, 
pee seen] To Harst og Mr. Lane Fax crater d 
replied to questions , the meeting then adjourned. 
The was illustrated by several forms of Mr, Lane 

electrical appliances be- 





paper 
Fox’s apparatus, and some of the 
longing to the College. 
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PRIBRAM SILVER MINES, BOHEMIA. 
EITFELD, DANEK, AND CO, ENGINEERS, PRAGUE. 


or Description, see Page 441.) 
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HIGH-PRESSURE STEAM. 

THE paper on engines and boilers for high-pres- 
sure steam read by Mr. Loftus Perkins before the 
Tustitution of Mechanical Engineers last week, and 
which we reprint in extenso on page 451 of the pre- 
sent number, is one which, to say the least of it, 
suggests many points for discussion, and as the 
system advocated by Mr. Perkins has lately been 
brought prominently before the public, it is, we 
think, desirable that we should direct attention to 
some of these points with a view of eliciting more de- 
finite information than is at present available. Of 
the discussion which ensued on Mr, Perkins’s paper 
being read last week, we give an abstract on an- 
other page, and we only refer to it here to state, 
that although somewhat lengthy, it by no means ex- 
hausted the subject, and in fact left many points 
entirely unsettled. 

Every engineer who has had an opportunity of 
examining the high-pressure engines and boilers 
described in Mr. Perkins’s paper must, we think, have 
been struck with the perseverance and ability which 
the author has brought to bear upon their construc- 
tion, Steam at pressures of from 3001b. to 500 Ib. 
per square inch is not a fluid to be trifled with, and 
it is only by the adoption of many novel structural 
expedients and the employment of the very best 
workmanship that Mr. Perkins has been able to 
attain the results he describes in his paper. It may, 
however, now be taken for granted that Mr. Perkins 
has proved that engines of moderate size may now 
be made upon his plans and successfally worked 
with steam of the pressures named, and the chief 
points which now appear to us to be open to discus. 
sion are: What are the real advantages gained b 
the use of steam of excessively high pressures? and, 
second, Can the results attained with engines of 
moderate power be repeated on a larger scale and 
under the conditions as to weight, &c., which must 
be satisfied in the case of marine engines? This 
latter branch of the question, however, we do not 
intend to enter into here ; and in the present article 
we shall, in fact, confine ourselves to discussing 
some of the points included in the first query. 





What then are the advantages to be gained by 
the adoption of steam pressures of, say, 500 lb. 
square inch? The advantages claimed b ' 
Perkins may, we think, be summarised as follows: 
(1) That by resorting to such pressures we are 
enabled to use a type of boiler which could not 
otherwise be employed, this boiler being, it is said, 
durable, easily manufactured, and safe ; and (2) that 
by using the high-pressure steam, and employing 
large ratios of expansion, the work can be done with 
a much less expenditure of fuel than is now required 
by our best marine engines. Let us consider each 
of these claims in the order in which we have 
mentioned them. First, then, as to the boiler. It 
may, we think, be at once conceded that with steam 
at moderate appear it would be quite impossible 
to successfully work a boiler constructed on Mr, 
Perkins’s system. It is only by employing very 
high pressures, and thus causing the steam gene- 
rated to occupy a small volume, that the escape of 
the steam from the lower pipes to the steam space 
is rendered possible. But the volume occupied} by 
the steam in the tubes depends not only upon its 
pressure but also upon the rate at which it is being 
generated, and it is easy to imagine conditions under 
which the rate at which the steam is generated may 
exceed that at which it can escape to the higher 
tubes, thus involving a risk of failure. It is in fact 
evident that the durability of the boiler must be 
largely affected by the rate at which it is worked, 
and hence the statement that a boiler has lasted so 
many years loses its value unless we are at the same 
time informed what work it has been doing. It is 
much to be regretted that Mr. Perkins’s paper read 
last week fails to give us definite information on 
these points. An ordinary marine boiler evaporates 
very commonly 5 lb. of. water per hour per square 
foot of heating surface, and very often does much 
more, and what we require to know is whether in 
the Perkins boiler the rate of evaporation considered 
desirable is higher or lower than this, and also how 
much water can be evaporated per pound of coal when 
working under what are considered by the designer 
to be proper conditions, Mr. Perkins will, we feel 
certain, add much to the value of the facts stated in 
his paper if he would furnish definite information 
on these points, To be of value the evaporative 
results per pound of fuel should be deduced from 
careful trials lasting at least ten hours, both fuel and 
water being carefully weighed, and precautions being 
taken to avoid loss of water by priming. We may add 
that in comparing Mr, Perkins’s boiler with the 
ordinary marine type it must be borne in mind that 
the former is, from its small water capacity and 
other features, lighter than the latter in proportion 
to its exposed surface, and thus to do a certain 
amount of work it would be possible for Mr. 
Perkins to employ, without necessarily incurring 
excessive weight, a greater area of heating surface 
than is adopted in ordinary practice, 

Next as regards the question of the economy alleged 
to be attained by the employment of steam at ex- 
cessively high pressures worked with large measures 
of expansion ; and here we may state at once that, 
to say the least, we consider this economy to be very 
poneeally vastly overrated. The statement made 

Mr. Crampton in the course of the discussion on 

r. Perkins’s paper, that in the case of a certain 
pumping engine he had obtained with steam of 
30 Ib. to 40 lb. pressure, expanded about five-fold, as 
good results as with steam at higher pressures 
more expansively, appeared to be received by some of 
the members present with a certain amount of jin- 
credulity, yet we believe the statement to be quite 
consistent with other experiences. To avoid misap- 

rehension it will be advisable that we speak more 

ully on this point, It mustbe remembered that in Mr, 
Crampton’s case the load on the engine was constant, 
and thus the mean effective pressure in the cylinder 
must also have been constant (neglecting any small 
differences of friction), whatever the pressure of 
steam employed might be. With steam at 35 lb. 
pressure, or, say, 50 Ib, absolute, expanded five-fold, 
the total mean pressure would be 26 1b, almost 
exactly, while to obtain the same total mean pressure 
with 70 Ib. steam, would require an expansion of a 
little over eleven-fold. Mr. Crampton’s statement 
thus amounts to this, that in a single-cylinder con- 
densing engine 35 Ib. steam expanded five-fold is 
more economical—or at least as economical—as 
70 Ib. steam expanded eleven-fold, and in i 
this statement we believe he is practically right. 
confirmation of the view here taken is afforded by 
the ex ents of Chief Engineer C. H. Loring and 
Mr, Charles Emery, on the engines of the U,S. 


used | have conducted many engine 


Revenue steamer Gallatin, recorded in our number 
of February 18, 1876, and by those of Mr. Emery, 
on the engines of the Bache, of which we gave 
an account in our issue of January 1, 1875... In 
the case of the Gallatin trials, the. engines 
were worked with steam at different pressures, 
and it will be seen on referring to the record 
of the experiments that when working with about 
five-fold expansion an increase in the steam preg- 
sure from 40lb. to 70 1b. per square inch gaye an 
economy of but about 10 per cent, only, while in 
the case of the Bache (when the engines were veing 
worked non-compound) an increase in the ratio.o 
expansion from 5.1 to 12.6 (the initial pressure being 
80 lb.) resulted in an increase of steam consumption 
by about 16 per cent, Coupling these facts we 
have good evidence in support of Mr, Crampton’s 
statement, and we are warranted in concluding that 
with the steam of higher pressure the large amount 
of expansion employed would cause a loss more than 
counterbalancing the are in other respects. Had 
Mr. Crampton been able to increase the load on his 
engine at the same time that he increased the steam 
pressure, he would no doubt have got better results 
at the higher pressures than at the pressures of 
30 lb. to 40 lb. which he found most beneficial under 
the circumstances, while had the engine been of the 
compound type, he would have been able to use 
larger ratios of expansion with advantage. All re- 
cent researches into the action of steam in the steam 
engine tend to show conclusively that the extent to 
which steam can be beneficially expanded in a single 
cylinder—even if that cylinder is steam-jacketted— 
is far less than used formerly to be supposed, and 
that if we are to employ large measures of expansion 
we must divide the work between two or more 
cylinders, so as to limit the range of temperature in 
each, This view was maintained by Mr, Adamson 
during the discussion on Mr. Perkins’s paper, and 
there can be little doubt of its correctness. 

But while we have evidence that by the employ- 
ment of the compound system we may beneficially 
use measures of expansion not otherwise desirable, 
we are as yet without experimental data to show us 
the limit to which we can advantageously go 
under such conditions as Mr. Perkins proposes to 
introduce. All we know is that the economy actually 
obtained by the adoption of high pressures and 
correspondingly large measures of expansion in- 
creases far less rapidly than theory might at first 
lead us to expect, and reasoning from analogy we 
see good reason to rom ng that at pressures lower 
than those advocated by Mr. Perkins the advantages 
derivable from the adoption of a large increase of 
expansion ger se are more than counterbalanced by 
the losses due to increased radiation and variations 
of temperature in the cylinders, to say nothing of 
leakage past pistons and kindred matters, Under 
these circumstances it is we think very desirable 
that statements as to the economy derivable from 
the employment of steam of very high pressures 
should be founded on a sound basis. So far as 
we have been able to gather from Mr. Perkins’s 
paper, and the discussion which succeeded it, 
no experiments have yet been made _ which 
justify this economy being stated as an absolute 
fact.. Mr. Perkins appears to have calculated 
the consumption of steam per horse power per 
hour from indicator di , but such a mode 


of calculation is entirely untrustworthy, as all who” 


well know. Con- 
sidering that several of Mr, Perkins’s engines are 
now at work, it ought not to be difficult to arrange 
an exhaustive trial which would afford data at pre- 
sent entirely wanting, and which it is necessary 
should beavailable before the merits of Mr. Perkins’s 
system can be correctly judged. In conclusion, we 
may say that in making these remarks we in no way 
desire to criticise Mr. Perkins’s system adversely. 
The skill with which Mr. Perkins has developed the 
use of high-pressure steam deserves every recogni- 
tion at our hands ; but at the same time we believe 
that we are serving the best interests of Mr. Perkins, 
as well as of the public, by directing attention to 
some points connected with that system which are 
at present doubtful, and which should be cleared up 
without unnecessary delay. 


THE SHIPWRIGHTS’ EXHIBITION, 

Tue competitive exhibition of naval models now 
open to the public in the Fishmongers’ Hall, Lonclon 
Bridge, is an attraction sufficiently powerful, to 
insure its success, and it, certainly, deserves to 
succeed as the first step in a direction from which 








much public good may be expected, to flow. There 
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have been exhibitions of naval models at South 
Kensington, and there is a very fine collection at 
— at the Royal Naval College, Greenwich. 

ey differ, however, from the present exhibition 
as a collection of old masters differs from the 
annual exhibition of the Royal Academy. ‘The 
Fishmongers’ Hall contains the best collection 
of models for modern ships that we remember 
to have seen, and herein lies its chief value and 
interest. 

The circumstances under which these models have 
been brought together also tend to heighten the 
interest they create. One of the oldest of the city 
companies, the Worshipful Company of Shipwrights, 
whose existence as a society dates from a very early 

riod in English history, and whose iacorporation 
os Charter dates from 1612, after long years of re- 
pose and comparative obscurity have, as it were, 
within the last year or two taken a new lease of 
life, or perhaps we should say of enlightenment. 
In its early days the company great 
powers in matters naval, and to quote from the in- 
troductory sketch appended to the catalogue, ‘‘ the 
draughts for the ships of the Royal Navy were sub. 
sequently ordered to be submitted to this company 
for approval previously to being built from, and upon 
it was conferred jurisdiction over all builders, 
whether of the Royal Navy or of merchant ship- 


ping.” 

N o longer possessed of statutory powers over the 
shipbuilders of the country the Shipwrights’ Com- 
pany have apparently determined to show they still 
possess influence over shipping, and that they mean 
to exercise it. Instead of using coercion they in- 
cite to emulation, and reward the most successful in 
the friendly strife. 

About three months ago the company announced 
their intention of offering a number of prizes for 
the best designs and models of steamers, sailing 
ships, yachts, fishing smacks, tugs, and other craft, 
rm the prizes offered were substantial ones, as will 
be seen by the following summary : 

Steamship are divided into four classes. Class I. 
contains: ‘‘Steamers of the largest class, suitable 
for passage through the Suez Canal, for carry- 
ing on our Indian and China trades. Steamers, 
adapted both for goods and passengers, for service 
between England and ‘Australia within, say, forty- 
two days without coaling en rouée. And steamers 
of the largest type, for the passenger -carry- 
ing trade between Great Britain and the United 
States.” 

And for this class the prizea are, 1st prize, Gold 
Medal, Freedom of the Company, and 100/. 2nd 

rize, Silver Medal, Freedom of the, Company, and 
6/. 5s. 3rd prize, Freedom of the Company and 
Honourable Mention. 

The 2nd class is for screw steamers, for cargo 
only, of about 1500 tons gross ; the lst prize being 
a Gold Medal, Freedom of the Company, and 26/, 5s. ; 
and the 2nd prize a Silver Medal and Freedom of 
the Company. 

The 3rd class is for fast passenger steamers 
for Channel service with prizes similar to Class 2 ; 
and the 4th class for river passenger steamers with 
a prize of a Silver Medal and 15/. In addition to 
these, there are two prizes for sailing ships, two 
prizes for schooner yachts, one for cutter yachts, 
one for fishing smacks, two for tugs, and two for 


— 
ese prizes have, in spite of the short notice 
given, brought together an excellent lot of models 
pas 8 = ag bs or ba ee art in the present 
y, and show that the power of impartin e 
and beauty of form and dann. is not eeataal te 0 
chosen few, but is shared by many all round our 
coasts. Aniong the judges are Mr. Barnaby, Director 
of Naval Construction, Admiralty, Mr. Froude, Mr. 


B. Waymouth, of Lloyd’s Register of Shipping, 
Lord Paget, Mr, Samuda, and re 28 
petent gentlemen. 


et been awarded, and we 
will therefore refrain from discussing any of the 
merits or demerits of the competing designs, We 
may mention, however, that among the contributors 
are many of the best-known shipbuilding firms of 
the country, and that opinions di er considerably as 
to their respective merits. The positions and light 
in which the models are hung, and the finish of the 
respective models, and even their colour and polish, 
exercise considerable influence over the views of 
the visitors, professional as well as non-professional. 
It will be by no means an easy task for the judges 
to agree, To essional men this question of 
awarding the appears to be the really weak 


The prizes have not 





point of the scheme, although it ostensibly forms 
the raison d'étre for the exhibition. 

Looking broadly at the whole matter the question 
at once suggests itself whether it is possible to 
decide which is the best of a number of carefully 
prepared designs made under no closer restrictions 
than those laid down by the company? The best 
merchant steamer for a given trade is the one which 
pays best in that trade. And who is to decide, in 
the present competition for instance, what are the 
best dimensions for steamers in the Australian trade 
in its present state of development, or to what 
extent, say, deadweight carrying capacity, should 
be sacrificed to passenger accommodation and speed ? 
Increased size gives increased facilities in many re- 
spects, but if the enlarged vessel cannot fill up with 
passengers and cargo in reasonable time, here in- 
soanaell a size 
judges to decide the question, except as a mere 
matter of opinion? Or, in, who is to decide 
whether a certain design is better for the Indian or 
China trade than another design is for the Atlantic 
trade ? 

Every one practically acquainted with the work 
of designing knows that it is easy enough to endow 
a ship on paper with a number of qualities that look 
on the surface possible and plausible enough, and it 
is only by going carefully into the question of weights 
and checking the calculations that the real qualities 
of the vessel can be found. It is out of the question 
to suppose the judges can go through such work as 
this. Again, certain features of a design may be 
introduced to fulfil specific conditions, and the 
reasons for them may not be apparent even to the 
judges unless the designer is present to explain his 
intentions. Will the several designers be asked to 
discuss or explain the features of their designs, and 
the steps they have taken to satisfy themselves that 
the vessels if built would fulfil the conditions speci- 
fied for them ? 

Innumerable difficulties of this kind arise, which 
to our mind render it impossible for the judges, able 
as they are, to go fully into the merits of the re- 
spective designs. And if this cannot be done what 
is there but the skill of the draughtsman and of 
the modeller to decide the question? And here the 
question of expense comes in, and large firms con- 
sequently possess an enormous advantage over 
private naval architects, 

We would be the last to undervalue form and 
beauty of lines in ship designing, but we must not 
lose sight of the fact that naval architecture is some- 
thing more than a fine art. It is, above all things, 
a science, A ship has to withstand the forces of 
nature in some of their wildest forms, and has to 
perform her work subject to unerring laws. To 
understand and appreciate these and to bring a 
knowledge of them to bear on the practical work 
of design is one of the noblest tasks of the naval 
architect. If there is an objection that can be 
raised to model exhibitions like the present it is 
perhaps the tendency they have to magnify the 
importance of mere form at the expense of far 
more important branches of naval architecture, 
We trust that but little evil effects in this direc- 
tion may arise from the efforts of the Shipwrights’ 
Company, and that the substance as well as the 
oo of naval design will be kept steadily in 
sight. 

From a purely professional point of view the 
models should have been all to one scale, and of one 
distinct description of finish—probably the clean, 

lain wood would have been most suitable. This 

owever, would have shipwrecked the attraction of 
the exhibition for the general public. Again, the 
names of the exhibitors should perhaps have been 
concealed until after the awards were made, and it 
would be better in future that the prizes should be 
allotted before the exhibition is opened to the 
public, 

These are points we do not press as against the 
present exhibition or its promoters, but they are 
worth ing in mind for future occasions, and we 
heartily trust the Shipwrights’ Company will con- 
tinue to move onwards and develop the praiseworthy 
line of usefulness they have struck out for them- 
selves. The country warmly appreciates any sin- 
cere effort to strengthen our maritime supremacy 
either for war or commerce, and nothing will tend 
more to assure confidence in the great City com- 
—_ than the steps taken by the Shipwrights’ 

ompany in promoting this exhibition, and the 
support afforded to the movement by the Fishmon- 
ad Company in granting the use of their magni- 

cent hall for the occasion, *, 
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BELGIAN STEEL MANUFACTURE. 

In our number of May 4th last (vide p. 349 ante) 
we recorded the recent performances of two firms of 
American steel manufacturers, one of these per- 
formances being the turn-out by the Edgar Thomson 
Steel Company at Pittsburgh, of 1577434 tons of 
rails from a single mill during one week, consisting 
of twelve shifts of 11 hours 30 minutes each, these 
rails being made from 20993$#$ tons of ingots 
which were produced from a single pair of con- 
verters during the same period. The rails thus 
manufactured weighed 60 lb. per yard. 

The result thus recorded has, as far as total 
weight of rails is concerned, now been surpassed 
by the Belgian works of Seraing, where during 
the week ending 20th May last the produc- 
tion from a pair of 5-ton converters and a single 
il train was as follows: Ingots, 1842 tons; 
finished rails, 1580 tons; billets for rerolling, 
22 tons; in all, 1602 tons of finished rails, This 
shows a difference of 14.09 per cent. between weight 
of ingot and rail. The weight of these rails was 
77 lb. per yard, the average length being 9 metres 
or 29 ft. 64 in. This total production consisted 
in 4338 rails 9 metres in length ; 78 of 8.940 metres, 
and 256 of 6 metres. The ingots were taken 
hot from the Bessemer foundry, run through 
the blooming and reversing mill, and cut to 
length. The total consumption of fuel for the 
furnaces and boilers amounted to only 450 tons, 
= pe pe to 5.62 cwt. of mixed coal per ton 
of rails produced. This remarkable output of 1602 
tons was obtained in 1] shifts of 12 hours each 
from Monday evening until Sunday morning, giving 
an average of 1453 tons per shift. The maximum 
output was attained on the night shift of May 18, 
when in 10 hours and 7 minutes 158 tons of rails 
were rolled in the best style of workmanship. 

The above result is most creditable to all con- 
cerned in the Cockerill Works, and will no doubt 
have the effect of stimulating British steel rail manu- 
facturers to the improvement of their plant, which 
has never yet attained to anything approaching the 
figures quoted from Belgium or America, 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

For several years past there has been a growing 
desire on the part of a large and increasing majority 
of the members of the Institution of Mechanical 

ineers to raise the position of the Society from 
that of a provincial institution, as it undoubtedly 
was as long as its head-quarters remained in Bir- 
mingham, to the position so important a society had 
had a right to take among the scientific institutions 
of the country. In the year 1873 this desire so far 
bore practical fruit that one of its meetings was for 
the first time held in London on the Ist of May in 
that year; and since that time the second of its 
quarterly meetings has always been held at West- 
minster. As long, however, as the head-quarters of 
the Institution were at- Birmingham, not only did 
the Society suffer in importance by reason of its 
provincial character, but its discussions were rendered 
of less * gaseeng4 from the fact that its meetings, 
being held away from the metropolis, were deprived 
of the presence of many of the leading engineers 
and scientific men. 

Avery important step, however, has this year 
been taken by the Society, and we must congratulate 
the Institution of Mechanical Engineers upon the 
energetic action of their council, whereby the home 
of the Institution has been transferred from Birming- 
ham to London, and we venture to predict that a 
new and important career has been opened to the 
Society by the change. Under the able and energetic 
secretaryship of Mr. W. P. Marshall, the Institu- 
tion has continued to flourish until it has aseumed 
an importance in the country to which its provincial 
home was but poorly fitted, and there can be little 
doubt that the removal of its head-quartersto London, 
by removing the chief impediment to its progress, 
will give to the Institution a new impulse, and if we 
may judge of its future by its past there is every 
reason to expect that before long its position will 
be second to that of no other professional society in 
the country. , f 

The London meeting of 1877, which we briefly 
noticed in our issue of last week, held its sittings 
through the hospitality of the Institution of Civil 
Engineers in the theatre of that Institution on 
Thursday and Friday of last week under the 

idency of Mr. Thomas Hawksley, and consider- 
ing the counter attractions of the week at Epsom, 
was fairly attended. 
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The first business of the meeting was the dis-| by means of what is known as the sand-blast, in | provision for insuring the permanent working of the 
cussion upon Mr. Kirk’s paper ‘¢Qn Homogeneous | which a sharp silicious sand is projected by a ine. 
Iron, and the Degree of Homogeneity to be ex- | j Mr. Stevens said that one of the most indis- 


cted in Iron abet cn by various Systems of 

uddling and subsequent Working.” ‘This paper 
was communicated by the author to the last meeting 
of the Institution, which was held at Birmingham 
in March last, and was published in ertenso in our 
columns at the time.* The paper was taken as 
read, and the discussion upon it was postponed until 
the meeting which has just been held. 

Before the discussion commenced the author 
asked to be allowed to make a few remarks supple- 
mentary to his paper, and these remarks we print 
in full on page 439 of our present issue. This being 
so it will be unnecessary for us to summarise Mr. 
Kirk’s statement here, 

The discussion proper then commenced by Dr. 
C. W. Siemens, F.R.S., who referred to a paper 
he had read before a meeting of the British Associa- 
tion, in which he had pointed out that in the balling 
process it was perfectly possible to obtain as much, 
or nearly as much puddled bar as metal put into the 
furnace. This was somewhat disputed at .the time, 
but in support of the correctness of his view, he 
quoted data which had come to his knowledge the 
day before. At Messrs Nettlefold’s works at Wel- 
lington, in Shropshire, during the last eighteen 
months 12,384 tons of bar iron have been produced 
from 12,833 tons of metal, showing a loss of only 448 
tons, or 3.8 per cent. 

Mr. Isaac Lowthian Bell, M.P., thought that the 
presence of cinder in iron might be an indication 
of brittleness, but he considered that brittleness 
might be caused by the very high temperature at 
which the iron was worked, transferring substances 
from the cinder to the iron, and it was that rather 
than the mechanical presence of cinder which gave 
to the product its brittleness, He considered great 
credit was due to Dr. Siemens for having pointed 
out that iron could be puddled without any loss 
whatever. He thought that the absence of phos- 
phorus in iron produced by the Siemens process was 
due to the fact that the temperature at which it was 
worked was below that at which phosphorus com- 
bined with iron. 

Mr. T. R. Crampton was of the opinion that the 
best kind of furnace for the puddling process was 
that in which the fuel is introduced as coal dust. 
By that system combustion is more perfect, and it 
occasionally gave an excess of output over pig iron 
introduced amounting to 15 or 20 per cent., the 
excess of course being due to the reduction of metal 
in the fettling. Mr. Crampton did not believe in 
the gas furnace. . 

Mr. E, A. Cowper remarked that experience had 
shown that oxide ef iron had a greater affinity for 
phosphorus and sulphur than had iron in its metallic 
state, and he, therefore, considered that with good 
iron and good cinder the oxide would combine with 
the phosphorus and sulphur, eliminating those sub- 
stances from the product, 

Mr. Head said that the fibrous appearance of 
malleable iron was produced by the method by 
which it was worked. It was well known that 
there was a difference between the tensile strength 
of a bar taken in the direction of its length, and 
that taken at right angles to it, and that difference 
was in the proportion of 22 to 18, In the manufac- 
ture of iron it was necessary to bring the molecules 
of the metal into as intimate a contact as possible, 
and this was only another way of saying that foreign 
substances must be excluded. 

Mr. Kirk in reply to the discussion said that the 
strength of iron was undoubtedly reduced in pro- 

ortion as the percentage of cinder increased. Re- 

erring to the remarks of Mr. Crampton he could 
not, from the calculations he had been able to make, 
understand how it was possible to obtain an increase 
of metallic iron to the extent of 15 to 20 per cent. 
He could not but think there must also have been a 
considerable quantity of cinder. 

At the conclusion of the discussion a vote of thanks 
was passed to Mr. Kirk for his paper, and the Presi- 
dent called upon the secretary to read a paper “‘ On 
Root’s Mine Ventilator and other Applications of 
Root’s Blower,” by Mr, E. Hamer Carbutt, of 
a This paper we shall print in exfenso next 
week. 

The discussion upon Mr. Carbutt’s was 
opened by Mr. Charles Cochrane, who ciated that 
Root’s blower had proved very serviceable in the 
process for carving stone and other hard substances 
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” of air under pressure against the surface to 

parts to be left in relief 
being protected by thin sheets of metal. By 
this process the unprotected portions are, in an 
astonishingly short space of time, worn away 
by the eroding action of the ins of sand 
a ge against them by the force of the blast, 
and it had been found that Root’s blower was 
very useful for producing that blast. Mr, Cochrane 
questioned the statement made by the author in the 
paper as to the great value of Root’s ventilator on 
occasions of explosions or other accidents occurrin 
in mines. In his opinion the doors and undergroun 
arrangements for ventilation became 80 deran 
and the air passages so obstructed that a mechanical 
ventilator, such as Root’s blower, would possess 
no special advantages over other systems of ventila- 
tion. : 

Mr. Daniel Adamson said that he presumed that 
the author of this paper, and the firm who were the 
manufacturers of Root’s blower, did not claim the 
discovery of its principle or the design of its con- 
struction, but only its application as a blowing 
engine or ventilator. As a rotary engine and 
pump it had been patented by a fellow-apprentice 
of his, Mr. Jackson, in Scotland, as far back as 
the year 1838, but he considered great praise 
was due to Mr. Root for applying it as a blower. 
He considered it possessed several points of ex- 
cellence, but he questioned its value in a matter 
of economical working. He considered that the 
spur gear by which the two rotating pistons or 
beaters were maintained in their relative positions 
was a serious element of destruction. Every one 
knows how easily the teeth of wheels break, and 
such an accident occurring in such a machine would 
be attended with very serious consequences. He 
did not agree with the author of the paper as to the 
superior efficacy of pistons made of wood over those 
constructed of cast iron. It was true that they had 
the advantage in weight, but he considered if cast- 
iron pistons were employed and their weights were 
perfectly balanced on each side of their axes of rota- 
tion, that they would be both better and more 
permanent than wooden pistons, and he had no 
doubt that at high velocities cast iron would prove 
the more reliable. 

Mr. Jeremiah Head said that he could give parti- 
culars of the working of Root’s duplex blowing 
engine. Three years ago his firm had put one down at 
their works ; it had been running ever since, making 
300 revolutions per minute, and supplying the air to 
acupola having four tuyeres and melting 4 tons of 
iron per hour, the air supply maintaining a mano- 
metric column of 14 in. of water. It worked.almost 
silently, there being but a slight hum when the 
blower was at full speed. He agreed with the last 
speaker as regards the superiority of cast iron over 
wood for the beaters, and he had had the wooden 
beaters replaced by cast iron with excellent results. 
At the same works he had also a 4 ft, fan on the 
D valve principle, which at a speed of 1100 revolu- 
tions per minute maintains a column of water at 
the height of 18 in. The hum produced by the fan 
is about the same as that from the blower, The 
advantage of Root’s blower over the fan is that the 
former is perfectly self-contained; the whole 
apparatus with its engine is attached to one base- 
ate, and can be moved about and set down in any 
place convenient for working. One great advantage 
of the duplex principle is that the friction is perfectly 
balanced. 

Mr. Richardson (Messrs. Platt Brothers, Oldham) 
thought that the use of cog or spur wheels was a 
source of danger from their liability to fracture, and 
suggested their being replaced by side couplings, as 
employed in locomotive engines. He also suggested 
the blowers being driven by a quick-running rope 
from a fixed engine. Mr. Loftus Perkins said that 
he had had one of the first of Root’s blowers (which 
was fitted with wooden ae working for seven 
years, and it had turned out well, while Mr. Allan, 
of Sheffield, fully endorsed the opinion expressed by 
previous speakers, that iron pistons, if made well, 
must be better than wood, ‘Ihe chief difficulty in 
the manufacture of pistons of iron was the getting 
them perfectly true, and unless they are perfectly 
true they are inferior to wood on account of their 
greater weight. Mr. Allan considered that there 
ought to be some means of adjusting the blower, by 
which the effects of wear might be remedied. In 


carved or cut, the 


the American blower of Baker there was such an|i 


adjustment, and he considered it an important 





pensable qualities for a good mine ventilator to 
— is great simplicity of construction and a non- 
iability to get out of repair. In his opinion Roots’ 
mine ventilator differed as far as possible from those 
conditions. - It was exceedingly complicated, and it 
— several points which were elements of 

estruction. The packing pieces were set so as to 
give a clearance between them and the revolving 
beaters of only one-eighth of an inch, and he con- 
sidered that was cutting it far too fine. If a bolt 
or nut by any chance got into the blower, he would 
like to know what would become of the machine? 
He agreed, too, with gentlemen who had preceded 
him, that the spur gear was an element of danger, 
and concluded by asking the author of the paper if 
by the expression ‘‘ work done,” he meant the 
amount of air delivered by the blower per indicated 
horse power of the engine, 

The President asked the author to explain how 
the results given in the table of efficiency contained 
in the paper were arrived at. 

Mr, Stewart, who represented the author of the 
pener, in reply to the President, said that experi- 
ments were made in the direction of mine ventila- 
tion, and that the tables had been constructed from 
the data furnished by the results of those experi- 
ments, Replying to Mr. Cochrane’s remarks in 
reference to the employment of Root’s blower at. the 
time of accidents in mines, he said that when the 
doors and underground air p are deranged, 
the blower will continue to draw air through a 
diminished area of opening which fans will not do. 
He considered Root’s ventilator in advance of other 
machines, on account of its possessing greater ex- 
haustive power. 

Referring to Mr. Adamson’s statement, that 
Root’s ca — was invented by a friend of 
his in Scotland, Mr. Stewart said that neither the 
author nor his firm laid any claim to novelty of in- 
vention or construction, but, on the contrary, one 
of the diagrams in illustration of the paper was a 
drawing of Jones’s exhauster, which was almost 
identical in construction, and was the type of the 
blower which was the subject of the paper. Com- 
paring the relative weights of the blower and the 
fan Mr, Stewart remarked that although they were 
equal in this respect the former had the advantage 
over the latter from the fact that its weight was 
divided between two shafts instead of, as in the case 
of the fan, being only on one. He admitted that 
the use of wheel gearing was a serious drawback to 
the machine, but he said that the question was only 
one of proportion; if the wheel gearing were strong 
enough it would not break, and there was no difficulty 
whatever in making the wheels of sufficient strength 
to last as long as any other portion of the machine, 
One serious source of danger to the machines has 
been the injudicious throwing in of the composition 
referred toin the paper by incompetent persons. If 
this composition be properly introduced, there is no 
danger whatever, but he has seen it thrown in in 
pounds at a time, and this would be very liable to 
injure the machine, 

In reply to Mr. Stevens as to the danger of nuts or 
other foreign materials getting into the blower and 
jamming it up, he said that at the Chilton Colliery, 
where it was employed, the machine was boarded 
up to a considerable height above it, so that nothing 
could get in. The same objection might be made 
to any piece of machinery; if a brick were thrown 
into the ing of a machine great injury would be 
done, but the construction of the machine could not 
be blamed for an injury arising from such a cause. 

Mr. Stewart, in conclusion, referring to remarks 
that had been made in the course of the discussion, 
relative to the cost of Root’s mine ventilator, said 
that they would no doubt become cheaper, but it 
must be remembered that the machine described 
in the paper is the first that has been constructed 
up to the present time, 

The President having proposed a vote of thanks 
to Mr, Carbutt for his paper, which was passed 
unanimously, remarked that there were several 
important communications to be read, one from Mr. 
F. W. Webb, of Crewe, who was unable through 
illness to be present, and as it was getting late in the 
afternoon he put it to the members present whether 
it would not be advisable to adjourn the meeting 
until the next day. ‘This proposal was to. 
and the President adjourned the meeting accord- 


ingly. 
On Friday, in consequence of the absence of Mr. 
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Francis W. Webb, of Crewe, the reading of his paper 
‘Qn an improved Form of Slide Valve for Steam 
and Hydraulic Engines,” was postponed until the 
— to be held at Bristol in July next, and the 
P ings were opened by the reading of a 

rwhich we publish in extenso on another page, 
“On Steam Boilers and Engines for High Pres- 
sures,” by Mr, Loftus Perkins. 

The President having invited a discussion upon 
Mr. Perkins’s paper, Mr. Lewis Olrick said that the 
great point to be considered in the construction of 
boilers is to make sure of a good circulation of the 
water, so as to convey the heated parts away and 
allow the cooler portions to come under the influence 
of the heat, In a Cornish boiler fitted with Gallo- 
way tubes, or in a Davy-Paxman boiler, there is a 
good circulation, but he could not see that in the 
boiler described in the paper there was any better 
circulation than in an ordinary tea-kettle. He at- 
tributed the absence of ‘ priming” in the Perkins 
boiler to the very high pressure, and, therefore, 
small volume of the steam; for, while one cubic 
foot of water converted into steam at the ordinary 
atmospheric pressure would occupy a space of 1670 
cubic feet, it would occupy but 30 cubic feet at a 
pressure of 1000 Ib. on the square inch, and this di- 
minution of volume also enables the steam to get 
away as itis heated, and to a certain extent com. 
pensates for the bad circulation. He considered the 
use of a compound metal, requiring no lubrication, for 
the packing of the pistons made them very efficient 
at such high temperatures, and he asked the author 
of the paper if he makes use of the same metal for 
the faces of slide valves and other rubbing parts ex- 
posed to that high degree of heat. He considered 
the two main stays of Mr. Perkins’s system were, 
first, the high pressure of, and, therefore, small 
cubical content of the steam employed, and, second, 
the employment of a packing for the pistons which 
would not be injured by the high temperature and 
which required no lubrication. He thought that 
Mr, Perkins’s system ought to be tried on a large 
scal 


e. 

Mr. Ravenhill, referring to the statement in the 
paper that the author proposes to use only fresh 
water in the boiler over and over again, remarked 
that it was well known that very pure or distilled 
water is very injurious to boilers, the corrosive 
action of distilled water on wrought iron being 
extremely rapid, and he could not help thinking that 
difficulties would show themselves in that respect. 
In reference to the construction of the boiler, he 
could not, as a practical boiler maker, but think that 
some trouble would arise in the multitudinous 
junctions of the small tubes with the larger. Marine 
engineers have arrived at the conclusion that the 
great point to be aimed at in the construction of 
machinery is simplicity of repairs; he thought that 
with so complex a construction of boiler it would be 
a troublesome job to get at the tubes to alter or 
repair them, ond he hardly thought it could be done 
without docking the ship. He criticised the paper 
in the most friendly spirit; the great question among 
marine engineers at the present day was the safe use 
of steam at high pressures, and he considered that 
~~ credit is due to Mr. Perkins for his courage in 

ealing with this important subject. 

Mr. Paget said that the fact of the damaging 
effect of distilled water upon iron plates was esta- 
blished beyond doubt, but, on the other hand, he 
instanced the case of a neighbour of his who, con- 
trary to his strongly expressed advice, put down a 
boiler using nothing but rain-water collected from 
the roofs of the surrounding buildings. That boiler 
has been working for over fifteen years, and on a 
recent inspection it was found to be in as good a 
condition as it is possible to wish. 

Mr, Young remarked that after such contrary 
opinions as to the effect of distilled or rain-water 
upon wrought iron, he thought it was necessary to 
know all the conditions under which the observa- 
tions were made. It was well known that both heat 
and voltaic action were powerful elements in the 
action of corrosion, and all the collateral circum- 
stances ought to be known before pronouncing one 
theory right and another theory — 

Mr. Head called attention to the fact that rain- 
water invariably held in solution carbonic acid ex- 
tracted from the atmosphere and other sources, and 
the presence of carbonic acid enabled the water to 
dissolve carbonate of lime, while distilled water being 
only pure water did not possess that property, It 
was a mistake therefore to re rain-water and 
distilled water as the same substance. 

Mr. Marten (of Stourbridge) said that he had 





watched the Perkins boiler ever since its introduc- 
tion, and he considered it the best type of a small 
boiler in principle. It is the only boiler which 
avoids the difficulty caused by heating up cold water 
with all its impurities, and having afterwards to get 
rid of those impurities in the form of scale. Another 
defect in boilers which Mr. Perkins had remedied in 
his boiler was the boiling over, or priming, caused by 
a sudden diminution of pressure. In Mr. Perkins’s 
boiler that defect did not exist, He looked upon 
this system as the only one which embodied the true 
dynamical principle that the water employed in a 
steam engine is only a reciprocating part of the 
machinery, and he thought more favour ought to be 
shown to such persons as Mr. Perkins, who was 
steadily developing a sound principle and designing 
boilers to be safe at a pressure of 1000 lb. on the 
square inch. On the disputed question of the 
corrosive effect of distilled water he pointed out that 
in Mr, Perkins’s system the water after working 
some time had taken up all it had to take up, and 
after that no further action could go on. 

Mr. Chapman asked if the non-liability to 
corrosien in Mr. Perkins’s boiler might not be due to 
the deposition of magnetic oxide upon the surface of 
the iron caused by its exposure to the action of the 
steam at so high a pressure and temperature, and 
which was the basis of Professor Barff's process for 
the protection of iron and steel from corrosion. 

Mr. Daniel Adamson said that he was pleased that 
such a paper had been brought before the Institution 
by one of such great experience in high pressures as 
Mr. Perkins, a he had been much interested in the 
discussion which had followed the reading of the 
paper. Hedid not agree with Mr. Olrick that this 
boiler was defective by reason of its bad circulation, 
It is necessary in boilers to havea certain cubic con- 
tent of water to enable it to absorb a certain quantity 
of heat in a given time. If there be a limit to the 
velocity at which heat may be conducted through 
and absorbed by the water there must be a limit to 
the area of the surface exposed to the action of the 
heat. With respect to priming, Mr. Adamson said 
that the higher the pressure within a boiler the less 
tendency there was for violent ebullition, which was 
the cause of priming. The boiler of Mr, Perkins 
would be able to keep its water perfectly quiescent 
by reason of the great pressure at which it is worked. 
Referring to Mr. Perkins’s engine, he said that there 
could be no doubt that two cylinders are more econo- 
mical in every way than one, and the peng 
reason being that it offered conveniences for 
handling the steam at great differences of tempera- 
ture. The groundwork of his argument was that 
steam at high pressures and high temperatures must 
be held or utilised in hot vessels. For that reason, 
in dealing with high temperatures, three cylinders 
would be more economical than two, and it became 
a question for experience to decide as to what is the 
limit of the number of cylinders for an engine to 
work with steam having a high initial pressure and 
consequently high temperature. One great advan- 
tage of several cylinders was that the area of the 
piston of the first cylinder may be considerably re- 
duced to resist such tremenduous pressures, and 
the engine thereby rendered less liable to injury 
from the violent percussive action of such high- 
pressure steam. : 

Mr, T. R, Crampton thought the time had come 
when the question of working steam at high pres- 
sures should be thoroughly investigated, and he 
peepooed that the Council of the Institution of 

Mechanical Engineers should take the matter up 
with that object in view. He further alluded to the 
loose statements frequently made about ane peeter 
mances of engines, and advocated that in cases 
the weight of steam consumed per horse power 
per hour should be given, in order to enable 
an opinion to be formed of the efficiency of 
the engine. Mr. Crampton also expressed his 
doubts as to the benefits alleged to be derived 
from the employment in condensing engines of 
exceptionally high steam pressures and very large 
measures of expansion, and he stated that he had 
many years ago found that in the case of a pumping 
engine doing a constant amount of work he got the 
most economical results with steam of between 
30 Ib. and 40 lb. pressure expanded about five-fold. 
The engine in this case had the cylinder thoroughly 
steam-jacketted, and the experiments were made by 
running it successive weeks with steam at. various 
pressures, Referring to the subject of the corrosion 
of boilers, he said that the Institution would shortly 

i ion of some valuable data upon that 








be in possessi 
subject furnished by the Boiler Plate Committee. 





Mr. Cochrane wasof the opinion that there was no 
corrosion inside a boiler by water in contact with 
steam ; he believed that the internal corrosion of 
boilers was due, not to the action of water at all, but 
to that of acids formed by the oil and other lubri- 
cants used in the engine. There was a great dif- 
ference between internal corrosion and external 
corrosion in which the action of the atmosphere in 
contact with moisture had a powerful oxidising 
effect. He thought that the very high pressure of 
the steam by which it was cond to. one- 
twentieth of its volume was the cause of Mr. 
Perkins’s boiler being able to get rid of its steam 
as readily as it did. 

The next speaker was Mr, Flannery, who, while 
admiring the spirit and enterprise shown by 
the author of the paper in investigating what he 
considered ¢he question of the day, could not agree 
with him in his system of generating steam. It 
was, in fact, identical in principle with that of the 
boilers of the ‘‘ Montana,” which failed, after afew 
hours’ trial at sea, in consequence of the cracking of 
the bottom tubes. 

The President thought that the compound metal 
packing adopted by Mr. Perkins for his pistons 
would be found of great value for air engines, in 
which the packing and lubrication of the pistons 
had always been a serious difficulty. 

Mr. Ellington questioned whether there really was 
mechanical separation going on between the steam and 
the wateratsuch high temperatures in the lower tubes, 
He thought it possible that the water might assume 
some mechanical form, spheroidal or otherwise, 
which would allow it to rise to the upper portions 
of the boiler. He did not see any use in jacketting 
the low-pressure cylinder, for it was only raising 
the temperature of the steam within it, which the 
next moment had to be cooled again in the con- 
denser. 

Mr. E. A, Cowper next spoke on the action of 
steam expanding in a cylinder, and pointed out 
that the gain from the employment of exceedingly 
a Pes was not so great as was frequently 
stated, but that on the other hand it was very im- 
— to get a good vacuum. In a good engine, 

e remarked, it was perfectly possible to obtain a 
vacuum of 13 1b. in the cylinder. Ina marine engine 
which he had designed he had brought the consump- 
tion of coal down to 1.3 lb. per horse power per 
hour, which he believed was the smallest amount 
ever yet obtained. He fully agreed with the author 
of the paper that the cylinders of engines ought to 
be steam-jacketted, and he expressed his surprise 
that at the present time there should be any 
difference of opinion on this point. 

After some remarks from Mr. Hildebrandt upon 
corrosion, and from Mr. Crompton, who made 
some inquiries about the boiler fittings used by Mr. 
Perkins, the President called upon the author of the 
paper to reply to the discussion. 

. Perkins referring to the observations of Mr. 
Olrick, said that the compound metal described in 
the paper was put into the faces of the slide valves 
and in all rubbing surfaces, and required no lubrica- 
tion, In support of his assertion that pure water 
in a hot boiler has no corrosive effect on iron, he 
showed a sample of an iron tube which was cut 
open after having been exposed for seven years to 

e action of pure water at a temperature of 
500 deg. Fahr., and which showed no signs what- 
ever of corrosion, Upon the question of circulation 
Mr, Perkins said that in his boiler the circulation 
goes on very rapidly, but it was not a circulation of 
water, the harder the boiler is fired the higher the 
water rises. The working pressure was 500 lb. on 
the square inch; when the yacht was coming to a 
stopping place steam was let into all three cy- 
linders direct from the boiler, and in a minute and a 
half from that being done the pressure dropped from 
500 lb, to 250 Ib. In reply to the inquiry of Mr. 
Crompton, Mr. Perkins stated that he now made 
the pump and check valves of cast iron and found 
them stand well. The gun-metal valves first used 
were found to be very soon destroyed when working 
under such high pressures. , 

In answer to a question from Mr. Cowper he said 
that he looked upon the renewal of the compound 
metal packing rings as an element of consumption 
and cost of working in the same way as the fuel 
was. In his own yacht a complete set of rings cost 
6s., and they lasted three months. 

The President closed the discussion by saying that 
he had had a great deal to do with the investigation 
of the subject of the corrosion of iron upon a large 
scale. Pure water, as long as it is pure, has no 
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ive action whatever upon pure iron. If aneedle 
be hermetically sealed up in a fask of water several 
times distilled, no corrosion will take place; but if 
oxygen in a gaseous form gets to it, the needle will 
speedily be destroyed. Again, impurities in iron, by 
setting up local voltaic action, are productive of 
corrosion. Another cause of the destruction of 
boilers is the admission of grease and other 
lubricants, which becoming converted into fatty 
acids rapidly dissolve the iron. Mr. Hawksley 
considered that in both steam and air engines 
the pistons ought to be deep in order to reduce 
leakage to a minimum without increasing their 
friction. Leakage between a piston and cylinder 
diminished as the square root of the depth, so 
that if the depth of a piston be doubled the leakage 
past it is diminished - = proportion of 1 to the 
square root of 2. Mr. Hawksley’s.experi i 
him to endorse the opinion of the hie Ga th 
paper that the low-pressure cylinder. shi ~be 
jacketted. Some years ago he bought an engine in 
Cornwall, of which the high-pressure -¢ylinder was 
jacketted and the low-pressure cylinder was not. 
When the engine was first started it worked very 
well, but in a short time the stroke n to de- 
crease, and continued to diminish until in ‘an hour 
and a half the engine had lost 18 in. in its stroke. 
On examination he found this diminution was due 
to the difference of temperature at the two ends of 
the low-pressure cylinder, by which it had assumed 
a conical instead of a cylindrical form, the hotter end 
being 4 in. larger in diameter than the other. Mr. 
Hawksley concluded his remarks by Proposing a 
vote of thanks to Mr. Perkins for his yaluable paper, 
which proposal was very cordially received. ~ 

The President having, with the consent of the 
meeting, postponed the reading of the remaining 
papers on the list until the Bristol meeting, made the 
following statement : 

‘“‘T am instructed by the Council to announce 
that they have completed an agreement for the 
occupation by the Institution of an excellent set of 
suitable apartments on the ground floor of No. 10 
Victoria Chambers, Victoria-street, and with the 
privilege of immediate possession. Also that ‘a 
committee has been appointed for the — of 
furnishing these apartments and making all other 
arrangements oe for effecting the prompt 
transfer of the Institution from Birmingham to 
London, and for disposing of their interest in the 
premises of the Institution in Birmingham.” 

This announcement was received with much 
applause, and a vote of thanks to the Council for 
their energetic action in this matter was proposed 
by Mr. Paget, and briefly acknowledged by Mr, 
Bramwell. The President having proposed a cordial 
vote of thanks to the President and Council of the 
Institution of Civil Engineers for their kindness in 
placing their rooms at the disposal of the Institution, 
and a vote of thanks having been proposed by Mr. 
E, A, Cowper to Mr. Hawksley for presiding, the 
London meeting of 1877 came to an end, and the 
President announced that the next meeting of the 
Institution of Mechanical Engineers would be held 
in Bristol on Tuesday the 24th of July next. 








LIVERPOOL ASSOCIATION OF MARINE ENGINEERS.— 
On Monda one last a meeting of engineers connected 
with the Liverpool mercantile marine was held in the 
Temple, Dale-street, to inaugurate the above association, 
which now consists of about 300 . Mr. Douglas 
Hebson presided, and in the course of some opening ob- 
servations, dwelt on the progress of marine engineering 
and it would be a mistake, he said, to suppose that we had 
even yet arrived at anything like perfection. The associa- 
tion he felt sure would be found extremely useful, not only 
to the engineers of the port, but to all interested in its 
my shiva ing. The rooms of the aor seen will be.say- 
lied wi e leading news and magazines, a 
| ate of standard works wills ly be opened. 


LIVERPOOL ENGINEERING Socrery.—A meeting of 
this Society was held on Wi ‘evening, the 6th 
instant, at the Royal Institution, Mr. C,, Graham Smith, 

was read on 


A.LC.E., President, in the chair. 
Earthwork Quantitier,” By Mr. H. 0. 





the “‘ Computation of 
Baldry, A.[.C.E. The author, after giving 
tions of the prismoidal formula, proceeded to describe its 
application to. the.construction of earthwork tables, and 
pointed out two common but erroneous. methods of com- 
puting quantities. The point in the paper on which the in- 
terest of the meeting centred, was a review and analyti 
inquiry into the methods of ascertaining the quantities of 
earthwork in ‘‘ side-lying’’ ground, upon which question 
a lengthy and interesting co mdence took place in our 
pages not long since. r. "Ss ience in 

way matters rendered him fully able to with his 
of the meeting for having brought » eommearers nad 
‘ mi ‘or r a on of so muc! 
importance under its notice. "s 


£ 
be ay is now such as to 
ae 


t 





FOREIGN AND COLONIAL NOTES. 
Kapunda and North-West Bend Railway.— gece 
of Messrs. Overend and Robb, of Victoria, for con- 
struction of this line, has been ted by the South 
Australian Commissioner of Public Works. The amount 
of the contract is 165,2231., from which about 17,0001. is to 
be deducted for the value of certain earthworks executed 










by ithe Southty tivtratian Ge ernment. 

Rolling fog me the Baltimore and Ohio.—The Balti- 
more ani 4 Company possesses 504 locomo- 
tives of @ mated value of 2,209,660 dols.; 11,809 
freight ca #he estimated value of 3,352,280 dols. ; and 


351 passenge! ars, of the estimated value of 911,5051. dols. 
Altogether, the value of the company’s rolling stock will 
be seen.to be 6,473,445 dols. 
Steel Rails on. the Grand Trunk of Canada.—In the 
of 1876, the Grand Trunk Railway Company 
] '4,354/. to capital as the difference be- 
he Gost of iron and steel rails on its Atlantic dis- 
miles of the system now remain to 
and Mr. E. P. Hannaford, the company’s {chief 


states that. the . 
engineer. tha ge to the Canadian 


neral 
give con 

Petroleum for Java.—The steamer,Spartan, which sailed 
recently from New York to various ports in Java, is said 
to be the first steamer despatched from New York for the 
East Indies vid the Suez Canal, Her i 
400,000 gallons of refined pe sai 
Srgo exclusively . oil oe 

e 0 18 pac! in cases 
The nee wil stop at Gi ar and 
et she is expected to complete her voyage in 

ys. us 

Western of France Railway.—Notwithstanding certain 
difficulties which have been experienced in the acquisition 
of the necessary lands, the works of a new line 








uses enclosed in wood. 
Port Said for coal, 
40 or 45 


which is 

being constructed by the Western of Fratice Railway Com- 
pany between ions and Pontoise’ have been rapidly 
forward of late. The line- some rather 


important earthworks and a viaduct over the Sene. The 
works of another line between Dol and Dinan are about to 
be commenced, : He 
American Tugs.—The Government of the United States 
of Columbia has contracted with Messrs. Pusey, Jones, 
and Co., of Wilmington, for the construction two iron 
tugs, each 75 ft. in length. : 
Snow Ploughs on the Grand Trunk of Canada.—The 
te distance traversed by snow ploughs upon the 


Trunk Railway of Canada in the second half of 1876 
was 1192 miles. ‘The corresponding distance in the second 


strong as ever. This feeling may not lead to an angreve. 
ment of the market, but there is every probability that it 
will sustain it. The various reductions of brokers’ prices 
haye in no way affected warrants, nor has any notice- 
able improvement resulted from the general reduction in 


the prices of makers’ iron. Las’ Teor s shipments 
to 8837 tons as against 11,019 tons in the. ¢ 
week of last year, and the increase in the impor AS 


brough pig iron into G mouth is already’ y 25, 
Sema tious Vi inni of the year. There dre still I 
blast furnaces in operation, as against 116 in thé corre- 


sponding week of last é t 

in store up till last Friday night 137,980 tons, the increase 
during the week being 1031 tons. It may be worth w 

to notice that the price of warrants last month 
from 55s. 11s. on 1st to 53s. 10}d..on the 28th, and 
to 54s. 5d. at the close. The increase in the stock of pig 
iron with Messrs, Connal and Co. during the month was 
6669 tons, with warrants in circulation for 120,600 tons. 


Death of an Assistant of Telford.—An American paper 
of the 17th ult. s:—A much-esteemed m, 
Mr. Malcolm Ross, formerly of lish River, Chateau- 
guay County, P. Q., died at his residence at Homer, On- 
tario, on the 22nd ult., in the 97th year of his age. Mr. 
Ross was a native of Edderton, Ross-shire, and claimed 
descent from the Earls of Cromartie. He was a 


SS 


$ 
E 


ie 


military engineer, and was over twenty years in 
the construction of the Parliamen roads in 
i 1821 he emigrated 


under the great e , Telford. 
to Canada, and settled at English River, where he resided 


, | until 1871. 


Clyde Trust—Steam Ferry Service.—At the monthly 
meeting of the Clyde Trustees held yesterday it was re- 
solved, on the recommendation of the Committee on Ferries 
to accept of an offer from " Donald, and 
Wilson, Paisley, to construct an additional steam ferry- 
boat for passenger service at a cost of 8751. It was also re- 


om - pyre with the Free yee J works ” the estab- 
ent of the horse, carriage, and passe’ service 
at Stobcross, on the plan of Messrs. Wi Sitona and 
Co., Renfrew. The estimated cost of the ed works, 


together with the boat, will be from 21,0000. to 22,0007. In 
serorting the recommendation of the Ferries Committee, 
the Lord Provost explained that the proposed ferry was to 
Tr Paneneern, 06 sen on heanhane traffic, the 
amen ot 9 boat Domne gaan ve have a deck or plat- 
‘orm, so carts an passengers w 

on on the level of the quay, without having any stairs to + 
up ordown. They would then be taken across the river 
and landed on the level, on the other side, no matter what 
the state of the tide might be. 


Death of a well-known Agricultural Implement Maker.— 
Mr. Alexander Jack, senior mer of the firm of Alexander 


half of 1875 was 1605 miles. Jack and Sons, icul: im lement makers, ybo 4 
Iron in. France.—The production of cast iron in France | died last week. He had been alling for a considerable time. 
last year was ogee , a8 compared with 1,416,228 | Mr. Jack began life as a joiner, and for a time carried on 
tons in 1875. uction of wrought iron in France | business as a wood merchant at Auchendrane, a few miles 
last year was 788,271 tons, of which 77,420 tons were rails ; | from Maybole. His trade gradually increasing, he removed 
the correspo production of 1875 was 755,442 tons, | to Maybole nearly thirty years ago, and ever afterwards he 
118,958 tons rails. Sheet iron was made to the extent | was engaged in the manufacture of almost all kinds of 
agricultural implements, and with so much success that his 


® teem 1876, as compared with 114,931 tons in 
1 4 7 Tk ae 
Railways in China.—The Chinese Government is stated 
to have decided to purchase a line from Shanghai to Woo- 
, in order to work it itself. The formation of indus- 
trial’ lines in other parts of China is also talked of, and 
especially: 


: osa, where it is pro- 
=. at any rate, desired—to work some rich coal 
gs. 
Locomotives for the Pennsylvania.—The Pennsylvania 
Railroad Company is about to build ten locomotives of the 
**T”’ class at its Altoona works. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—The pig-iron market was 
firmlast Thursday forenoon, when business was done at 
54s. 14d. one month fixed to 54s. 3d. —- cash, closi 
with sellers at the latter rr. buyers offering 54s. 2d. 
There was a continuance of the firmness in the afternoon, 
and business was done at 54s. 2d. to 54s. 3d. cash and one 
month open, closing sellers over, and buyers near. Busi- 
ness was reported on Friday forenoon at 54s. 3d. and 
54s. 14d. early cash, the market closing rather sellers at 
the latter figure. The market was rather quiet in the 
afternoon, business being done at 54s. one month, i 
at 54s. cash rather buyers. On Monday forenoon the mark 
was steady,and a good business was done in warrants at 
54g. cash to one month fixed, closing with sellers remaining 
atthe quotations, buyers offering 53s. 11d. No business was 
reported in the afternoon. Sellers at the close were asking 
54s., and buyers were offering 1d. per ton less. During the 
day it was announced that the price of No. 1 and 3 Coltness 
hed been reduced by the ers vely 2s. and 1s. 
per ton, and that 1s. per ton had been taken off the price 
of Nos. 1 and 3 Dalmellington. Yesterday’s market was 


dull, ly in consequence of the pros of settlement of 
the lock-out in the s ipbuilding trade still considered 
in the forenoon at 53s. 10d. 


—- t. Business ope 
cash, and at 53s. 11d. to 53s. 104d. one month, closing— 
sellers at 53s. 11d. one month, and at 53s. 10d. 
cash. No business was done in the afternoon, and the 
market closed, nominally at 53s. 103d. There was & very 
idle market this forenoon, no business whatever being 
ported.| The i ices were nominally — 





works became to be the most extensive of the kind in Scot- 

.. He was an excellent type of the observant and cal- 
culating Scotchman. Ever alive to the wants of the modern 
agriculturist, he spared neither time nor expense in per- 
iting the implements which he man q he 
had his reward, as result was that they came to be so 
well known and appreciated, that they found their way to 
pm of the kingdom, as well as to the Continent and our 
colonies. 





DratH or Mr. JoszpH ARMsTRONG.—Mr. Joseph 
Armstrong, who has been of the Great. Western 
Railway orks at Swindow for the past twelve years, died 
at Matiock on the 5th inst., where he had gone for change 
of air. Mr. Arm been ailing for some time, but 
until within a few hours of his death his end was not looked 
for. The loss will be much felt at Swindon, where he had 
endeared himself to the affecti many, more especially 
the poor, to whom he was a apes friend. The Great 
Western Railway will lose in him a valued, energetic, and 
tried servant. Mr. had held an appointment 
in the company for more than forty years. 





Tue Artisans’ InsTITUTs.—The annual meeting of 
this Institute was held last Saturday at the rooms of the- 
Society of Arts, the Earl of Roseberry taking the chair, Ac- 
cording to the rt read by the Rev. W. Solly, it appeared 
that althongh the number of students who attended the 
South Kensington Museum for examination last year was 
but eleven, the prizes and certificates they obtained were 
highly satisfactory. Inthe modelling class their success 
was remarkable. The report went on to state the nature 
and value of the work done di the year, and mentioned 
that taking the total number of students last session at 
100, there was an increase in their present numbers of 93, 
the total including those in the bricklayers’ class being 193. 
Of these several attended more than one class, so that the 
number actually enrolled on the class register books 
exceeded 278. The support of some of the City guilds, 
including a gift of 100 guineas from the Clothworkers’ 
Company was gratefully acknowledged, and much praise 
was accorded to the promised attempt on the part of those 

ds to establish a technical erat Sir J, 
ity com: 


C. 
Cc was 


St. Martin’s-lane, when the 
successful students by the Hon. E. 
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THE VAPART DISINTEGRATOR. 
CONSTRUCTED BY THE HYDRAULIO ENGINEERING COMPANY, CHESTER. 


We annex an illustration of a disintegrating 
machine largely used in France. It consists 
of a cast-iron case provided with two doors, 
which can be opened, as shown, for inspec- 
tion or renewal of the various parts. Through 
the middle of the case runs a vertical shaft, 
with’ bearings at top and bottom, and carry- 
ing at the upper —e pulley by which 
the shaft is driven. Wi the case, three 
discs are mounted on the shaft at equal 
intervals. On these discs are bolted a 
series of radial ribs as shown. Around the 
inner side of the case, as well as on the doors, 

——- strong cast-iron toothed segments, 
and beneath each segment is placed an inclined 
and curved plate. The operation of the ma- 
chine is as follows: The material to be disin- 
tegrated is fed in from the top and falls upon 
the upper disc, and the quick rotation of the 
latter drives the material forcibly against the 
corresponding toothed segments. From here 
it falls down the inclined plates, and is deli- 
vered on the middle portion of the second 
disc, where the same operation is repeated on 
it, as well as on the bottom disc, whence it is 
delivered into a hopper below. The disinte- 
gration can be carried to any desired extent, 
and judging from the samples we have seen 
the work leaves nothing to be desired. Tho 
machine is now being introduced into this 
country by Messrs. Bird and Co. of Lawrence 
Pountney Lane, who have arranged for its 
manufacture with the Hydraulic Engineering 
Company, Chester. 


PORTABLE ENGINE AND HOIST. 

We annex an illustration showing a handy 
arrangement of builder’s hoist combined with 
a portable engine, constructed by Messrs. 
Brown and May, of Devizes. As will be seen 
from the engraving the hoisting drum is 
placed in front of the smokebox, a position 
which enables the chain or rope to be led off at 
any desired angle. As Messrs. Brown and 
May fit all their portables with their powerful 
steam-jet arrangement for cleaning the tubes, 
there is no necessity to open the smokebox 
door for this purpose, and hence the position 
of the hoisting drum involves no inconvenience. 
The mode of driving the hoisting gear is as 
follows: A pitch chain is led off from a chain 
wheel on the crankshaft (on the fly-wheel 
side) to a wheel on the first motion shaft, this 
latter shaft carrying at its opposite end a 
grooved friction wheel. Between this latter 
friction wheel and the large wheel on the 
hoisting drum shaft is a movable wheel which 
can be raised or lowered by the long lever 
shown at the side of the engine, this lever 
also operating a brake fitted to the periphery 
of the large friction wheel. The first motion shaft 
being coupled to the crankshaft by the pitch chain | 
is always revolving when the engine is running, while 
the hoisting gear is stopped or started by raising or lower- | 
ing the intermediate wheel already mentioned, the raising | 
of this wheel taking it out of contact with the large 
friction wheel and the wheel on the first motion shaft, 
while a further motion of the hand lever in the same 
direction applies the brake. The hoist is made to lift 
easily 10 cwt. at the rate of 50 ft. per minute, and this 
combination of a hoist with a portable engine is one 
which will be of much service to builders and contrac- 
tors. The arrangement is also one which can be advan- 
tageously applied to engines driving portable saw-mills, 
as the hoisting or winding gear can then be utilised for 
hauling logs to the mill. 





TORPEDO LAUNCHES. 

The Thornycroft Vessels; their Construction, | 

Armament, §c., the Results of Certain Experiments 

that have been naib with them.* 

By Mr. Jonn DonaLpson, 

(Concluded from page 4:9.) 

Tux next size of to vessel is that ou ied to the 

vernments, and * illustrated by 

2. The dimensions are: Length, 67 ft.; beam, 

6in; draught of water, 4ft.3in. The guaranteed 








oat in the case of the Austrian boat was 15 knots in a | and at the other the contact arrange- 
run of one hour’s duration, and in the case of the French | ment, which consists of a metallic plate 
boats 18 knots, in a run of two hours’ duration. These - ble of bein pressed against the 
boats were built of somewhat thicker plating than the 
57 ft. type, and the armour was » a8 shown by the | pl plate and its connexions are covered by an india-rubber 
blue on the diagram, mo, doen to the water-line on | ap, so as to render the cases water-tight. 
each side. | n the middle of the case is the aperture for charging the 
They were divided into six water-tight compartments, torpedo. This > a hole 3 in. in diameter, into which, 
and they differed from the Scandinavian boats in having | when the to is filled, is screwed the cap F. The 
the spaces forward and aft of the permanently bn ged ay noed by the aperture, ewe 
g so as to prevent the ingress of water 
® Paper read before the Royal United Service Institution. | The battery is a modification of Smee’s well-known | otc 
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decked, instead of being covered with 
movable steel covers 0 y- 

The machinery was somewhat 
similar to that in the Scandinavian 
boats, excepting that the engines were 
capable of developing 200 indicated 
horse power, and that the air was 
supplied to the furnace by being 
forced into an air-tight stoke-hole, 
instead of being forced directly under 
the firegrate. 

The armament of these vessels con- 
sisted of two torpedoes attached to the 
end of wooden poles, 4} in. in dia- 
age and about B: ft. long, connected 

to the battery by insulated wires, 
and arranged to be fired either by 
coming in contact with the enemy’s 
vessel or at any distance from it, at 
the will of the operator. 

The torpedoes themselves were 
simply co: —— cases, like those on the 
table, an illustrated in Figs. 13 
to 18, of sufficient size, in the case of 
the Austrian boat, to contain 11,000 
cubic centimetres of explosive, and in 
the case of the French boats, to 
contain 25 kil es of dynamite. 
At one end is the socket for the pole, 


UE 
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PORTABLE ENGINE AND HOIST. 
CONSTRUCTED BY MESSRS. BROWN AND MAY, DEVIZES. 





s of the studs to which the wires are attached. This | single-acid battery and consists of six cells, fitted with 


platinised silver and zinc plates, which, in order to prevent 


| unnecessary oxidation may be lifted and kept clear of the 
acid by means of the roller N. 

The fuse (several specimens of which are on the table) 
consists of two strong copper wires, kept apart by means 
of - non-conducting composition and connected by a very 

latinum wire, imbedded in fulminate of mercury, 
hich is protected by a tinfoil casing. These fuses are 
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used with a detonator—a long copper cap half filled with 
fulminate of mercury. The connecting wires are arran 

in the neat and effective way patented by Captain Evoy, of 
the London Ordnance Works, by means of which, with 
only three wires, the torpedo may made to explode either 
on contact with the enemy’s vessel or by means of a firing 
key, at the will of the operator. s arrangement is 
shown in Fig. 6. D and D, are the wires lea from 
the poles of the battery to the torpedo. The fuse is in- 
serted in the wire D, at a point within the torpedo case, 
so that, when the case is —e fuse is entirely sur- 
rounded by the explosive. e connecting wire D, is 
attached to the wire D near the battery, and to the wire 
D, at a point between the fuse and the stud, to which 





tact with the enemy’s vessel, as soon as a strong current 
passes through the fuse, the small platinum wire is heated 
to redness, and the fulminate of mercury exploded ; this. 
explodes the detonator, and with it the charge of the 
torpedo, the force of the explosion finding its way along the 
nearest path to the air, which path, if the torpedo is suffi- 
ciently close, is through the enemy’s ship. 
The arrangement for working the 
in Figs. 8 to 12, and consists of two tubes rivetted 
at right angles so as to form something like the le 


poles is shown 
“J 


The torpedo pole is put through the horizontal tube, which 
is free to move round the centre of the vertical tube, and 
the vertical tube is free to move through a quarter circle 
at right angles to the centre line of the vessel. 
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that wire is attached in the torpedo case. A firing key is 
inserted in the wire D, at E,, and a contact breaker in the 
“= D at E. ‘ , - 
e ey is simply an apparatus for connecti e 

two ends of the wire quickly. It consists of two pieces 
of vuleanite, through each of which the wire is led and 
fastened over the end. These \ patos are kept together by 
means of a vulcanite nut, and a goring, heeye the ends of 
the wire apart until pressure is applied. The contact breaker 
is similar to the firing key, but there no spring in it, and 
the two parts may be screwed backwards and forwards, so 
as to separate or connect the wires when required. 
_ The object of having the contact breaker in the circuit 
is to prevent the torpedo from being exploded by contact 
with the enemy’s vessel, and so to place the control of the 
explosive entirely in the hands of the operator. If it is in 
use, it will be seen that no current can pass through the 
wire D, and that it is only possible to fire the torpedo by 
Lemon the _ : key and sending a current through the 
wires D, D,. Should it be desired to fire by contact, the 
contact breaker is screwed up, so that the wire D may be 
put in circuit ; a current is then possible through the wires 
and D and D, as soon as the circuit is com: by the 
contact plate being pressed against the studs. 

However effected, whether by the firing key, or by con- 





o> ™S 


In attacking in front, the vertical tube is laid over till it 
is parallel to the water surface, and the horizontal tube is 
allowed to inclinesufficiently far to allow of the end of the 
le, when run out, to be from 8 ft. to 10 ft. below 
he water-line. It is held in this —- by a pair of 
blocks attached to the top of the short mast. 5; 
In attacking on the broadside the vertical tube is laid 
over till it assumes a position such as to allow of the pole 


when s' round to touch an enemy’s vessel at about 
8 ft. or 10ft. below the water-line. 
The s trials of the Austrian boat took place on the 


11th of September, 1875, when she did 24,700 revolutions 
on her hour’s run on the Thames, and the number of revolu- 
tions required to do a knot in still water was found to be 
1357. This ives the distance run in the hour as 18.202 
knots, or 3.202 knots over our contract speed. The steam 

averaged 105 Ib. square inch, and the vacuum 
Bt in. during the run. In the case of the French boats, 
the total number of revolutions done in the two hours’ run 
in the roadstead off Cherbourg, was 49,818, and the number 
required to doa knot in still water was found to be 1382, 
that the distance run in the two hours was 36.05 knots, 
j During the two 


| destination on board a steamer, but the French boats, 
| under the command of an experienved captain, steamed by 
themselves from Chiswitk to Cherbourg, not crossing at 
the nearest points, and runuing along the shore, but going 
boldly from Dover, direct to Cherbourg. Shortly 
the arrival of the French boats in Cherbourg, they were 
altered so as to attack in front only, as the 
authorities found that these small vessels were better 
adapted for resisting the effects of an explosion at the bow, 
than at any other part, 

The arrangement yp is shown in Fig. 7, and 
consisted of a steel pole about 40 ft. in length, having one 
end about 6 in. in diameter, and solid, and the other t 
1} in. in diameter, and hollow; this pole was mounted at 
its solid end on small pulleys which ran upon two ropes 
stretched fore and aft of the vessel; the other end, to 
which the torpedo was attached, was led over a pulley 
fixed on the bow. jen a pangs bat ms ulleys to a windlass 
in the after compartment were a to the inboard end, 
and by turning the windlass the pole was drawn backwards 
or forwards as required. 
_ It will be observed that as the pole is drawn forward the 
inboard end being constrained to move in a line parallel to 
the deck, the outer end is depressed in the water, and is so 
adjusted that when the pole is run out to its full extremity, 
the torpedo is Communal to about 8} ft. below the water 
level. Thea ements for firing were, I believe, similar 
to those described as having been fitted to the boats by us, 
but of this I have no definite information. 

In Fe and h of this year some very remark- 
able experiments were made at Cherbourg with these boats, 
which not only showed the terrible effect of an explosion 
on the vessel operated upon, but also the small effect that 
the explosion has on the torpedo boat. The last of these 
experiments was made in the roadstead off Cherbourg on 
the 3rd of March, in presence of Vice-Amiral Cloué, 
Contre-Amiral Juarez, Contre-Amiral Lafont, and many 
other officers of the French Navy. The vessel attacked 
was the Bayonnaise, an old wooden frigate of about 2000 
tons displacement, which had been damaged in one of the 
earlier experiments, and was on this occasion kept afloat 
by means of empty casks. In order to realise as nearly as 
possible the ac conditions of warfare, the onnaise 
was towed by the emai — er’ Coligny at the rate of 
about six knots per hour. The attacking boat, under the 
command of M. Lemoine, came up at a s' of about 
fourteen knots, which on nearing the Bayonnaise was re- 
duced so as to prevent a collision between the two vessels 
at Aw a of wom pa ‘a sat sa 

—_ charged wi ogrammes of dam - 
cotton, submerged to a depth of 24 metres, or about | Oh ft 
below the surface of the water, exploded immediately on 
striking, and the Bayonnaise, with the hole in her bow, 
shown in the Larry a ob on the table—large enough, 
I believe, to admit a full-sized omnibus—would at once have 
gone to the bottom, had it not been for the empty casks, 
with which she was filled. 

At the moment of explosion, a slight shock was felt, and 
immedia‘ ry Mens ways a wave was upheaved be- 
tween the Bayonnaise and the torpedo boat, which was 
driven backward a considerable distance, and completely 
covered with water, so much so that M. Lemoine and his 
brave companions for the moment could not say whether 
they had gone to the bottom or not. 

his state of doubt was soon dispelled, however, and M, 
ieee steamed slowly off to report himself on board the 
oligny. 

The effect on the torpedo boat in attacking a wooden 
vessel like the Bayonnaise, half filled with water, with 
thick wooden planking, and still thicker ribs, is, I believe, 
greater than it would be in ai ing an ironclad, with 
its bottom of thin iron or steel, and the result showed 
very clearly that no harm is likely to bow ve to boats of 
this class, either in the hulls or the machinery, from the 

losion of this formidable weapon. 

may remark that the second Thornycroft boat was not 
stopped in time, and ran into the Bayonnaise, at a Gia of 
about eight knots, the result being that the bow was doubled 
wp, but so little real harm done, that on the following pow, 
she steamed out into the roadstead in rough weather, 
Stpavel ef by ber Ulgnwuaps. "Wenn of Mameatiny 

y her pumps. None e-mac 

was displaced, and no joints broken. 
One important result of the experiments made by the 
French Government, was the finding that only 90 per cent. 
of the weight of explosive that might be safely fired at the 
er fired at the stern, only 35 per cent. on the 
side. 


The third size of boat built by us is that we are now 
supplying to the Dutch and Italian Governments (see 
Fig. 3); these vessels are 76 ft. long by 10 ft. beam, and 
are ranteed to do a speed of 18 knots. 4 

—_ similar in design to the French boats, and differ 
from them in having engines of 250 indicated horse power, 
and in having more freeboard forwards, so as to make 
The Dutch type will be armed with the trigger torped 

armed wi ou lo, 
as supplied to 1s Wvench Govessnsas, and the Italian type 
with the Whitehead or fish torpedo. | : 

The exact details of the construction of this torpedo are 
kept carefully concealed from manufacturers, but generally 
it consists of a cigar-shaped vessel, g from 14 ft. te 
pte specially cially prepared: steel, and ie divided into 
is 8 ? 

; head con 


three 
exploding tus; the cen 
Slowey ba the third, or tail . i 
é exennt the engines. The motive 
suppli yo ee Oe ane three- 
eykinder type, a type which lends itself readily for packing 
* We shall 

otogra, 


shortly publish engravings prepared from 
these phi phs, 
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in a ge chamber, and so compact that I believe I 
am right in stating that an enging capable of developing 
40 indicated horse power can be made to weigh only 35 lb. 
weight. The working pressure of air in the tail is usually 
abont 1000 lb. per square inch, and the quantity carried is 
sufficient to propel the largest sized torpedoes a distance of 
220 yards, at a speed of 24 knots, or 1000 yards, at a 
reduced speed of 16 knots. By an arrangement connected 
with horizontal rudders, the torpedo can be made to run 
below the surface of the water at any required depth, and 
to keep at that depth till the end of its run. Such is the 
skill already acquired in the use of this torpedo, that I 
understand it would be almost impossible to miss an iron- 
clad at a distance of 1000 yards, even when the ship from 
which it is fired is moving at the rate of from 10 to 12 
knots per hour. 

We now come to the Lightning type of vessel, which 
is illustrated in Fig. 4, and the La Ty on the 
table. This vessel is 84ft. long over all, by 10ft. 10in. 
beam, draws about 5ft. of water, and is guaranteed to do 
a speed of 18 knots on her trial. The machinery on board 
the Lightning is similar in design to that already described, 
and is capable of indicating 350 horse power. The hull of 
the Lightning is made of heavier plating than we usually 
employ, and her lines are fuller, as she is intended for use 
in a tolerably rough sea if necessary ; and in order that 
she may be able to remain at sea for some time, cabin ac- 
commodation on a scale larger than in any of the other 
boats is provided for the officers and crew. The steering 
gear is arranged so that the vessel may be steered from 
the deck, or from the conning tower, and the usual tele- 
graph gear is fitted to communicate from the deck, or from 
the conning tower to the engine-room. 

The top of the conning tower is supported on three 
screws, so arranged that it may be Salen or lowered, and 
the space for sight adjusted according to the range of vision 

uired, or the risk to be run from the enemy’s missiles. 
The Lightning is to be armed with the Whitehead tor- 
pedo, which will be discharged from her forward deck b. 
means of a discharging apparatus, the details of which 
am not sufficiently familiar with to be able to give a de- 
scription. ‘The torpedoes will be charged with air, by 
means of one of Mr. Brotherhood's air-compressing pumps. 

The Lightning has not yet been officially tried, but on 
her preliminary runs in the Thames, she attained a speed 
on the measured mile of 19.4 knots per hour, a speed which 
will be somewhat reduced when she has her torpedoes and 
their gear on board, but which will leave us an ample 
margin on our guaranteed speed of 18 knots per hour. 

The next size of boat is the 87 ft. type, as illustrated 
in Fig. 5, of which type we have six in hand at present 
for the French Government. 

These vessels are 10 ft.6in. beam, and are built of 
heavier plating than the Lightning, and we have under- 
taken that they shall maintain a speed of 18 knots in a run 
of three hours’ duration. The propellers, contrary to our 
usual practice, will be placed in front of the rudders, so as 
to give increased readiness in steering. In order to prevent 
oxidation of the bulls as far as possible, we have arranged 
to galvanise the plates and frames below the water-line, 
pe aspark-catching apparatus will be fitted to the base of 
the chimney, so as so to prevent the position of the vessel 
being betrayed to the enemy during the night. 

The armament of these vessels will ‘fe fitted by the 
French Government, and will, I believe, consist of an out- 
rigger arrangement similar to that now in the boats we 
formerly supplied to them. They are equally well adapted, 
however, for the Whitehead torpedo, and they may be 
fitted with the apparatus for discharging that weapon. 
They will also be provided with an apparatus for deadening 
the shock, in the event of their coming in contact with an 
enemy's vessel at too high a rate of speed, as happened to 
one of our boats during the experiments at Cherbourg. 

I have now described the principal features of those 
boats we have built for torpedo service, and although the 
results in the matter of speed are high, they are not so 
high as we have obtained in some of our other boats, as, 
for instance, in that built by us last year for the Baroness 
Rothschild, and tried on the Lake of Geneva. This vessel, 
90 ft. long by 13 ft. beam, maintained a speed of nearly 
21 knots in a run, the whole length of the lake from 
Geneva to Villeneuve. 

I may further add, that although this is the fastest boat 
in a long run we have built as yet, we have designed, and 
are prepared to build, boats capable of maintaining a speed 
of 35 knots. These vessels would er and more 
expensive than any I have described, but would, I think, 
be invaluable in war, either for actual torpedo work or 
for use as despatch vessels. High speed, although so 
thoroughly appreciated by foreign torpedoists, has not 
hitherto received that attention which it merits from our 
own people. I have reason, however, to believe that 
this will remedied as soon as the official trials of the 
Lightning are concluded, but in the mean time—it may 
be on the eve of a great war—the fact remains, that 
we have only only one fast steam to © launch in Her 
Majesty's Navy, while other nations are providing them 
by the dozen, for the defence of their principal ports. 
In advocating the value of high s » I have sometimes 
been told that although very useful in its way, it is not re- 

uired for torpedo work, and that an ordinary ship's launch, 
¥ directed to move slowly and silently against an enemy’s 
ship, would be quite as efficient as a fast vessel; and as 
these launches are always required on board ship for other 
Rr , and. are besides much|cheaper in first cost, it is 

ther to buy a large number of them than to have a few 
fast vessels for a special purpose. Doubtless this would be 
true, if the enemy’s vessel were at anchor, and if an effi- 
cient watch were kept on board ; but this is a conjunction 
which I apprehend would be very rare in modern warfare. 

I think it may be very safely asserted that numbers are 
only useful in war when their force can be brought to bear 
on the enemy ; and I am quite certain that any number of 





ordinary eight-knot steam launches, fitted with outrigger 


torpedoes, might just as well be away on the China station | 


as any way in the neighbourhood of an enemy’s ironclad, 
= of doing 12 knots, for all the harm they would do her. 


the ironclad would have to do would be to keep run- | 


ning at a little slower speed.than her Lilliputian foes, and 
sink them in detail as they came within range. 


On the other hand, take the case of the same ironclad | 


appearing off one of our ports defended by a fleet of 
till she came in we eae | close to use her guns—say, three 


miles at the outside—w 


knot torpedo boats. Nothing would require to be done | 


upon as being bull’s-eyes. Add toall these difficulties, men 
comparatively unaccustomed to shooting, firing at an un- 
certain distance from a moving | egges 9s at a target moving 
twice as fast as the running deer, when the torpedo boat 
is in chase of an ironclad, or five times as fast if the iron- 
clad is caught napping, and some idea may be formed of 
the difficulty of hitting these boats. 

Then if they were hit no small arm bullet would pene- 
trate any part of them at even comparatively close es, 
on account of the obliquity of the surfaces exposed, while it 
is calculated that large guns firing Shrapnel, if the aiming 


en, if half a dozen or a dozen | were accurate, and the distance correctly ascertained, 


18-knot torpedo vessels were launched against her, they | could only send 1} bullets for each round into the area 
would be alongside in half an hour from the time of | exposed by a vessel as largeas the Lightning at 1000 yards. 
their starting, even if the ironclad got away at once, and | In considering the question of the safety of the attacking 


used her utmost speed in escaping. If the torpedo vessels 


boats, I do not think that sufficient value is given to the 


were armed with the Whitehead torpedo, it would not be | demoralising effect of the stealthy approach of a vessel 
carrying so tremendous a weapon as a torpedo. 


necessary for them to go close alongside, and so they would 
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be less easily hit ; but the danger of hitting objects running 
at even the slow speed of six knots per hour, or 10 ft. per 
second, erwry * v the ironclad is very slight indeed. 

t year at Wimbledon there were shots fired at 
the running deer—a moving at the rate of 6 ft. per 
second, and out of theses! , fired from a fixed platform,’ by 
men who almost mak: a business of shooting—only one in 
ten hit the bull’s-eye at 110 yards ; while if the target was 
stationary, nine shots out of ten could always be depended 











| The French officers on board the Coligny cauing the ex- 
periments at Cherbourg said they experienced a decidedly 
uneasy feeling when they saw the two small grey-coloured 
boats gliding silently up, a feeling somewhat akin to that 
experienced on the approach of a deadly snake. ° : 
he most valuable experience however was acquired 
during the American War, and Lieutenant Cushing thus 
describes the dangers he ran from bullets while sinking the 
Confederate ram Albemarle, and the small effect they had 
on him and his party : 

‘The rebels sprung their rattles, rang the bell, and com- 
menced firing, at the same time repeating their hail, and 
seemed much confused.”’ 

And again : ; 

‘‘ Three bullets struck my clothing, and the air seemed 
full of them.”’ 

The result of all this firing was—‘‘ the most of our party 
were captured, some drowned, and only one esca be- 
sides myself, and he in a different direction.’”” But he 
makes no mention of any having been shot. ; 

The question is often asked, what is the best kind of 
| torpedo for these boats? and it is a difficult question to 
answer. For the 57-ft. sizes, such as supplied to the 
Scandinavian Governments, and the 67-ft. ts, such as 
supplied to the French Government, I should say that 
either the outrigger, or a modification of the Harvey tor- 

0 is the best, as these boats could not carry the ite- 
ead torpedo, with its launching and air-compressing gear 
| The Harvey torpedo might be used for the — class 
| of vessels, but I think the outrigger and the Whitehead 

torpedo are the preferable weapons. 
he Whitehead is generally considered the safest 0 
to use, but if the men have to expose themselves on ’ 
| even at 500 yards distance from their enemy while —, 
| ing it, I almost fancy it would be better to have them 
| under cover, and run the extra risk from the larger missiles, 
| and to go close alongside, with the outrigger torpedo. The 
operation would, T think, be more certain in its result. — 
As anillustration of what may be done safely in going 
i vessels, I may instance the 
nited States steamer Minne- 





alongside and attacking 
daring attempt to sink the 
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sota, by Captain Hunter Davidson, of the Confederate 
navy. This officer proceeded from Richmond to Hampton 
Roads, in a small steam launch, armed with a torpedo con- 
taining 60 lb. of gunpowder. Leaving Richmond in the 
evening, he travelled all night, and during the day hid him- 
self and his vessel in a creek. He arrived in Hampton 
Roads the next night, and in going alongside the Minne- 
sota he was hailed, and ultimately fired at ; but such was 
the confusion, that he not only succeeded in exploding his 
torpedo, but in escaping safely back to Richmond, although 
firing and signalling were going on in all directions, and 
his engineer could not get his engine (a single cylinder one, 
which would hang on the dead centre) to start for some 
considerable time after the explosion of the torpedo. 

I believe the best defence against attack from these tor- 
pedo boats is to have other and similar boats steaming 
round the vessel to be protected, ready to ram or otherwise 
destroy the attacking boats. Possibly some modifica- 
tion of the hand grenade might be used for this purpose. 
Such guard-boats should have as much speed as the 
attacking boats, and arrangements should be made for 
hoisting them on deck, when they are not uired for 
guard duties. We have designed some small-sized boats 
for this purpose, but I think the 57 ft. type is quite small 
enough for sex work, and her weight of 7 tons is not a 
difficult problem to grapple in the way of re - 

The principal danger run by our boats is, undoubtedly, 
that of being sunk, and I have thought, for some time 
past, that it would be better to abolish the thick bullet- 

roof plating in their construction—excepting that imme- 
diately over the engine-room—and to use ordinary plating 
instead. The weight saved could then be used in the 
bottom, in the form of half bulkheads, sufficiently high to 
reach above the water-line at every third or fourth frame 
along the bottom ; these half bulkheads are shown in red, 
for the sake of illustration, on the hull of the French boat 
in Fig. 5. If a shot penetrates the boat, it does not 
follow that any of the crew will be struck by that par- 
ticular shot ; but it does follow that if the shot goes through 
the bottom, water will enter, and, unless the quantity is 
limited, the boat will sink. The half bulkhead protection 
limits the quantity of water that will enter, and, I should 
say, there would be no difficult whatever in plugging up 
the hole made, and afterwards pumping the water out by 
means of the bilge-pumps. 

Doubtless, some of my audience may see some other ways 
in which these boats may be improved, and I shall feel 
grateful for any suggestions in this way. The adoption 
of these suggestions, however, would depend on the 
responsible officers of the Governments ordering the 
boats, but I may say that, so far as my partner and 
myself are concerned, we are always willing to adopt any 
improvements, and we never knowingly allow any bad 
design, bad materials, or bad workmanship to pass from 
our works. 

In conclusion, I beg to tender my thanks to the Council 
of this Institution for the opportunity they have afforded 
me of describing our boats, and to you, gentlemen, for the 
patience with which you have listened to what I have had 
to say. 








STEAM BOILERS AND ENGINES FOR 
HIGH PRESSURES.* 
By Mr. Lorrus Perxrns, of London. 

Tue object of this paper is to bring before the Institu- 
tion -- for generating high-pressure steam, say from 
250 Ib. to 1000 lb. per square inch, and working it with 
great expansion and perfect safety, in conjunction with 
simplicity and durability. Sixteen years ago the author, 
conjointly with Professor Williamson, read a paper on this 
subject at a meeting of this Institutionin 1861. ‘The engine 
and boiler then described have been in use ever since, and 
recently became the property of a gentleman who for 
several years has had another boiler and engine on the same 
system at work. The boiler and engine of 1861 are to be 
re-erected at the new works of the Sub-Wealden Gypsum 
Company, at Battle near Hastings, and are to form part of 
a steam plant consisting of three sets of boilers and engines, 
&c., on this system. Since 1861 many improvements have 
been effected, and are embodied in the engines recently 
constructed and illustrated in the accompanying diagrams. 

In generating steam of the high pressure required to 
realise a fuller benefit of expansion, it has previously been 
found impossible to combine in the boiler great strength 
and safety with durability ; if the former are secured, by 
reducing the internal dimensions and capacity of the boiler, 
the impurities passed in are fatal to the latter. In work- 
ing @ marine engine which was designed to use water dis- 
tilled from sea-water, the author found that, although ex- 
treme care was taken to separate all the impurities from it 
before it was introduced into the boiler, the internal surfaces 
were in the course of time seriously injured. In the same 
manner, ordinary marine boilers using surface condensation 
have been injured when there has been an insufficient supply 
of sea-water to form a protecting scale on the exposed 
internal surfaces. This led the author to seek for a remedy, 
which he succeeded in discovering, and adopted with abso- 
lute success. This was the use of nothing but fresh water, 
or distilled fresh water in the boiler, used over and over 
ay , without a admixture of sea-water or the products 
of sea-water, and this was easily accomplished, as the 
machinery in question had been designed to avoid any leak 
whatever, and the amount of waste that did take place 
from glands, &c., was so small in quantity, that no practical 
inconvenience was found in prowding the tmall supply of 
fresh water required to make good the waste that did 
occur. 

The means taken to secure the soundness of all the joints 
and parts of the machinery were the same as those which 
had previously proved successful in the manufacture of the 





high-pressure heating apparatus which the author and his 
firm have been making for rgrents of 45 years, and which 
has continued to work with the same water with which it 
was originally charged, without any destructive effect on 
the internal surfaces. Many sets of this heating ap tus 
have been working 40 years without decay; and some 
specimens of tubes from the boiler that was described in the 
former paper in 1861, which were cut out of this boiler for 
the Admiralty Boiler Committee in 1874, were found to be 
in such a remarkably good state of preservation that the 
committee made a special report on the system, which was 
laid before Parliament, and the specimens referred to are 
now shown on the table by the kind permission of the com- 
mittee. The committee examined the condition of the boiler 
and cylinders of the engine at the writer’s works, which 
were opened for the purpose, in the presence of the com- 
mittee ; and found the tubes of the boiler in a remarkably 
good state of preservation after having been in use nearly 
thirteen years, and the piston packing and valve rings made 
of the special metal were found in excellent condition after 
eighteen months’ working without lubrication since last 
examined. 

The possibility of using water‘which did not injure the 
inte surface of the boiler enabled the author to design 
the boiler on a system that combines maximum strength 
and safety. The horizontal tubes are 2} in. internal and 
3 in. external diameter, excepting the steam collecting 
tube, which is 4 in. internal and 54 in. external diameter. 
The horizontal tubes are welded up at each end } in. thick, 
and connected by small vertical tubes of { in. internal an 
1,5; in. external diameter. The firebox is formed of tubes 
bent into a rectangular -¢ placed 12 in. apart, and 
connected by numerous small vertical tubes { in. interna 
diameter. ‘The body of the boiler is made of a number of 
vertical sections, composed each of eleven tubes, connected 
at each end by a vertical one ; these sections are connected at 
both ends by a vertical tube to the top ring of thefirebox, and 
by another to the steam collecting tube. The whole of the 
boiler is surrounded by a double casing of thin sheet iron, 
filled up with vegetable black to avoid loss of heat. Every 
tube is separately proved by hydraulic pressure to 4000 Ib. 
per square inch, and the boiler in its complete state to 
2000 lb., this pressure remaining in some hours without 
showing any signs of leakage. Experience ofa very ex- 
tensive character has proved that this construction of 
boiler can be worked safely, with great rity, and 
without priming, and that the steam Top meny is remark- 
able for its freedom from moisture. The area through the 
vertical connecting tubes is found ample for allowi 
free escape of the steam, and for the prevention of injury 
from overheating of the tubes in contact with the flame. In- 
jury arising from a prolonged stoppage of the feed supply is 
a casualty to which all boilers are liable, but with this con- 
struction of boiler the small capacity of the sections reduces 
toa minimum any danger arising from such injury, and 
facilitates rapidity of repair. ; : : 

The engine has three cylinders ; the first is a single-acting 
high- ressure cylinder, and the second also a single-acting 
cyli om four times the capacity of the first ; these two cy- 
linders are bolted together inthe same straight line, and have 
a common piston-rod. The third cylinder is double-acting, 
four times the capacity of the second, and its piston-rod is 
connected to a crank at Am ae angles to the other crank. 

Having safely generated steam of _ —" at say 
350 lb. per square inch, a serious difficulty to be over- 
come in using it, from the high temperature affecting the 
lubrication of the pistons and packing of the glands. This 
difficulty the author has succeeded in overcoming by intro- 
ducing the high-pressure steam into the upper end of the 
first cylinder, where there is no gland, and where the 
piston is formed so as to require no lubricating material. 
The steam is cut off at about half stroke in this cylinder, 
and when it is admitted for the return stroke into the 
bottom of the second cylinder, of four times the area, 
the temperature is so much reduced as to cause no diffi- 
culty when brought into contact with the piston-rod 
gland. From the bottom of the second cylinder the 
steam expands into the top of the same cylinder,~which 
is of larger capacity than the bottom, and serves asa 
chamber, and is in di communication with the valve 
box of the third cylinder ; this last is double-acting, and is 
arranged to cut off at about a quarter stroke, and at the 
termination of the stroke exhausts into the condenser, with 
a total expansion of about thirty-two times. All the 
cylinders are jacketted with wrought-iron tubes, which 
are cast in the metal, and supplied with steam direct 
from the boiler, the conde water from the jackets 
being conveyed to the hot well. The whole of the 
cylinders and valve boxes, &., are enclosed with a 
double case of thin sheet iron, filled in with vegetable black 
to prevent the escape of heat, and at the same time to main- 
tain all the parts at a high temperature. ; 

In working these high pressures with great expansion the 
ordinary mode of packing the pistons was found unsatis- 
factory, and to overcome the difficulty the compound 
piston was devised. The prevalent scoring and cutting of 
engine cylinders was effectually remedied by the discovery of 
the compound metal, of which the packing rings are made, 
which requires no lubricating material. Many cylinders 
fitted with piston rings made of this metal have been 
several years at work, and have been often examined, the 
cylinders showing no signs of wear, the wear taking place 
on the rings only, which may be easily and erg corset | 
renewed as required, and experience has proved that wi 
these pistons, the longer an engine is worked the more 

rfect does the surface of the cylinders become, and the 
on wear results to the ee PY gal for 

iston packing rings is composed of 5 parts tin parts 
a , and has since been used by several other makers for 
ordinary engines with great success. When this metal is 
used, no oil or grease is required to lubricate the cylinders 
—a + advantage, particularly where the engines are 





* Paper read before the Institution of Mechanical Engi- 
neers. 


dj outside them. The tubes are fin. internal and 1 


of the | s 


Coquimbo of the Pacific Steam Navigation Com were 
fitted with these packing rings, and it was repented by the 
superintendent engineer that the cylinders, which were 
previously rough and slightly grooved, were in the course 
of two or three voyages, or about 10,000 miles’ ran, 
brought up toa beautiful smooth surface, and had since 
kept in capital order, giving no trouble whatever. After 
having been once brought up to a smooth working surface, 
the packing rings did not wear the cylinders; the wear of 
the rings was also very slight, and the friction greatly re- 
duced, and one-third of the lubrication necessary for cast- 
iron rings was found sufficient. In the torpedo vessels 
made for the French Government, Messrs. Thornycroft 
found these packing rings for the engine pistons a great 
advantage, as there was no chance of the cylinders 
scored ; and they were enabled to run the two hours’ tri 
easily, at the high speed of about 430 revolutions per 
minute, without using any oil or grease in the cylinders. 
In an engine at the Dorking Grey Stone Lime Company’s 
works, the manager reported, after 2} years’ use of these 
poring sags for the piston, that they required no 

of any kind, and worked the cylinders to a polished face 
and needed no looking to until worn out; a set of rings 
lasted about 100 days, working at the usual high steam 
pressure of 4001b. per square inch. 

The surface condenser used is constructed of a number 
of vertical tubes in such a manner as to be absolutely tight, 
so as to insure that the condensing water inside the tubes 
shall not mix with the water from the condensed steam 
in. 
external diameter, welded up at the top end and fixed 
securely in a tube plate at the bottom. These tubes are 


1 | fitted with internal tubes, Fg at both ends, which are 


fixed in a division plate at the bottom, in order to cause 
the condensing water to circulate to their extreme ends. 

A small still, worked by a steam coil, is used to distil 
water for replenishing any small waste that may take place 
in the feed supply. A duplicate apparatus forms part of 
the ordinary equipment of a sea-going vessel, to furnish 
steam from sea-water, for blowing the steam whistle, cook- 
ing, supplying distilled water for use of passengers and 
crew, a for all other purposes where distilled water is 

uired. 

n designing the machinery described, provision is made 
for passing any waste steam from the safety valves, &c., 
into the surface condenser, and the great strength of the 
boilers allows a = of 1001b. per square inch or more 
to exist between the load on the ee and the pres- 

mre required to work the engines. en this system is 
fully carried out in steamships, the author would deem it 
aa safe, and more than ample for making the waste 
prone, beyond the water in 


water in the proportion of 
10 ons per 24 hours per 100 indicated horse power. As 
an instance of the practical feasibility of aprrng out the 
system of machinery that has been described, it may be 
stated that a boiler containing only 300 gallons, and an 
engine working at 250 Ib. pressure and 250 indicated horse 
wer, were worked night and day continuously thirteen 
ys (one Sunday excepted) without requiring any addition 
to make good the waste of working, nor at the end of the 
trial was there any appreciable difference in the water level 
of the boiler. 

In the indicator diagrams exhibited, the two upper dia- 
grams are taken from the working of a pair of marine 
engines on this plan of 70 nominal horse power, and the 
coal consumed averaged 1.621b. per indicated horse power 
per hour. In this case there was no vacuum and no low- 
pressure cylinder, and the terminal pressure was 21 lb. per 
square inch above the atmosphere ; the boiler pressure was 
3001Ib. per inch. With the addition of a low-pressure cy- 
linder and a vacuum, the author considers it may safely be 
estimated that this system, properly carried out, will realise 
an average duty of one horse power for each pound of coal 


per hour. 


of water from all sources, to 
the boilers, a supply of fres 








Victorian Raitways.—Another section of the Geelong 
and Colac Railway —from Winchelsea to Birregurra, a dis- 
tance of 13 miles—has been opened for traffic. It is ex- 

cted that the line will very shortly be completed to Colac. 
Tt is also expected that the Hamilton line will shortly be 
opened to Glen Thompson. 





Tue Stwace or BrrMiIncHAM.—It appears that the 
corporation of Birmingham are still under difficulties in 
regard to the 4 of their sewage. Under injunction 
of Chancery, and the opposition of the large landholders 
adjacent to the town, they have hitherto been unsuccessful 
in patting into operation any scheme. An inquiry is now 
being held at Birmingham by Mr. J. T. Harrison, C.E., 
the Government Board inspector, as to the advisa- 
bility of forming a united ry district for fete of 
sewerage and the objects of the Public Health Act of 1875, 
for Birmingham and the surrounding districts, or any part 
thereof. The corporation has rae | spent an enormous 
sum in purification works at Saltley which had greatly im- 

roved the condition of the Tame, into which all the sewage 
a hitherto been passed. Nothing finally effectual, how- 
ever, can » done oe pre Prag ety a of the rm 
districts ; hence the proposal for a uni' rainage scheme 
embracing Wednes , Walsall, Handsworth, Bilston, 
and Wolverhampton, which send down an immense quantity 
of sewage to Birmingham, increasing the difficulties of the 
authorities of that town. These various districts extend 
over an area of 20 miles in one direction and 21 in another, 
and thus are too extensive to be worked under the pro- 
visions of the 1875 Act. It it proposed to deal with the 
scheme by means of intercepting sewers, to be constructed 
at the e of the districts from which the sewage pro- 
ceeds. The object of the Birmingham is to 
secure as perfect a system as they possibly can for cleans- 





fitted with surface condensers. 
The high-pressure pistons in the steamers Atacama and 





ing the river, all their attempts to do so having hitherto 
entirely failed. 
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CAPILLARY ELECTROMETERS. 


In our notices of the late Loan Collection of Scien- 
tific Apparatus at South Kensington we described 
the principal forms of those electrometers which 
depend for their principle upon the repulsion or 
attraction which invariably takes place, or tends to 
do so, between two neighbouring conductors, simi- 
larly or dissimilarly electrified, when either or both 
are free to move; and we there referred to a small 
but very interesting class of instruments differing 
altogether from those previously described, their 
indications depending upon a different principle. 





To this class belong the electrometer of Lipp- 

















mann and the modifications of it which have been 
devised by Marey, Jung, Professor Dewar, and 
others, and which are in principle based upon the 
discovery made by Lippmann in 1873, that minute 
differences of electrical potential can be detected 
and measured by the alteration of tension of the 
surface separating mercury from diluted sulphuric 
acid which accompanies changes in the difference of 
potential between those substances. 

Lippmann’s electrometer, which is represented in 
Fig. 1, consists of a vertical glass tube about a metre 
in length and seven millimetres in diameter, drawn 
out at its lower end to a fine capillary point of a 
diameter of only a few thousandths of a millimetre. 
This capillary end dips into diluted sulphuric acid 
(one part of acid to six of water) which floats upon 
a substratum of mercury contained in a cylindrical 
glass vessel rigidly-fixed below the vertical tube, 
into which mercury is poured to a height at which 
its vertical pressure is sufficient to force mercury 
into the capillary portion of the tube, but not 
enough to cause it to escape through the capillary 
orifice ; this height is, more or less according to the 
diameter of the fine tube, about 750 millimetres 
(29% in.). The small portion of the tube is curved 
and presses against the vertical side of the cylin- 
drical vessel so as to be in the focus of a micro- 
—_ fixed in a horizontal position opposite to it, 
and which magnifies about 250 times linear, This 
microscope is mounted on a little tripod supported 
by levelling screws arranged on the “ hole, groove, 
and plane” principle of Sir William Thomson, that 
is to say, of the levelling screws (all of which have 
their points rounded), one rests in a little triangular 





conical cup, another in a longitudinal V-shaped 


groove, and the third on a plane surface, so that the 
osition of the microscope in azimuth is wy 
efined and all tendency to vibration is eliminated. 
The eye-piece of this part of the apparatus carries a 
micrometer, and by it the position of the meniscus 
which terminates the mercurial column in the capil- 
lary tube can be measured with extreme accuracy. - 
The mercury in the vertical tube is in metallic 
communication with one electrode of the instrument, 
the other electrode being connected with the mer- 
cury in the lower vessel. The upper portion of the 
vertical tube communicates by a flexible tube with 
a small air press placed below the stand of the elec- 
trometer, and is actuated by a handwheel or lever 














(see Fig. 1). By this contrivance the pressure 
above the mercury may be varied at pleasure, its 
amount being indicated by a syphon manometer 
connected to the air-press by another flexible tube, 
and mercury may by it be forced through the capil- 
lary point. 

Upon connecting the positive pole of a voltaic 
couple with the lower electrode of this electrometer, 
and the negative pole with the upper electrode, the 
mercury in the capillary tube retreats from the ori- 
fice, the amount of its displacement being dependent 
on the pressure of mercury at that point, and the 
electro-motive force of the couple. In measuring 
the electro-motive force of a voltaic element the 
meniscus at the lower limit of the mercurial column 
is forced back to its original or zero position seen in 
the micrometer eye-piece, the pressure required to 
do so being indicated by the reading of the mano- 
meter which bears a relation to the electrical forces 
which forced the mercury back, and therefore to the 
difference of potential between the two poles of 
the couple to be tested. An example of this instru- 
ment formed part of the recent Loan Collection of 
Scientific Apparatus, 

Fig. 2 represents the modification of Lippmann’s 
electrometer. devised by Professor Marey, which is 
employed by Dr. Burdon-Sanderson, F.R.S., in his 
researches upon the electrical disturbances which 
accompany muscular and certain sensitive movements 
in plants and animals. It consists of a horizontal tube 
A, drawn to a capillary point (about one-hundredth 
of a millimetre in diameter), which dips into diluted 
sulphuric acid in the larger horizontal tube B, the 
further end (which contains mercury, kept from flow- 
ing out bya plug of cotton wool at C) has fused into it 
a platinum wire connected to the electrode N of the 
instrument. The capillary tube A also contains 
mercury which can be put under pressure by the 
screw clamp E which presses on a small bag of india- 
tubber, the clamp being actuated by the mill-headed 
screw F, The mercury contained in A is in con- 
nexion with the electrode M. The two electrodes 
can, by a connecting piece P, be “‘ short circuited,” 
so as to keep them at the same electrical potential 
when . Both tubes are rigidly attached 
to a frame which slides in. dovetail guides, longitu- 
dinal motion being given to it by a micrometer 
cen Spring seus et nan ss Saceee which 
is up to its work by a spring bearing against 
the other ah The whole instrument measures 
but 8 in. by 1} in., and is placed on the stage of an 








ordinary microscope, the eye-piece of which is fur- 
nished with a micrometer which constitutes the 
scale of the instrument. 

In observing with this electrometer the two elec- 
trodes are connected together, and the pressure in the 
capillary tube is first increased by the clamp E until 
mercury escapes from the fine point, and then dimi- 
nished, when the meniscal surface retreats to a 
certain position, the micrometer being so adjusted 
that its zero line appears tangential to that surface ; 
the instrument is then at its zero or starting posi- 
tion. Upon disconnecting the two electrodes from one 
another, and connecting them respectively with any 
electromotive arrangement or structure interposed 
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between them, the meniscus in the capill: 
its position, retreating from the point if the 
which it is connected be at a negative potential and 


moving towards the point if the potential of the 
body be positive. The difference of tension thus 
indicated might be estimated, as in Lippmann’s in- 
strument last described, by measuring the difference 
of pressure necessary tp bring the mercurial index 
back to zero, but Dr. Burdon-Sanderson finds it 
more convenient to measure the difference of sur- 
face tension by observing the distance travelled by 
the meniscal surface from its zero position; and b 
means of the micrometrical arrangements to whi 
we have referred, this distance may be accurately 
measured the one-hundredth part of a millimetre, 
Fig. 3 is a diagram illustrative of the arrangement 
adopted by Dr. Burdon-Sanderson in his electro- 
physiological researches for measuring the electro- 
motive force developed in plants and animals at 
the moment of muscular and other contractile 
movements, This arrangement is almost identical 
with that devised by Mr. Latimer Clark for compar- 
ing by means of the potentiometer the electro- 
motive force of a voltaic couple with another couple 
whose electro-motive force is known, which method 
is based on that megs Perge 07 by .Poggendorff 
for the same purpose. e chief points in which 
Dr, Burdon-Sanderson’s latest arrangement differs 
from Mr. Latimer Clark’s are that Dr. Burdon-San- 
derson employs Lippmann’s electrometer in the place 
of a second galvanometer, and as the minute electro- 
motive force of an organic tissue or structure has to 
be measured instead of that of a voltaic couple, cer- 
tain madifications of the potentiometer have to be 
made in order to adapt it to so delicate an investi- 
tion. 
onthe tentiometer of Mr. Latimer Clark consists 
of a vulcanite cylinder, which revolves on its axis 
like a Wheatstone’s rheostat. Around this cylinder 
is wound about ten metres of platinum or platinum. 
iridium wire, about half a millimetre in diameter ; 
the ends of this wire are connected to the axes of 
the cylinder, which work in blocks of metal in 
mercurial contact Seotesd the te reg ar- 
rangements are so di t a sliding contact 
piece, by touching the coil at any point in its length, 
so varies the resistance of the circuit that a position 
is readily found at which the electrical potential is 
exactly the same as that of an interposed electro- 
voltaic cell whose electro-motive force is to be 
measured, this position being indicated by the gal- 
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vanometer remaining at its zero position, showing 
that no current is passing through it, or that all 

i ing forces are neutralised. 

forces which are the object of the physiological 
researches of Dr. Burdon-Sanderson are, however, 
so exceedingly small as com to those produced 
in voltaic arrangements, that a modification of 
the potentiometer had to be made in order to adapt 
it to such small measurements as that of the electro- 
motive force developed between the base and apex 
of a batrachian heart, or of electro-motive forces very 
much smaller still. In the potentiometer employed 
for this investigation the sliding contact piece works 
on the last twentieth of the length of the wire, 
the divisions indicated by its index and scale re- 
presenting fractional parts not of the whole wire but 
of the last twentieth of its length. 

On referring to the diagram, Fig. 3, it will be 
seen that the two blocks of the potentiometer, or in 
other words the extreme ends of the wire coil, are 
connected up with two separate batteries in such a 
way that they béth send a current through the coil 
in the same direction. The circuit of the more 

werful battery (two Daniell cells) has interposed 
in it a resistance or rheostat by which its strength 
can be varied, and in the other circuit there isa 
Thomson's galvanometer. From this arrangement 
it is clear that if the difference of potential main- 
tained by the Daniell battery between the two ends 
of the coil of the potentiometer be greater than that 
of the standard cell, the battery will overpower the 
cell and send a reversed current through it; if, on 
the other hand, the difference of potential be less, 
then both the battery and the cell will jointly send 
a current through the coil. By adjusting the resis- 
tance in the battery circuit. by means of the resis- 
tance box or rheostat, the difference of potential 
between the two ends of the coil can be made exactly 
equal to that: between the poles of the standard cell, 
no current through the galvanometer and 
the standard cell remains inactive ; it is, therefore, 
in a condition to be compared with the electro-motive 
force of a muscle, heart, or other electro-motive struc- 
ture under investigation, which is placed on a small 

lass plate, and in order to avoid local voltaic action 
fa the heart itself it is connected in the circuit of 
the rest of the apparatus by means of unpolarisable 
conductors which consist of silk threads moistened 
with sodium chloride. In the case of the heart 
these threads are tied round the base and apex of the 
organ respectively, and pass into syphon tubes filled 
with Stourbridge clay, which are impregnated with 
a solution of sodium chloride, and which constitute 
the electrodes of the instrument, When it is desired 
to keep the muscular vitality in action for a consider- 
able time, the apparatus containing the muscular 
structure must be enclosed in a glass chamber, the 
—— of which is kept saturated with moisture. 
One of these electrodes is connected to one end of 
the electrometer, and the other electrode to the 
other end through a portion of the potentiometer, 
the length of which is determined by the position of 
the sliding piece on the scale, and which gives the 
value of the electro-motive force of the structure 
under investigation in terms of proportional parts 
of the standard cell, Dr. Burdon-Sanderson, with 
whom has been associated Mr. F. J. M. Page, has 
sound that when the heart is at rest, the electrical 
potential of its base is slightly positive to that of its 
apex, but at about one-sixth of a second before 
muscular contraction takes place. this difference of 
potential is suddenly reversed, the movement of the 
mercury in the electrometer indicating that at that 
instant the apex becomes positive to the base.* 

In concluding this subject, it may be well to say 
that the standard voltaic cell of Mr. Latimer Clark 
consists of a glass vessel containing pure distilled 

as the negative element, which is covered 
by a paste made by boiling mercurous sulphate in a 
saturated solution of zinc sulphate. Upon this paste 
rests a disc of the purest distilled zinc which forms 
the positive element.+ 

Professor Dewar's electrometer (also founded 
upon Lipp:nann’s discovery) consists of two cylin- 

i lass vessels containing mercury, u which 
floats diluted sulphuric acid. These vessels are con- 
nected together by a horizontal glass tube, bent 
down at right angles at each end so as to dip into 
them, and containing mercury. When the mercury 
contained in the two vessels is at the same electrical 


* For the researches of Dr. Burdon-Sunderson on the 
electrical disturbance developed in the leaf of the Dionwa, 
see a of the Royal Society, No. 177, 1876. 

+ For a full description of this standard battery, see 
Philosophical Transactions, vol. 164, page 1. 








potential, a globule of diluted acid in the horizontal 
portion of the tube, which serves as an index to the 
instrument, and which separates the column of mer- 
cury into two portions, remains at the centre or zero 
point of the tube ; but if there exist any difference 
of potential between the two vessels there is at once 
established a difference of surface tension between 
the opposite ends of the globule, causing it to move 
along the tube towards that vessel which is at the 
lower potential, the amount of its displacement 
being indicated by a scale placed behind the tube. 

In a more recent form of this instrument, which 
we illustrate in Fig. 4 on the preceding page, Pro- 
fessor Dewar dispenses with the two upright portions 
of the connecting tube, leaving only the central hori- 
zontal portion, the two ends of which pass through 
the sides of the cylindrical vessels a little below the 
surface of the mercury. 

With this electrometer, which is constructed by 
Messrs. Tisley and Spiller, Professor Dewar states 
that it is possible to indicate and measure an electro- 
motive force equal to that of one ten-thousandth 
part of a Daniell’s cell. 
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Report of Chief Engineer J. W. King, United States 
avy, on European Ships of War and their Armament, 
Naval Administration and Economy, Marine Con- 
structions and Appliances, Becheardn §c. Washing- 
ton: Government Printing Office. 
Tue scope of this report is well explained by its 
title, and when we say that the promise of the title 
has been well fulfilled, it will be evident that Mr. 
King has produced a volume which, at the present 
time especially, possesses more than ordinary 
interest. It may appear semewhat curious to have 
to refer to a report toa t torobtain 
information ing oure@wm naval force, but it 
is nevertheless a fact that-no book i in this 
country contains.so full an account of-the vessels. of 
our navy and their armament, é&e:, as is contained in: 
Mr. King’s report. We ourselves have from time to 
time published accounts of all new vessels added to 
our navy, and Mr. King has, as he acknowledges, 
availed himself of our pages, while he has also drawn 
information from other current publications and 
Government blue-books, but apart from the facts 
thus gleaned, he has collected a vast number of 
other particulars which have not, so far as we are 
aware, been published at all, while he has supple- 
mented his descriptions by numerous sketches illus- 
trating special points of arrangement and detail. 

The whole report consists of 273 octavo pages, 
and of these 130 are devoted to descriptions of 
vessels in the British Navy, while about 80 pages 
more treat chiefly of our marine engines and boilers, 
our dockyards, and our naval administration, so that 
the navies of other European countries are dealt 
with briefly by comparison. Seeing that Mr. King 
evidently has the capacity for collecting informa- 
tion, the fair deduction to be drawn from his report 
is that the opportunities afforded abroad were not 
so great as he met with in this country, but he 
has nevertheless managed to collate a number of 
facts relating to foreign navies which just now 
possess much interest. 

In the section of his report treating of marine 
engines Mr. King points out the overwhelming 
evidence in favour of the compound system, and 
says: ‘As yet, by no satisfactory device except 
‘* compounding have great expansion and consequent 
‘““economy of fuel been obtained at sea. In the 
‘*face of these facts, further discussion on the 
‘* subject of adopting the compound engine for the 
‘“ vessels of our own navy is as useless as would be 
‘‘ the discussion of the relative merits of the screw 
‘propeller and paddle wheel for ships of war.” 
Mr, King also devotes a special section of his report 
to boilers, another to sea-valves and cocks, and 
steering gear, and others to torpedo boats, &c. 

Altogether the report under notice contains much 
valuable and interesting information, and it forms a 
volume very creditable to its author. 








The Architect’s Guide, being a Text-Book of Useful In- 
formation for Architects, Engineers, Surveyors, Con- 
tractors, Clerks of Works, &c. FREDERICK RocEks, 
Architect. ion: Crosby Loe! and 


Co. 
Mr, Rogers has produced a book of a very unsatis-| posed 


factory kind. There is no doubt some sound in- 
formation contained in the volume before us, but 
we doubt if there is any which is not conveyed in a 
better form by other existing text-books, while the 
whole work is marred by bad arrangement and 


careless editing. This is the more inexcusable, as 
the preface informs us that the ‘“‘ work contains the 
‘* most valuable of the materials and tables before 
** published in the ‘ Architect’s Guide’ and the 
‘* ¢ Architect’s Text-Book,’ revised and corrected to 
‘* the present time,” so that it is evident the oppor- 
tunity for revision has existed. 

The book commences with an essay ‘‘ On the Pro- 
fession of an Architect,” by Mr. R. W. Billings, and 
this we do not hesitate to say is the best thing in the 
volume. This essay Mr. Rogers follows with a few 
pages of historical notes on vaulting, and he then 
proceeds to insert a number of extracts from ‘ The 
Architecture” of Leon Batista Alberti, who flourished 
early in the fifteenth century. Alberti was no doubt 
a very good man in his day, but his writings, although 
of much interest, are scarcely of service to modern 
architects, and extracts from them appear to us 
entirely out of place in such a book as that now 
under review. 

Having got rid of the extracts from <Alberti’s 
writings our author next introduces a chapter on 
“ Shade and Shadow Casting,” and by way of variety 
follows this up with an example of a specification 
for a dwelling-house and a form of contract, and 
then makes a fair start with chapters treating of 
foundations, masonry, brickwork, concrete, and 
mortar. These chapters occupy about fifty pages, 
and they are on the whole good, although there is 
little in them that is not repeated over and over 

in in kindred works. The next section is on 
timber and carpentry, and here we find the author 
falling into the oft-repeated error of deducing the 
strength of large timber beams from experiments on 
small scantlings, and hence laying before his readers 
rules for transverse strength which in many cases 
give results some 30 per cent. too high—a most 
serious matter. Next we have a section dealing 
with ‘Iron Construction,” and consisting chiefly of 
the regular pocket-book rules for columns and 
girders, and then comes a page devoted to sewers, 


jand a short chapter on hydraulics, this being fol- 
lowed by directions for the measurement of work, 


preparation of estimates, &e, 

Having got so far, we are somewhat surprised to 
find ourauthor suddenly reverting to ‘‘ general memo- 
** randa as to the strength and weight of materials,” 
the first te 08 of these memoranda informing 
us that ‘+ wrought iron should not be strained be- 
** yond 10 tons per —— inch, and deal 2} tons 
‘* per square inch,” ‘The information that deal can 
be relied: upon for a strain of 2} tons per square 
inch is new toe us, while"we scarcely have faith in 
the 10 tom limit for wrought iron. A few pages 
further on, we are mysteriously informed that if 
‘“‘two rectangular beams have the same depth their 
‘‘ strengths are to each other as their depths,” and 
further, that ‘in cylindrical beams the transverse 
‘* depths are as the cubes of the diameter.” Two 
pages further we come upon a ‘‘ Table showing the 
" we of metal plate per square foot,” which con- 
tains figures founded on the assumption that a plate 
of wrought iron 1 in. thick weighs 24 lb. per square 
foot (!), the weights of the other metals being re- 
duced in a similarly singular way. 

The next section is a fairly written one on the 
supervision of works, and then follow one on warm- 
ing and ventilation, and some extracts from an 
essay on concrete by Mr. G. Godwin, written more 
than forty years ago, and therefore scarcely in 
accordance with modern practice. As an instance 
of Mr. Rogers’ carelessness we may remark that on 
page 132 we find him stating that ‘the idea that 
‘concrete should be thrown from a great height is 
“erroneous,” while on page 274 he quotes without 
comment Mr. Godwin’s dictum that concrete 
should be “ wheeled up planks so constructed as to 
‘* gain a fall of seven yards,” 

The volume is brought to a conclusion by a 
collection of wonderful ‘“ variora,” commencing 
with ‘*apostolic symbols”—or what Mark ‘Twain 
called the ‘‘ trade marks” of the saints—and dealing 
with church seats, wine bins, sides of polygons, 
bells, mice in partitions, and odd rules of various 
kinds, ‘Thus, amongst other things, we are in- 
formed that to convert square metres to square feet 
we must divide by ‘‘ 0.9293,” a rule which tends to 
impress upon us the fact that a square foot is a 
larger unit of measurement than is. commonly sup- 
We are also told to use other divisors to 
convert French measures into English, these divisors 
being based on the supposition that-a kilometre is 
longer than a mile, and so on, while to reduce 








English measures to French, we are to ‘‘ divide in- 
stead of multiply.” Mr. Rogers has also a curious 
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way of working out his examples. For instance, 
he gives the well-known rule for calculating the 
contents of cylindrical vessels, viz., ‘‘square the 
‘‘ diameter in inches, cut off one figure to the right, 
“‘ the remainder gives the number of gallons in 3 ft.,” 
and he then proceeds to work out an example thus : 
“7x7=4.9, or 4 gallons in 3 ft.” The idea that 
4.9 may be roughly taken as 4 gallons is amusing. 
But our author is not content with this; he is so 
fond of the rule apparently that a few pages further 
on he repeats it, and gives two more examples of its 
working, one of these examples being as follows : 12 
x 12=14/4, or 14 gallons 4 pints in 3 ft.” Applying 
this mode of dealing with the matter to the former 
example we should have 7 x 7 = 4/9, or 4 gallons 
9 pints, or in other words ‘‘ 4.9” would be more than 
5 gallons. We also find on page 322 a repetition of 
the table of weights of metal plates, with 
cation that in this case the weights which in the 
first table are applied to 1 in. plates are here applied 
to plates J, thick, an alteration which is an improve- 
ment. 

In speaking of Mr. Rogers’ tables we must not 
omit to notice a most remarkable one purporting to 
give the loads which solid cast-iron columns from 
24 in. to 12 in. in diameter will safely bear. From 
this table we learn that the safe load fora 12 in. 
solid column 6 ft. highis 143 tons, but that for every 
2 ft. such a column is lengthened it will bear 2 tons 
less! We also learn that a 3 in. column 24 ft. long 
will safely carry 2 tons 3 ewt. ; but this performance 
is thrown into the shade by that of a 24 in. column 
of the same length which the table informs us may 
be trusted with a load of 4 tons 15 cwt.! The table 
also teaches us some other wonderful things about 
the strength of columns, but we cannot devote more 
space to the examination of Mr. Rogers’ volume, 
and we must conclude by condemning it as one of 
the most carelessly compiled works we have come 
across for some time. 





A Treatise on the Law relating to the Pollution and 
Obstruction of Watercourses; together with a brief 
Summary of the various Sources of River Pollution. 
By CLEMENT Hiaarns, M.A., F.C.S., Barrister-at-Law. 
London : Stevens and Haynes. (Price 12s.] 

The work before us consists of two parts, of which 
the first treats of the Rivers Pollution Prevention 
Act, 1876, and the second of riparian rights and 
their protection, the information given on both 
these subjects being clear and well arranged. Mr, 
Higgins devotes his first chapter to defining what 
constitutes an offence under the Act of 1876, and he 
then proceeds in the four — which follow to 
describe different kinds of pollutions such as those 
arising from the throwing into a stream of solid 
matters, sewage pollutions, and the pollutions arising 
from manufacturing and mining operations. Having 
explained what pollutions are, the author next 
describes the modes of instituting proceedings 
against offenders, while he devotes the final chapter 
of the first part of his book to particulars of the 
facilities to be given to factories for draining into 
sewers. 

The second part of the work, treating of riparian 
rights, is divided into four chapters, of which the 
first two respectively describe riparian rights arising 
ex jure nature, and those arising by way of 
easements and custom, while bey he next 
treat of the protection of riparian rights by injunc- 
tion, and pipe action for damages for an infringe- 
ment of riparian rights. Finally there is an 
appendix containing eee provisions relating 
to watercourses, the vesting of sewers, &c. 

Mr. Higgins writes tersely and clearly, while his 
facts are so well arranged that it is a pleasure to 
refer to his book for information, and altogether 
the work is cne which will be found very useful by 
all interested in the subjects to which it relates, 





The Telegraph Office; or Simple Instruction in the Me- 
chanism of Instruments and Batteries, for Country 
Postmasters and others employed in small Offices where 
oe a Al ay Bo roe onl hes 
used. Com cers 0! Engineers emplo 
in the Postal BN ane Service. London, Paris, and 
New York: Cassell, Petter, and Galpin. 

We have here an unpretending little octavo volume 

of twenty-three pages, illustrated by eight litho- 

— lates. ‘The scope of the work is fully 

explained by its somewhat lengthy title, and we 


need only say that it is well suited to meet the 
wants of those for whom it has been written, its 
contents consisting simply of clear and concise 
directions for the management of the Leclanché and 
Daniell’s batteries, and the single needle and Wheat- 





e modifi- | The 


stone’s A B C instruments, these directions including 
notes of the principal defects likely to occur, together 
with instructions for remedying them. Altogether 
it is a very useful little handbook. 
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NOTES ON TORPEDOES.—XVIII. 
ELECTRO-MECHANICAL TORPEDOES, 

LooKIne on electro-mechanical torpedoes generally 
and judging them impartially, we must frankly own 
that we fail to see any special benefit to be derived 
from their use as obstructive agents, since in the 
first place they are very much more expensive than 
purely mechanical torpedoes, and in the second, it 
would be quite possible for an enemy to clear a 

age through them, though the experiment would 

e too dangerous to justify any attempt on the part 
of the defenders to recover them egain when no 
longer required for actual service. Hence it would 
appear that of the two classes purely mechanical 
torpedoes take a decided precedence, it being an 
accepted fact that one of the principal requirements 
of this particular section is, that having been once 
moored, it should be absolutely impossible to recover 
them again, as it is obvious that any system for so 
doing, however convenient it might prove to the 
defenders, would soon be discovered and turned to 
account by an enemy desiring to effect a passage 
through them. 

That electricity has not been adopted more ex- 
tensively—or at least received more attention—as 
an explosive agent for mechanical torpedoes of the 
cheaper kind, is no doubt owing to the additional 
expense that would be entailed even allowing the 
battery or accumulator were contained within the 
body of the charge case; true it might be argued 
that such an arrangement would be neater and more 
sensitive than the too often clumsy mechanical con- 
trivance employed to effect the same end, and that 
they would be comparatively more certain in their 
operation, This is of course all very well in its 
place, but then it is not neatmess or a high degree 
of sensitiveness that we look for in gear of this type 
so much as cheapness ; while as regards certainty of 
action, we can only say that any invention that 
cannot be guaranteed in this particular is not worth 
entertaining for a single instant. It therefore fol- 
lows that if the price is necessarily increased, the 
advantages claimed must be correspondingly greater, 
as few would care to pay, say, ten pounds for an 
article when one, in all materi points the same, and 
capable of performing with equal efficiency the same 
functions, could be purchased for less than half the 
cost. 

Now since it would be obviously impossible to 
construct an electro-mechanical torpedo that would 
be less expensive than a purely mechanical one, it 
would be necessary in order to obtain for electro- 
mechanical torpedoes any particular attention that 
they should some special point of merit over 
and above what are expected of and embodied in the 
purely mechanical type. The question then natu- 
rally enough presents itself, Of what is this specialty 
to consist of? There seems to us to be only one 
way of replying to this question, namely, to 80 
arrange the exploding agent as to render it abso- 
lutely impossible to recover them again within a 
given time after they have been once moored in 
position ; but that after the expiration of the said 
time they should be capable of being again re- 
covered without risk. e do not presume to say 
how this might best be effected, but shall content 
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and to demonstrate that we are not adventuring, 
a utterly devoid of foundation. 

gs. 102 to 107 on the next page illustrate an 
electro-mechanical torpedo of the type under discus. 
sion; it consists of a galvanised iron case of sufficient 
capacity for eontaining, in addition to the voltaic 
battery and mechanism, 100 lb. of compressed - 
cotton ; it is fitted with a wood top for socal 
the concussion of a ing ship, and is provided wi 
a suitable chamber in the centre of the top for the 
insertion of the bursting shell containing the 
cotton disc and fuzes, the merc circuit-closer, and 
battery cell. The gun-cotton is inserted in the case 
by removing the cap at the bottom to which the 
mooring ring isattached. We have thus an electro- 
mechanical torpedo complete in itself, devoid of any 
external appliances such as electric cables and battery 

xes. 


The general plan of the entire arrangement will 
be better understood after a careful reference to 
the views on the next page. 

Fig. 102 is a sectional elevation of the torpedo 
complete, A is the galvanised-iron case, B the wood 
top secured to the case by means of three galvanised 
wrought-iron lugs CCC rivetted to it at equidis- 
tances apart, D a cast-iron cap, E mooring ring, F 
battery cell fitted in a chamber G, H mercury 
circuit-closer, I bursting shell, and J filtering arrange- 
ment and self-acting plug for stopping the supply 
of water to the meg 6 

Fig. 103 is a plan of the top, and Fig. 107 « plan 
of the bottom. 

Fig. 105 is a sectional elevation of the electric 
battery, circuit-closer, bursting shell, stop plug, and 
filter, in fact, all the mechanism connected with this 
type of —— ; it has been drawn to an enlar, 
scale for the purpose of rendering the description 
of the several parts more lucid. is a cylindrical 
iron chamber for containing the battery cell rivetted 
securely to the galvanised iron charge-case B; Ca 
segment of the circular wood disc for receiving the 
concussion of a passing ship; D a cylin 
chamber into which is screwed the mercury circuit- 
closer E, and affixed to which is the bursting shell 
F; the chamber D is secured to the chamber A by 
means of a projecting flange resting on a corre- 
sponding flange on A; G is a single cell firing 
battery arranged on the Bunsen principle; G is the 
pos ok nape sins of nore O a zinc 
cylinder thoroughly amalgamated; P a cylindrical 
vessel of porous earthenware ; and RR toe plates 
of very dense charcoal ; the liquids with which the 
cell is charged are sulphuric acid round the zinc 
plates, and nitric acid round the carbon plates. In 
order to excite the battery it is necessary to dilute 
the acids with ten or twelve times their measure of 
water, and as’ this is only effected by the water 
passing through the filter J, port L, and two small 

unnels HH, after the mine has been moored in 
ane ep it would obviously be perfectly safe to 
e while on the vessel from which they were 
intended to be launched. When sufficient water to 
dilute the acids has into the cell, the port L 
is closed automatically by means of the buo of 
the ball I; K is a wire grid employed for the 
purpose of preventing any dirt or refuse flowing in 
and obstructing the free action of the filter J; 
M M are two platinum wire fuzes connected up in 
divided circuit ; and N Professor Abel's gun-cotton 
disc. Fig. 106 is a sectional plan on the line » y, and 


Fi ler a plan a the — a 
€ presumable action @ torpedo, oe 
with the object sought to be obtained by its intro- 
duction, will, from the foregoing, be ily under- 
stood; any remarks may consequently be 
considered as altogether frees. 


supplementary. However, 
before quiting the he would alk attention 


subj 
to one or two points that may not 
themselves to the casual ~ artes sheen 


want of consideration of which would perhaps go far 
towards condemning the entire arrangement. 
After the body of the torpedo béen com- 


pleted, and the circuit-closer and bursting fixed 
in position, the battery is dropped into its place and 
the connexions between it and the circuit-closer 
made , the space between the cell and 
the wall of the enclosing 
a mixture of coal tar 
while hot ; this compound serves 
viz., that of holding the cell rigid 
interior of the torpedo case water-tight. So 
as the i the 





ourselves with showing how it could be effected, 





for the purpose merely of elucidating our argument, 





kept perfect! dry ain tly free 

an uen’ an 
lisbittey to pew A explosion ; but nd being taken 
out for service has poured into either vessel a given 

















































456 


ENGINEERING. 


[June 15, 1877. 





uantity of sulphuric and nitric acid, the capacity of 
the vessels being just sufficient to contain, in addi- 
tion to the acids, the quantity of water necessary 
to dilute them; while in this state the mine may be 
rted from the store to the launch, and so to 
the mooring, with perfect safety, since no voltaic 
current could be generated by the acids unless 
diluted with water; immediately the charges were 
immersed, however, the water would commence to 
flow through the filter into the vessels containing 
the acids, diluting them and thereby exciting within 
the cell an action sufficiently energetic to explode 
the charge on the concussion of a passing ship 
closing the electric circuit, 





Sectional Elevation 
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The object of the filter is to afford sufficient time 
for the boats to get clear before enough water enters 
the cell to cause the mine to be dangerous, 

The great advantage claimed for this type of tor- 
pedoes is that they could be recovered again on the 
cessation of hostilities and stored until some future 
contingency again necessitated their use. The 
ground on which we assert these torpedoes to be re- 
coverable is obviously this—the certainty of the 
battery within a given time becoming exhausted by 
the chemical action of the acids, 


Cxass [V.—MECHANICAL TORPEDOES. 
SINGER'S TORPEDO. 

Mechanical torpedoes came into use some consi- 
derable time before the more elaborate electrical 
submarine mines, owing no doubt to the fact of 
their being not only more simple in construction 
but because they required no extensive practical or 
scientific skill as a basis for their successful mani- 
pulation. 
promoters of this, then, crude system of submarine 
obstruction, looked forward in anticipation of the 
day when they should have become, as they have 
now indeed become, indispensable accessories for 
the guardianship of our shores, or that they were 
ever destined to play so important a part as that 
assigned them in the maritime wars of the future. 

Perhaps one of the most efficient of the early ty 
of mechanical torpedoes was that known as the 
Singer torpedo ; indeed, itis open to doubt whether 
many of the so-called improved torpedoes that have 
succeeded it are likely to prove half so efficient in 
actual practice as this has done ; not that we would 
detract from the possible merits of existing appli- 
ances, or that we have any special admiration for Mr. 
Singer’s invention, on the contrary, we consider it, 
in some points, to be far from reaching the standard 
of requirements as set forth by our own Govern- 
ment, Whether it is possible to reach this standard 
is, of course, a query that must be left for future 
inventors to answer; but leaving future possibilities 
out of the question, and dealing only with the 
present, it must in fairness be said that whereas few, 
if any, of the more modern contrivances can have 
adduced in their favour any practical’ data from 
which even a comparative criterion of their merit 
coald be formed, the Singer torpedo was used ex- 
tensively by the Confederates during the late 
American war, and proved very destructive to the 
Federal ships; it is also stated on good authority 
that not a single accident occurred with them 
either during transport or while mooring them in 

ition. 

A side elevation, half section, and plan of Singer's 
torpedo is represented in our illustration, Figs. 108, 
109, and 110. It consists of a conical shaped iron 


veesel moored beneath the surface of the water ; the 


Nor is it by any means probable that the | 
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lower part contains the charge and firing arrange- 
ment, while the upper portion is an air chamber for 
giving the necessary buoyancy. An iron bar passes 
vertically through the centre and projects at each 
end ; at the upper extremity it has an eye through 
which the rope used when lowering the mine into 








Fug. 110. 











position is intended to pass. On the lower extremity, 
which projects some distance below the case, is 
another eye for the attachment of the mooring rope. 
Ignition is effected by means of a friction tube 
secured within the lower part of a case made 
water-tight by means of a thin copper disc soldered 
in; this copper disc, though thick enough to 
exclude water, is sufficiently thin to allow a good 
pull to act effectually through it on the friction tube ; 
this latter operation is effected by means of a loose 
metal cover fitting on the top of the apparatus, and 
so arranged as to be thrown off were the case to be 
pushed on one side by the contact of a passing 
vessel ; this metal cover is connected to the friction 
tube by a chain, and directly its weight comes on 
this the tube is pulled, and the mine fired. The 
eye on the top of the central bar passing through 
the apparatus protrudes slightly through a hole in 
the loose cover, and the rope a through this 
for the purpose of lowering the mine, effectually 
prevents the cover falling off during this delicate 
operation ; in order still further to guard against 
an accidental explosion while placing the mine in 
=e a brass safety pin fitting into a hole in the 
ower projecting portion of the central bar is so 
arranged as to pass through a link in the chain, so 
that in the event of the top falling off the force of 








the jerk shall be taken up by this pin, and not by 
the ring of the friction tube; a line with a float 
attached to it is in connexion with the eye of the 
safety pin. The float would drift away horizontally 
from the mine when acted on by a current, and by 
it the safety pin may be withdrawn at some distance 
from the apparatus after the process of placing the 
latter in position has been completed. This mine 
may be attached to an ordinary mushroom sinker 
by a single mooring rope ; this mode of mooring was 
adopted by the Federals. Fig. 108 is an external 
elevation of the torpedo complete ; A the iron case, 
B loose metal cover, C frictional fuze, D connecting 
chain, E safety pin, H float, F mooring ring, GG 
position of ropes when mooring the torpedo in 
position. Fig. 111 is an enlarged view of the safety 
pin arrangement, and Fig. 110 a plan of the top. 
Fig. 109 is a half sectional view of the mine 
with its mooring arrangements. A is the air chamber, 
B a chamber to contain the charge, C the metal bar 
| passing through the centre with the ring D at its 
| upper extremity to receive the slip rope used in 
| lowering the mine into position, fm a ring E at its 
lower extremity for the attachment of the mooring 
| ring, F is the friction tube worked by means of the 
ring G through the thin copper disc H, I is the 
| loose metal cover connected by a chain K with the 
ring G of the friction tube, L is the safety pin ; 
when the safety pin is in position the chain K would 
be as shown by the dotted lines, .but when it is 
drawn out and the chain released the firing arrange- 
ment is set free to act as shown by the firm lines. 
In order to be able to dispense with the float, 
which on the whole is rather an inconvenient 
arrangement, a stout’papier-mache pin might be sub- 
stituted for the ordinary brass pin, which would do 
away with the necessity for drawing out the pin, as 
the action of the water on the papier-mache would 
tend to reduce it to a pulp, so that when it had 
been in the water a short time it would offer little 
or no resistance to the falling of the weight or cover. 





| 
| 





THE UNITED STATES REVENUE 
STEAMER “RUSH.” 
(Continued from page 418.) 

In examining the details of the machinery, the 
first point we notice is that the engine is somewhat 
heavier for the size of cylinders than is customary. 
This is accounted for by the fact that Mr. Emery 
advocates doing more work with cylinders of a given 
size than is common in compound engines, the mean 





pressure during the experiments with the engine 
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(For Description, see Page 461.) 
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from cavities in latter would flow into the jackets 
at sides of cylinders, In such cases the part 
of piston must be extended up #0 ; - 
sarily to shut over the steam port. seen 
that Mr. Emery permits the central portion of ‘the 
cover . enter es ge he the way e footie 
jacket inders, thereby avoiding th 

srentendng up the piston in manner ‘réeférred to. 
To keep the cavity in cover clear of water steam is 


supplied first to this cavity and to the side 
jackets through a syphon shaped pipe, led from the 
ttom of the cavityin the cover, so all water that 


collects in the cover must be carried over into the side 
jackets with the steam =< to the latter, ~The 
water of condensation collects ‘in “the 
bottom jacket spaces, from which it is out 
through a vessel with an attached glass oe 

The bedplate of the engines is shown with sufficient 
clearness by the general views given in the two- 
engraving published with our mumber” of 
lst inst. It will be seen from these views that the 
sections are those of a box girder with largé ings 
in the base for the withdrawal of the cores. ‘The sides 
of the bedplate are kept well up towards the centre of 
the shaft to permit the use of deep longitudinal Keel- 
sons of wood to distribute the weight over as much 
surface as possible in the bottom of the hull, the 
transverse portions being deepened under the bear- 
ings sufficiently to safely transfer the weight to the 
keelsons and the thrust of the working parts to 
the side supports of cylinders, ; 

The cylinders are supported on four hollow 
columns; two on the port side are extended BB 
from the bedplate, and the two on the 
side are cast on the case of the surface condenser. 
On the inner sides of the columns at their upper 
ends are bolted V-guides, the surfaces in- 
clining toward each -other at an angle «an deg. 
Each crosshead is formed by forging a head on the 
lower end of the piston rod, in which head a large slot 
receives, at the top, the crosshead bearing brasses, 
and at bottom a block secured by a cross gib and a 
key with extreme taper. The smaller end of the 
key is extended in circular form and threaded to 


receive a nut. The extreme taper on the tends 
to hoe the nut to its bearings, and the bolt is made 
of sufficient strength to withstand all the thrust. 


The bottom of the nut is enlarged and turned circular 
and the edge provided with a number of indenta- 
tions to engage in different positions with a keeper 
bolt. At sides of head, in line with centre of cross- 
head brasses, are provided set screws with jam nuts, 
the ends of which screws bear against the slides, 
which are of brass and made of V-shape on their 
wearing faces to fit the guides. This arrangement 
enables the slides to be adjusted for wear with the 

atest facility. In practice the Y-slides have in 
the main worked well and furnish a perfect guide 
in all directions to the lower end of piston rod. No 
trouble is experienced from heating or undue wear, 
unless some of the parts are originally constructed 
out of line, a defect which ‘actually occurred on 
another vessel and caused some solicitude as to the 
correctness of the system until the fault was dis- 
covered. 

The arrangement of crosshead permits the use of a 
fixed pin in the upper end of the connecting rod. The 
key and nut system of adjusting is very convenient, 
and has in practice worked well in all cases, The 
lower connecting rod brasses are, as will be seen, 
held in place by bolts passing through T-heads on the 
rod in a familiar way. The usual American practice 
is to use a strap, gib, and key, which would have 
taken too much room in this particular case. We 
notice that the bearing surface of all the journals is 
liberal; the crosshead and crank pins are of steel, 
with — as follows : crosshead pin, 5 in, in dia- 
meter, 8 in. ong; crank pin, 7} in. in diameter, 9 in. 
long. Each slide measures 7} in. by 10 in. at right 
angles to the direction of pressure. The main 
— are 9 in, in diameter, and beginning at the 

ront are respectively 10 in., 20 :n., and 12 in. in 


“_-. 

ig. 7 is a vertical cross section of the piston of 
the high-pressure engine, both pistons being of simi- 
lar construction. The heads of the follower bolts are 
let in flush to secure plain surfaces on the cylinder 
covers. The principal peculiarity is in the construc- 
tion of the rings. There are four rings, arranged 
in pairs of like width, instead of two outside and 
one inside, as is usual. Ordinary Z-springs are 
used, se ote hes pee each inner ring of each pair 
are counterbored so that springs will bear only at 
centre of each, Through the contiguous edges of 
each pair of rings are drilled holes about } in. in 


diameter, half hole in each, spaced 3 in. apart, ex- 
tending: from bearing surfaces of rimgsto:the spring 
recess, * The .effect is 


that if the " become 
. of rings on side of pi toward 
pr dene ms) will be forced in, when the steam 
will enter 4 middle holes, fill the spring space, 
and the pressure on the rings so that the 
fendily set out the packing. Mr. 
ones Auer a is that this piston has the ad- 
‘ of steam-and spring’packing. He has 
steam packing works well, but is liable 
it fast b tke gan formed from the lubri- 
when tising a stirface condenser ; 
ing is not #0 liable to be set 
m, it needs constant attention to secure 
* He finds that, in the system illustrated, 
packing supplements the action of the 
, so that greater certainty ‘of action is se- 
‘He has the eT in ‘all cases set out _ 
‘the’ use o' or steam in the 
i Me , when; with his additions, the 
by prove tight for’either high or low 
Figs. 8) 9, and 10 represent one of the assisting 
valves, which, as will be seen, is a simple 
slide valve with pipes attached to connect chest to 
cylinder ¢learances. One of the chambers is 
attached tothe rear side of each cylinder, and for 
conveniénce the indicator connexions are made to 
the same branch pipes. 

The crankshaft is built up of wrought-iron slabs 
and shafts, with steel crank-pins. crank-arms 
are extended past the shafts, and three of them are 
widened to form counterbalances by means of cast- 
iron blocks secured by bolts and a large dovetail 
cross groove. The forward crank is arranged as a 
pinch wheel. 

The links, details of which are shown in Figs. 11, 
12, 13, and 14, on page 456, are of the open pattern, 
and care has been taken to provide means to take up 
lost motion at every joint, A section of a block is 
shown in Fig. 13. é block is diyided horizon- 
tally into two parts B B, into which are let brasses 
A A to receive the pin operating valve stem. By 
putting slips behind the brasses A.A they are them- 
selves tightened upon the pin at the same time that 
the halves of block are pressed out against the link. 
The eccentric rods connect to keys on the link by 
forked ends, with through pins, in the usual way, 
and slack motion is taken up by brasses adjusted 
by wedges in bottoms of jaws of straps, which 
brasses bear on the curved exterior of the lugs on 
bottom of link as shown in the general plan. 

The engine pumps are arranged vertically behind 
the condenser and are operated by links from cross- 
head of low-pressure engine, through beams. The 
air, feed, and bilge pumps are shown in Figs. 15, 16, 
17, and 18. The former is secured direct to a 
channel way cast on the condenser. The air-pump 
valves are arranged to have a little vertical lift, the 
guards being shaped to allow dishing action when 
at work not exceeding the limit of elasticity of the 
india-rubber. To provide for the wear of valves and 
centre openings, the foot and delivery valves are 
bushed, each bush being a with a collar carry- 
ing another piece of india-rubber to act as a buffer 
against the guard. For the bucket, valve sockets 
are cast on the gland to receive the bolts for com- 
pressing packing, and at the same time act as guides 
to the valve which is notched around them. 

The feed and bilge pump valves are flat brass 
plates with sockets cast on same to fit the central 
spindles. The plates close on gratings, so that they 
waz be used as for india-rubber valves with 
slight change, but the valve openings are so large 
that no difficulty is experienced in using the plates 
directly as valves, there being no noise except when 
feeding unusually strong. The receiving valves and 
valve seats may be lifted out through the openings 
covered by delivery valve seats. 

The details of the surface condenser are shown in 
Figs. 19 and 20. The condenser contains 895 square 
feet of tube condensing surface, there being 781 
tubes gin. in diameter, with 7 ft. effective length. 
The cireulating water passes inside the tubes, t 
through a lower section, and returns through the 
upper. The exhaust steam is discharged into a 
chamber over the top of tubes, and passes to the con- 
densing surface at the ends and sides of plates secured 
to the ribs, which poe prevent the steam from 
striking directly on the tubes. The tube sheets are 
of cast iron, drilled to receive wood packings. The 
sheets are secured simply by a rust joint driven into 
a space left for the purpose about the edges. This 
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simple system of securing tubes and tube sheets has 


become quite common in the construction of surface 
factorily. we e of the 
tube sheets ek oe epiaed to ane the 
corrosion takes place very slowly, and so much metal 
is provided that renewals are very rare, 

(To be continued.) 





THE PENNSYLVANIA RAILROAD. 

No. XXIV.—Tue Attoona Car SHops—concluded. 

Tue timber drying-house is an important section 
of these works. It is located to the east of the 
freight car shop, and beside it is the boiler-house 
which contains three boilers, one of which supplies 
the steam required, and that from the other two is 
employed to heat the freight car shop. The drying- 
house is of brick 65 ft. long and 30 ft. wide. it 
contains three pairs of rails pene yew 4 the whole 
length of the building, and beneath each track isa 
pit. On both sides of these pits steam 


ipe coils 
run lengthways, as shown in the sketch. 


e timber 





gt LP. 
to be dried is loaded upon oe trucks, which are 
run into the building, and doors, which form a 
very close fit, are shut. ‘The temperature generally 
maintained in the house is 170 deg., but this is some- 
times exceeded when any special kind of timber is to 
be treated, Annexed is a list of various sizes and 
classes of timber, and the periods required for dry- 
ing them in the kiln, 
days. 
Ash 4 in. by 4in., time in drying ; e 


»» 2in. | im, 5 a ia ose 

Poplar lin. boarding, used for car panels, 
aay ag oe ne oh ali ad 3 
pany for inside finishing, time in drying 4 
erry ” ” 4 
White pine 2in., time in drying r 4 
” in., 9° %” eee ee 3 
Yellow pine flooring 1{ in., time in drying... 6 
White pineplankinglin, ,, 5, .. 5 

The capacity of this kiln is about 


120,000 ft. of lumber per month. The steam pres- 
sure in the boilers is kept at 401b. to the inch, 
and the fuel used is waste timber from the freight 
car shop, almost to the entire exclusion of coal. 

The lumber yard is situated to the east of the 
freight car shop, and occupies an area of about 
12 acres. The timber is stacked according to size, 
and lines of rails are laid about the yard, so that 
any given stack is accessible by a car. About 
8,000,000 ft. of timber are usually stored here, and 
the management of the yard gives employment to 
about 45 men. At the western end of this yard is 
a shed in which is stored the timber after it is 
brought from the kiln, and various portions of 
freight car framing that are kept in stock, either for 
immediate use at Altoona, or to be sent to any 
part of the line on demand. Another lumber shed 
is placed between the passenger car shop and the 
planing mill, and it is employed for storing the 
different parts of car work, which have been put 
together ready for erection. 

e engine-house is of brick 105 ft. long by 28 ft. 
wide ; as will be seen from the plan it is placed 
between the planing mill and the b miths’ shop. 
At the east end of the building is the engine-room 
44 ft. in length, and containing a double Corliss 
engine with cylinders 18 in. in diameter and 48 in. 
stroke; the flywheel is 20ft. diameter, and has a 
36 in. fall. The — working speed is 50 revo- 
lutions per minute, and with 95 lb, pressure in the 
boiler it developes 242 indicated horse power. The 
power is transmitted from the flywheel direct by a 
33 in. rubber belt ing over a 12 ft. pulley in the 
main shafting, which extends into the smiths’ shop, 
and by suitable countershafts drives the tools there- 
in. From this shop a belt actuates some under- 
ground shafting that drives the few small tools in 
the tin shop. On the main shaft, already mentioned, 
is placed a pulley 8 ft, in diameter, driving a 33 in. 
belt, going over a 5 ft, pulley on an overhead 
seunieeiell, at the other end of the engine-room, 
and ing thence to drive the various ines in 
the wood-working shop. The shaving tower forms 


a part of the engine and boiler house. The latter 








is 43 ft, in length. It contains three multitubular 
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boilers approximately of the standard section and 
of the following leading dimensions ; 


Outside diameter eee eee 573 in. 
Total length ... oat oe 26 ft. Zin. 
Diameter of dome ese eve 30 in. 
Height of dome ... eve ove 30 in. 
Depth of combustion chamber 4 in. 
Length of tubes os ose 15 ft. 
Outside diameter of tubes Sh in. 
Number of tubes wi 66 
Heating surface : firebox 136 sq. ft. 
a “a tubes ‘ai ooo ee 
Total ... por eco OB gs 


East of this building is a second boiler house 
furnished with a similar shaving-tower, and contain- 
ing three boilers like the foregoing. The steam 
from them is used to drive the hammers in the 
blacksmiths’ shop. 

Beyond the blacksmiths’ and machine shops is an 
open space in which wheels and axles are stored. 
A large stock is always kept on hand here, and the 
exit' rails from the wheel foundry run into the yard 
down an incline, so that in the yard it forms a de- 
pressed track, of such a relative height that the top 
of the truck is on a level with the paving of the 
yard. By this arrangement wheels can be unloaded, 
and wheels and axles loaded for shipment with 
great facility, and without the expenditure of any 
labour in lifting. It is in this yard that the testing 
drop for axles is placed, and which has been already 
described in our notice of the department of physical 
tests (see ante, page 417). 

The heating of this large extent of shops is a 
serious matter. As already stated, the freight car 
shop is warmed by steam from the boilers of the 
group by the timber-drying kiln, and all the others, 
with the exception of the machine shop, with the 
same boilersthat furnish steam forthe hammers, The 
machine shop is heated by boilers adjacent to the 
Corliss engine. Opposite each pair of rails on the 
outside wall of the freight car shop and between the 
tracks on the inner wall are gery coils of piping, 
each coil having a total length of 62 ft., made up of 
pipes lin. in diameter. There are altogether 78 of 
such coils. In the paint shop the coils are placed 
in pits between the rails at intervals of about 25 ft. 
from centre to centre, and these pits are covered 
over with iron grating through which the hot air 
rises. Each of these coils is made up of 60 ft. of 
lin. pipe. The temperature in this shop is main- 
tained at 75 deg. throughout the year. All the 
other shops are heated by coils placed at convenient 
intervals along the walls. 

Shown in the plan to the north-east of the office 
is the fire-engine house, containing besides the 
steamer, horse fire-escapes, buckets, axes, and all 
the paraphernalia of a fire station. A regularly 
organised fire brigade is established among the 
workmen, who are always ready to respond to any 
alarm of fire. Each member of the brigade is pro- 
vided with a badge which he wears constantly, and 
must — when on duty. No other employés at 
the works are permitted to take any in the 
work of extinguishing a fire, and if the alarm is 
given during the day, only the members of the 
brigade are allowed to quit their occupation, all 
the other workmen having to continue their work 
as usual, Water plugs and hydrants are distributed 
over the whole works, and in every shop is a 
sufficiency of hose to command all parts of the 
building. The brigade is kept in a state of 
efficiency by regularly instituted drills. The 
system of watchmen and patrols is similar to that 
described for the locomotive works. 

The office and stores are located about 200 ft. 
west of the freight car shop, and are included in 
one building, half of which is devoted to the offices, 
and the latter to the stores. The offices are entirely 
for the use of the general foreman and the miscel- 
laneous clerks belonging to the establishment. The 
stores are large, well arranged, and controlled; they 
are under the charge of a storekeeper, who issues 
materials to the orders of the foreman. The supplies 
kept here are very large, as orders are filled for all 
parts of ‘the line. 


THE MAINTENANCE OF Way Snopes. 


The plan on page 321 anée shows a small auxiliary ‘ious made 


establishment known as the Maintenance of Way 
Shops. They are placed to the east of the car shop just 
described, and were originally built and by 
the Department for Maintenance of Permanent 
Way. By an alteration in the organisation of the 


company, however, the department was m 
into the Department of Motive Power, The prin- 





cipal of the buildings in them is the carpenters’ 
Dam sontsining ing several different wood-working 
ines for doing all classes of 
These are driven by an engine built 
Morton, Poole, and Co., of Wilmington 
and having a 14 in. cylinder and 42 in, stroke; the 
flywheel is 12 ft, diameter and 18 in. wide. Steam 
is sarenet by a boiler of the ees eat a and this 
also heats the building. A pling ill adjoins the 
mters’ shop. There are employed in this de- 
ent when full 32 carpenters, 8 mechanics, and 
24 labourers. The signal houses and fittings, watch- 
boxes, small stations, and general station work, 
wheelbarrows, luggage barrows, &c., are all made 
here for the whole of the road. 

Adjacent:is a small blacksmiths’ shop with two 
forges, and the plumbing and gasfitting department, 
in which two plumbers and gasfitters and 
labourers are employed. ‘ 

These workmen test all the gas tanks, put gas 
and water fixtures into the cars, fix heating coils 
and apparatus in the Pullman cars,make the steam 
and water connexions for the water troughs laid in 
the tracks, and do all repairs within their scope to 
rolling stock, and the Altoona shops. So small a 
force it may be imagined have no idle time. 

Lastly we may notice a (to English practice) novel 
feature in this work. This is the ice-house, used 
for storing ice for the water filters placed in every 
car throughout the year, and found in every shop 
throughout the works along the line. All nger 
cars passing Altoona are daily suplied here, and 
the storage capacity of the building is 1200 tons. 

The total area of the car shop is 424 acres, and 
that of the maintenance of way shops is 114 acres. 


aay 7 ne 
, Suton, 





GRAVING DOCK IN THE RIVER ST. 
LAWRENCE. 

In the autumn of 1874 Messrs. Kinipple and Morris 
were called upon to examine the harbour of Quebec, 
which comprises a river frontage of nearly ten miles in 
length on both sides of the river, with the view of de- 
termining the most suitable spot for the construction of 
a graving dock. At present there is no dock of the kind 
proposed in the Dominion of Canada on the eastern side, 
but one is in course of construction on the western or 
Pacific side, at Victoria, British Columbia, from the de- 
signs and under the superintendence of the above en- 
gineers. At Quebec harbour borings were sunk at 
various points on both sides of the River St. Lawrence, 
and eventually two sites presented themselves for con- 
sideration, viz., one at St. Joseph Levis on the south, 
and the other on the north side, abutting on the River 
St. Charles at the foot of the city of Quebec. The en- 
gineers reported in favour of the Levis site, partly on 
account of the foundations on the Quebec side being of a 
doubtful character and for other reasons. 

The extra cost of construeting the dock at the Quebec 
site over that at Levis was estimated to be at least 
20,0007. The public on both sides of the river have made 
great efforts to secure the construction of the dock on 
their respective sides, and the city council of Quebec 
passed a resolution voting 20,000/. to cover extra cost of 
making the dock on their side if placed there, The 
Government in consequence of the excitement displayed 
with regard to this work had surveys and made 


by their own engineers, and after two and » half years’ | by 


consideration they have recently approved of the site 
selected by Messrs. Kinipple and Morris. The dock, 
which is to be of stone, will be 500ft. lopg on the floor, 
100 ft. wide at coping level, and 24 ft. of water oVer sill, 
and 26 ft. on bottom at high water. Contract drawings 
have been ordered to be prepared at once, This work is 
in addition to the extensive harbour works now being 
carried out under these engineers at the mouth of the 
River St. Charles at Quebec. 


TELEGRAPHY IN Evrops.—In 1875, the number of tele- 
ou as in este 77 to every 100 a 
pop ion. e correspon proportion in in 
the same year was 58 to every 100 phebitemte in Hol- 
land, 38; in Belgium, 36; in Norway, 27; in Denmark, 
22; in France and Germany, 19; in Italy, 16; in Austria 
and Hungary, 12; and in Russia, not quite 4. 


AMERICAN TELEGRAPHY.—The gross receipts of the At- 
lantic and Pacific Telegraph Company for 1876, were 870,570 
dols., while the gross working expenses were 831,342 dols., 
leaving a profit of 39,228 dols. for the year. The revenue ac- 
= » Praggpne y in 1876 presented an increase of 

,497 dols., or 23 per cent., as com) with 1875. The 
of te’ forwarded 6 was 2,01 
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PRESSURE BETWEEN VALVE SURFACES. 
To THE EpITor or ENGINEERING. 


Se ar aie we Seseagh pote etanane 00 tnvite 
an interchange of opi upon above subj It is 
of great import the engineer, one upon 


and higher steam P 2 
all as before, but the steam re) by air. 3. When the 
steam is replaced by water. When the faces are made 
one of metal and the other of leather, india-rubber, or some 
similar elastic substance. 


make ring equal in 
exhaust opening in the valve, and state that 
then fully balanced, with the exception of the area of one 
port, after steam has been cut off, which area is subject to 


pressure equal to the difference between the pressure in the 
steam and that of the expandi in the cy- 
linder. This statement condition that 


the between all the surfaces a a 
to _ external pressure which forces them together, 
otherwise the valve could not be balanced. 
Mr. Adams, the inventor of a form of equilibrium valve, 
apparently supports this view, for he so forms the balance 
that the amount of surface in contact with the cover 
ef the box shall be rather less than the amount which 
overhangs the recess for the ring, and which latter is 
therefore open to the steam iw oe of the box. 
theory is, I believe, the 
tact bei: eke be sti the ring will 
cou being less e overhanging area, the 
pe gl te the cover by a pressure equal to that of the 
“> tiplied by the pee nes ind 
loads on safety valves are proportioned e 
area of the bore of the seat, and “when such a valve blows 


Again, taking the case of a double beat ‘‘ equilibrium’’ 
valve of the Cornish type. Su the intend deandber 
of the lower seat to be i the same as the external 
diameter of the upper seat ; if this valve is in perfect equi- 
librium Lm many onl its weight) there must be steam 
pressure the surfaces, otherwise the will be 
eee mace its seat by a force equal to the steam pres- 


hich 
, and the writer stated that as 
alternatel enlarging be fh orifices, it 
iy con’ ices, it, 
-known laws, grad lost its pressure, until when 
it ee the outer edge its i 
argumen 4 
a safety valve with a 
slide valve with, say, 2in. 
tight. The steam gradually 
pesees annenn She cnet, ont in the safe 
al eric in the of 7; in., 
therefore, be taken as sufficient for the purpose. 
safe ony Hein wins verrng Pees ba eo 
seat for, say, i a pressure ; 
1}f in. are unaffected save 
a to take all the surplus pressure out of 
ie ing steam on its journey through the seat, 
Perhaps it may be said that as the ionate bea: 
surfaces in the two cases are so different, that while the 
slide valve would require nearly all its 2 in. of lap to 
the steam pressure, the safety valve 
age upon its seat as to 
m between the surfaces. 
seat as that of the valve, and this 
i cula 


Ne ee 


turely blow. 
In any case this th of gradual loss of head entire] 
nds the iden of full steam spenuairt pil ever ioe eae: 
If full steam pressure does obtain between 
Te eT avek Didtne to tha roams on OO tei 
on 
ve; and yet many steam 


[segmotive practic dnt it expedient gut dow, ten 
ora Lingle x: ra even to the 


indefi 


: 


il 


; 
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rence, we throw over the only distinction between steam 
anda perfect gas, and cases Nos. 1 and 2 become one. 
But it has been recently stated that Mr. Joshua Rose, of 
New York, has succeeded in producing surface plates. of 
moderate size which possess such accuracy of finish, as to 
lift each other up when almost dry by the exclusion of the 
air from between them, thus wr : that metallic sur- 
faces — a — gas, and therefore why not dry 
steam ? © faces of the slide valves would be at least as 

y as Mr. Rose’s plates, though probably not nearly so 


rue. 
With fairly good fitting surfaces it is generally admitted 
that if the pressures outside and inside of a valve are equal, 
the pressure between the faces is the same as that the 
surrounding medium, vide a valve with a scraped surface 
laid upon a surface plate under ordinary atmospheric con- 
ditions. Load such a valve ever so heavily, and you do 
not find a point where 15 lb. are added to the load due to a 
vacuum between the surfaces. Considering this side b 
side with the fact that when the internal and externa 
pressures are wnequal to any considerable amount, the full 
pressure does not appear to exist between the faces, though 
some lower pressure is undoubtedly there, is it not pro- 
bable that at the extreme edge of the bearing surface, the 
pressure between is equal to that immediately outside this 
edge, either high or low, according to which edge we con- 
sider, and that between the two extreme edges, however 
far apart, the pressure gradually varies from one amount 
te the other? If this be correct the average pressure be- 
tween would be the mean of the two bounding pressures. 
Tam not prepared to prove this thesis, but merely throw 
out what may appear a probable solution of the question. 
In case number three, where the valve is surrounded by 
water, or water and air, there is very little information to 
be had a Se eee Se pesenave between. fs on posed to be ; 
but whatever may be the state of affairs i the valve 
has heavy pressure above, and partial vacuum below, it is 
robable that when asin the case of a pump the pressure 


ow is brought up to that above, the valve is practically i 
equilibrium, that is, it has fall preseare between its fen. 


t in a few cases, such asa slide valve of a hydraulic 





motor, hydraulic valves are seldom moved under different 
conditions to the above, and, therefore, the problem in 
this form is not so im t. 

Case number four is much more freel, ~— oe To 
the designer of an air pump with india-rubber disc valves, 
the following question presents itself. When the piston is 
on the point of returning to sweep out the air and vapour, 
the delivery valve is pressed down over its whole area b 
the atmospheric pressure. Will the compressed air 
vapour in its attempt to escape press upon the whole under 
surface of the valve, or only .- that portion exposed 
between the bars of the grid? The opening through the 
grid may generally be taken as 0.66 of the whole valve 
area, therefore, if the former be true, the valve will lift 
when the internal pressure equals that of the atmosphere, 
but if the latter, then the internal pressure must reach 
about 22 lb. before the valve will lift, and this would 
naturally seriously affect the vacuum, especially if the clear- 
ance 3 were great. The Engineer, in 1868, I believe, 
published an editorial stating that the area between the grids 
only was acted upon. The following week the writer was 
sharply pulled up by an article of equal authority in your 


the external the whole of the area would be 





se r, stating that immediately the internal pressure 


cient, and the valve would lift with an excess of pressure 
equal to its own —— Now, in all humility, is not this 
open to question? In the case of the familiar toy, the 
leather sucker, the air is excluded from between the leather 
and, say, thestone. If the leather overhangs the stone the 
effect is just the same; two or more stones may be sus- 
pended from the same leather, and this would be analogous 
to the rubber and the grid. If we attempt to pull the 
sucker fairly away from the stone, a considerable effort is 
required, but if we raise one corner and gradually admit 
the air the leather is easily removed. Applying this to the 
valve, suppose a slightly excessive pressure below the 
Eilen suk gvadenlip Sour may fiw the gk, aesenaine 

oles, an away from the grid, i 
> bearing surface, and, therefore, the resistance as it 
80. 





This theory requires the pump pressure to be raised 


above that of the atmosphere, but not to such an extent as 
was stipulated for by the writer in The Engineer. 

I trust that some of your correspondents who have had 
opportunities of experimenting in this direction, will by 
your permission give your ers the results of their ex- 

ence . 
Apologising for prolixity, 
T am, Sir, yours truly, 
C. G. Magor. 
Wiggin-street, Birmingham, June 2, 1877. 








New ZEALAND Rartways.—The New Zealand Govern- 
ment has ordered surveys to be made for a railway between 
the Thames and the Waikato. The new line is expected 
tor — one of the most successful railways in New Zea- 





CANADIAN Pactric Ratnway.—Mr. Sandford Fleming 
has reported on the surveys and preliminary ——— 
carried on in connexion with the Canadian Pacific R — f 
Mr. Fleming states that the surveys, commenced in 1871, 
now extend from the valley of the Ottawa, west of the 
capital, to that portion of the Pacific coast lying between 
Alaska on the north and the Straits of San Juan de Fuca 
on the south. The cost of the surveys to the close of De- 
cember, 1876, had been 3,136,165dols. From Burrard Inlet 
to Montreal will be 633 miles less than the distance from 
San Francisco to New York. It is estimated that the Ca- 
nadian route will bring New York, Boston, and Portland 
from 300: miles to 500 miles nearer the Pacific coast at 
Burrard Inlet than these cities now are, with San Francisco 
as the terminal point of the Pacific Railroad. The distance 
from England to China will be more than 1000 miles less 
by the Canadian than by the American line. Ten routes 


for the line have been for consi- 
ion ; they terminate on the coast of the main land at 
istinct harbours, and they all converge to Yellow 


seven ud 
Head Pass. The line has been located with sufficient 
accuracy to admit of the construction of an o 
telegraph ’ 
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. Stairs for foot passengers. 
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Ir appears to be generally admitted that some- 
thing must be done by means of a new bridge or 
subway near the Tower, to relieve the traffic now 
daily encumbering the approaches to London 
Bridge, and the subject is now under consideration 
by a committee of the corporation, before whom 
various widely differing schemes have been pro- 
posed. Most of the projects hitherto put forward are, 
however, open to grave objections. A tunnel would 
not find favour with the public generally, and there 
would be great inconvenience and difficulty with the ap- 
proaches. It is urged against a low-level bridge that, 
although certainly the most desirable so far as regards the 
street traffic, such a structure would sacrifice other 
interests too much, and would probably involve claims 
for compensation to the extent of several millions sterling. 
In the case of a high-level bridge, the distance to which 
the approaches, if made with moderate gradients, must 
necessarily extend from the river, would greatly diminish 
the advantages looked for from a bridge at the point 
proposed, and the expense of these approaches would, of 
— pe ae great. 

6 st proposal, by Mr. Hi Vignoles, is in- 
tended to obviate the objections coun. Ade, It is the 
erection of what may be called a mean-level bridge, of 
three spans of 800 ft. each, formed of lattice girders, and 
having a width of 60ft., and a clear headway of 85 ft. 
above low-water level in the centre of the river, and 
76 ft. at the abutments of the bridge. 

This headway would suffice for the free passage of the 
ocean-going steamers still plying to London Bridge, while 
sailing vessels (the number of which is daily decreasing) 
could, with very rare exceptions, pass under the new 
bridge with top-masts housed. 

The line of the bridge, a general view of which is 








given on page 457, is from the west side of the Tower 
esplanade to the Phenix Wharf on the Surrey side. 
As regards the approaches, one of the peculiar features 
of the proposed plan, is the method adopted for overcoming 
the difficulty of that on the Surrey side, and this method 
is equally applicable to the approach for a high or low- 
level bridge. This is to be accomplished by the erection 
of a gigantic warehouse of a special design, as shown in 
Figs. 3 to 9, along the sides and ends of which the 
approach road will rise to the bridge level by the easy 
gradient of 1 in 50. 

By this arrangement several advantages are obtained. 
The lower end of the approach is brought to the most 
convenient point for access to the bridge, viz., Tooley- 
street, instead of being at a much greater distance from 
the river-side traffic. The warehouse would be placed 
along the river-side to the east of the Surrey end 
of the bridge, and would replace the present interior 
class of warehouses, most of the ground floorg of 
which are below the level reached by ordinary floods. 
There would be a direct access from its various floors 
to the new a h, which would pass round the build- 
ing, while the whole of the river front would be avail- 
able for wharfage accommodation, and almost the 
whole of the area occupied by the approach would be 














utilised as warehouse space. The erection of this 
werahouse would, it is believed, recoup to a 
great extent the cost of land. The approach 
on the north side of the river commences at 
the summit of Little Tower Hill, and skirting 
the Tower gardens and moat rises with a gradient 
of 1 in 47 on arches of a castellated design, 
till it reaches the north abutment of the sed 
bridge at the bottom of Great Tower Hill on the 
west side of the Tower, without interfering with 
any of the existing Tower buildings. 

Although the bridge is pro to cross the river on 
the west or upper side of the Tower (see plan on opposite 
page), yet owing to the approach on the Middlesex side 
commencing, as already described, at the east of the 
Tower, and that on the Surrey side at a point opposite 
the east side of the Tower, the convenience for traffic 
is practically the same as if the bridge and approaches 
were placed on a line between these two points, while 
the Tower wharf and the new wharf and warehouse 
would be still below bridge. 

The saving of distance between the two starting points 
of the approaches on either side of the river, by way of 
the new bridge, as compared with the route over London 
Bridge, would be about 1000 yards, or nearly three-fifths 
of a mile; but owing to the narrow and crowded state 
of the thoroughfares on that route the saving in time 
might probably be counted by hours. 

The estimated cost of the bridge, warehouse, and ap- 

aches, exclusive of purchase of property, is 600,000/. 
This sum, at first sight, may appear large, but it is 
argued that any other scheme would be 89 agp: 2 me 
regards hase of » or compensation, while 
the pot cong to be ancive Woes the ouse 


would be very considerable. 


e wareh 
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scale, and if they then proved 
r the rough usage of men who 
_ not take so much care of the system as Mr. Perkins, 
or own special men would, there could be no doubt 
that they would be an improvement in several ways on our 
present system of engines and boilers now used in the 


navy. 
I am, Sir, your obedient servant, 
Lewis OLRICK. 
27, Leadenhall-street, June 13, 1877. 





THE PROPER CIRCULATION IN BOILERS. 
To tue Eprror or ENGINEERING. 

iece of engineering work is pro- 

lent engineer before commencing 


uired knowledge to 


He must bring all his i acq 
bear upon the subject, deduce for his guidance rules 
based upon the ical laws with which they come in 


contact, i.¢., if desire his labours to be crowned with 
success. . 
In considering the problem concerning the future t 
of water-tabe boilers, I find a number of points that-uo- 
j ent, before 
id te be arrived at. 
from the tenor of 


Mr. Rowan, on the other hand, judgi 
only, and would 
ireulati 


bgt by ~ toe 
have us believe that the adoption of 
in vertical tubes would obviate all difficulties. 
fectly clear from the manner in which he discards every 
argument I brought forward in my last. It would there- 
fore be a waste of time on my part to combat with an op- 
ponent, who, without attempting to show the f of my 
arguments, or substituting eory of his own, ‘‘ denies 
al her”’ and ro, A uses’ my evidence. 

Mr. Rowan advises me to consult the work of Mr. Wye 
Williams ; some years have elapsed since I last did so, and 
I recur to the book with pleasure. 

I find no evidence to prove “‘ the well@ctown 
the stayed crown of a locomotive firebox, with but a few 
inches of water on the top, “‘ is very liable to overheating,”’ 
and the fact that there are thousands of such in daily use, 
affords a tolerably clear proof that they may still be em- 
pom with impunity. Has Mr. Rowan read pages 162 and 

63 on this point, w a flat-bottomed vessel containing 
water was exposed to a most intense heat, yet, when 
suddenly removed from the fire, it could be touched by the 
fingers? Surely locomotive engineers may now breathe 


** Mr. Watt's theory of a stratum or wall of steam be- 
tween the water and the side of a tube to the 
flame,”’ is illustrated on page 145, Fig. 87. Here the 
atoms (as Mr. Williams calls them) of vapour are seen 
rising beautifully, in close contac’ with the side, and on the 
next page are seen the atoms rising in close contact with 
} = yo r cal sides of a Sr el iad therefore disposes of the 

jou @ expresses, ‘* say, clings only to vertical 
tabe surface.” It is very 


he should 
ask me for proof, for it betrays ei a exaggeration 
on my part, or an ignorance of such facts on the part of 

es friend. 

ut Mr. Rowan is 
says ‘‘there are no 
has been demonstrated to be a fact except the one of a red- 
hot surface involving the spheroidal tate of the water.” 
Here again Mr. Rowan sh be under a great obligation 
to Mr. Williams for putting on record such a phenomenon, 
and he should seek pardon “‘ for being a sceptic as to that 


This is per- 


in physics which nobody has ever seen.” Page 156. The 
ers of the Great Liv had flat-sided furnaces form- 

ing for their whole a water 5 5 ft. deep by 4 in. 
He says on her New York in 1842, 


the engineer, observing the side of the furnaces con- 
stantly giving way—some bulging and others cracked and 
leaking, !and even burnt into holes, although there was 
ways a sufficient height of water in the boiler—suspecting 
something had interfered to keep the water from the plates, 
and a of it, introduced an inch iron pipe 
between two of the 


rs Ban a be quite inconsistent wi 


tion | Chine. 


fact” that | YY 


notice, for al! h the water gaug indicated 
snfhcient height of = within, “yet nothing issued 
through the pipe but steam, so long as the boiler was in full 


cli kee the plates, than the horizon 
, 
it heme crowns. 
masterly display of 
here again he fails to re the 
again he grasp the 
inciples I advocate, for these go to show that steam must 
given every facility to rise out of contact with the plate 
which it is generated. To adopt vertical tubes would, 
i my ‘‘ expressed faith,” 
while by the adoption of inclined horizontal tubes I get 
ample circulation, without violating the natural laws, and 
“reach a thoroughly satisfactory end.”’ 
Yours very truly, 
Joun Watt. 
174, Cleveland-street, Birkenhead, June 12, 1977. 


AN EXHIBITION AT VIENNA. 
To THE EpiToR oF ENGINEERING. 

Srr,—As in previous years, an exhibition and market of 
machines and implements used in flour mills, eries 
breweries, distilleries, and in the corn trade, will be ope: 
in Vienna on the 20th of August, 1877, in [connexion with 
an international grain and seed fair. 

This exhibition fairly deserving the particular attention 
of a most important part of commercial and oa. 
classes of Great Britain, I should feel extremely obliged i 
you would kindly bring to the notice of your readers my 
present letter. 

Any particulars in connexion with the above-mentioned 
exhibition and fair, I shall be most happy to give on appli- 
cation to the Imperial and Royal Austro-Hungarian Con- 
sulate General in London. 

I am, Sir, your obedient servant, 
STOCRINGEN. 
29, St. Swithin’s-lane, E.C., June 8, 1877. 


——— 
SHAPING MACHINES. 
To THe EpiTor oF ENGINEERING. 

Srz,—We notice in your issue of April 20th, an 
ing of a shaping machine by Messrs. W. Collier Co., 
of Greengate, Salford, hester, also a letter: from 
those gentlemen in which they discuss the application of 
the feed motion to the trav head of a shaping ma- 

bject and taki = : bo leiging their wpotty in 
subj e pleasure in wledgi ir priority in 
the introduction of this improvement. But we und 
that none of the shaping machines exhibited at the Vienna 
Exhibition of 1873 had this feature, neither had those ex- 
hibited in Paris in 1867 ; we had never seen one or any 
engineer who had. It was new to Mr. Hulse, of Man- 
chester, who was in our works last autumn. In America 
we are the only builders who use it at present. The ar- 
rangement of jit by Messrs. Collier and Co., however, we 
only consider good. ensugh for our smallest machine of 
short traverse of i For all machines havi 
more than 8 ft. traverse we have an opening nut to clear i 
of the screw and a quick traverse by handwheel, rack, and 


pinion. This is now universal among us on 
except very short ones. ; 

The Messrs. Collier are aa. by their method, to 
penis an extra set of jaws an additional ratchet at 

e end of the machine for operating the rotary feed ; 
whereas ours is worked from the same screw and 
ratchet which operate the travelling head. 
workman by Messrs. Collier’s has after all to run to 
the one end of his machine to adj i i 
and to the o to shift his belt or strap. i 
chine 30 ft. long we should consider an inconvenience. 

In ing machines with more than one travelling head, 
our custom is to provide driving gear at each end ; so that 
two at least of the heads may be driven at different speeds 
to suit different work. 

Yours obediently, 
FERRIS AND MILEs. 

Philadelphia, U.S., May 25, 1877. 


REPAIRING LOCOMOTIVE FIREBOXES, 
To THE Eprror or ENGINEERING. 

Srr,—I have much pleasure in communicating to you 
the following as a departure, so far as Iam aware, from 
general practice. It is ge acknowledged that the 
repairing of fireboxes forms one of the most expensive parts 
of motives. In my experience I found the flanging of 
copper-plates for tube sheets, with the probable risk of 
cracking in the corners when flanging, a slow and expensive 





process, when one has not the 
most cases of renewals of tube sheets 
to renew the top half only of tube sheet, 
old lower half under the belly stays. 

To these renewals I some time 
tube sheet cast with 8 





d | be restored, 





[June 15, 1877. 
and melt the cop 


at a time, which is copper 
i cupola after t eS ee 
them ina furnace. This plan I am glad to say has 
to be very efficient, considerably cheapening the whole. 


I remain, Sir, truly, 

ntaomas Ui RQUHART, M.I.M.E., 

Locomotive Superintendent of the Grazi 
Tzaritain Railway, Russia. 
Borisoglebsk, Tamboff Government, May 17129, 1877. 
NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
The Unstone Silkstone Colliery Fire.—This pit, near 
Sheffield, is still on fire, although the shafts have been 
closed nearly three weeks. Last week an effort was made 
to ascertain whether the fire was out, but the accumula- 
tion of black damp was so dense that some of the exploring 
party were rendered insensible. The shafts will now re- 

main sealed up for three months. 


The Rotherham Water Supply.—In the annual report, 
just issued, of the sani authority for Rotherham it is 
stated that the works for the establishment of filter beds 
at Dalton and for conducting the water into the borough 
are now nearly completed. The Jenkin Wood and Spencer 
Wood streams are also to be secured. D the year 
considerable extensions of the water mains have been made, 
the aggregate extensions being nearly six miles, chiefly in 
the Eastwood district. 

William Cook and Co. (Limited).—At the meeting of 
the shareholders of this Sheffield iron company last week 
it was stated by the chairman that a new hoop mill had 
been put down and was a success. The company, however, 
had found that it did not pay to make spiegeleisen. 

Water Fittings in Leeds.—From a report just presented 
by Mr. George Wood, inspector of the Corporation Water 

orks, to the Leeds Water Works Committee, it appears 
that during last month the ins rs visited houses, 
in which they found 210 bad taps, 118 bad water-closets, 
and 68 burst pipes. During the month 264 houses, 12 
baths, and 141 water-closets were additionally supplied. 

Fire at Aldwarke Main Colliery.—On Thursday last a 
somewhat alarming fire broke out at the Aldwarke Main 
Colliery, near Rotherham, belonging to John Brown and 
Co., Sheffield. The —e a shot in the Kent thin seam 
a to have set o the props and brattice cloths, 
and finally the coal seam. The men in the lower seams 
were promptly drawn out and by very en ic measures 
the fire was got under. ae work, which lasted all 
night, some of the men were slightly burnt by explosions 

Coal Trafic by Railway to London.—More coal was sent 
to London during May than any month of the year so far. 

e Midland carried 140,874 tons, the London and North- 
Western 111,613, the Great Northern 91,167, the Great 
Western 83,919, and the Great Eastern 67,739 tons. The 
Midland was mainly fed from Derb where ten 
collieries alone sent 112,000 tons out of its total. The Great 
Northern took much more Silkstone than of late, six 
collieries having sent 21,000 tons thereof in the month. 
Many new collieries, some equal to 1000 tons daily, are 
now getting to work in South Yorkshire, and these will 
mostly over the Great ,Northern. The inland coal 
trade is now stimnlated by the Northumberland strike. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. ‘ 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market _teseoteg Se was & 
better attendance than usual on ’Change at Middlesbrough, 
but there was no actual improvement in business. No. 3 
Cleveland pig iron was again quoted 41s. 6d. per ton, but 
keen buyers could obtain lots at a lower fi . Stocks 
continue to increase. It is feared that until there is peace 
in the East trade will not revive. There are fair grounds 
for beli that if the Turco-Russian differences were 
settled dence in the commercial world would quickly 
and trade generally would improve. 

The Finished Iron Trade.—The fact that a few good 
rail orders have recently been placed in Cleveland, has in- 
duced a of better thi and a belief that the finished 
trade of the North of England may again ere long be 
actively and remuneratively engaged. 

The Death of Mr. John Jones.—Mr. John Jones, the re- 
spected secretary of the North of land Iron Trade, 
died at his residence at Saltburn-by-the-Sea, on W y 
last. The deceased gentleman, who was only 42 years of 

, was something more than a mere local 4 
po a I POS as 

i » was appointed! e No 
of England ‘iron Trade. er his itive talent for 

isation the Iron Trade Asiociation gavamed a very 
ifferent position to that which it had ious 4 
Mr. Jones played an important part in connexion 


iron trade, and was aoe | instrumental in forming several 
societies which have i an international position, 
notably the Iron and Steel Institute, the first meeting of 
which was held at Middlesbroug’ 








Ironmasters ion, 

ments =a” would be tedious to mesate. oe 
ironmas' » & Rowspaper Proprietor co! 

fewer than three journals. I will be diffcals to find 

various offices 


nitable to sueceed Mr. Jones in the 
he filled.” 


enumerate. 


pens eye ees $0 taler the wane a ee cae 
ers er the wages q arbi- 
tration. The owners have to do so, and work has 














ENGINEERING, June 15, 1877. 





DETAILS OF ENGINES OF THE | 


CONSTRUCTED AT THE ATLANTIC WORKS, EAST BOSTon, 


(For 












































oa ’ 
4 a SE AW sty SSSSSSSS 
NY: : ’ 
Soa om! 
F Ss eK N 





<b 











ih ios - pus ; 





in nae weyiz 





\... BBindhes bore 


S ierth alin tain 


 armcan coor. i, ia 


+ € bunterbore 









































3 vy Cac 






























































. . Cobetetbbre 























ane 











— * 



































“RUS H.” 


REVENUE STEAMER 


BOSTON, MASS., FROM THE DESIGNS OF MR. CHARLES EMERY. 


Description, see Page 456.) 
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PATENT LAW REFORM. 

Ir seems the Attorney-General still entertains 
some hope of proceeding this session with his Patents 
for Inventions Bill. Although, as is well known, 
the Bill is not in all respects what we should wish, 
there are reasons, and ee ones, why we should 
like to see the matter settled. To begin with, the 
uncertainty of the last few years has been very 
harassing to all who would be directly affected, be 
it for good or evil; by an alteration in the present 
law. Inthe next place, there are defects in the 
present system which urgently demand attention. 
Of these defects there is one which, in view of two 


recent decisions, has a special interest at the present | P® 


time. It has reference to the prolongation of patents 
beyond the term of fourteen years for which, as the 
law now stands, they are originally granted. For- 
merly, where a patentee had spent a large amonnt 
of time and money in developing and introducing 
his invention without having derived a proportionate 
benefit ; or when from any other cause he failed 
to obtain a reasonable amount of remuneration for 
his invention during the fourteen years’ term of his 
patent, the only course open to him was to endea- 
vour, by special Act of Parliament, to obtain an 
extension of the patent privilege. This, of course, 
was at best a very costly undertaking. To meet 
such cases in a less expensive manner, vision 
was made in the Act 5 and 6 Will. IV., c. 83, for 
obtaining an extension by petition to His Majesty 
in Council; under Section 4 of that Act the Queen 
is empowered, after report from the Judicial Com- 
mittee, to grant new letters patent for a term not 
exceeding seven years after the expiration of the first 
term. A subsequent Act (7 and 8 Vic., c. 69) after 





| rediting that it was expedient for the further encou- 


t of inventions in the useful arts, to enable 
the time of monopoly in patents to be extended: in 
cases in which it could be satisfactorily shown that 
the expense of the invention had been ter than 
the time then limited by law would ice to reim- 
burse, enacted that it should be lawful to grant an 
extension thereof for any time not exceeding four- 
teen years, in like manner and subject to the same 
rules as the extension for a term not exceeding 
seven years had, theretofore, been ted under 
the powers of the Act 5 and 6 Will. IV.,c. 83. This 
latter statute is virtually a dead letter—there being, 
we believe, only one case, that of Holmes’ patent 
for improvements in magneto-electric machines, in 
which a prolongation of over seven years has been 
granted. Holmes’ patent was prolonged for ten years, 

Unfortunately, not only are sppliestioas to the 
Privy Council very —_ but the result is frequently 
very unsatisfactory. For instance, in the case of 
Sir William Palliser’s patent of 27th May, 1863, for 
‘improvements in projectiles for ordnance” (the 
well-known chilled metal projectile patent), the 
War Office opposed the application, and all prolon- 
gation was refused, although it was proved that at 
the request of the Commander-in-Chief, and also of 
the then First Lord of the Admiralty, Sir William 
Palliser, to carry out his experiments in relation to 
this patent, had retired from his profession in the 
army and taken a retired major’s place when his 
regiment was ordered to India, thereby sacrificing 
all hope of advancemeht in his profession, which in 
his accounts he had estima at over 11,0002, 
whilst the whole amount of the profit that had 
been derived under the patent was, according to 
their lordships’ judgment, less than 20,000/. If 
from this we deduct the 11,000/. above mentioned, 
Sir William Palliser for his fourteen years’ labour 
received somewhere about 9000/. only, in respect of 
an invention which it was proved had saved the 
country over two millions sterling, in addition to 
giving the advantage of enabling our fleets to be 
armed with the most effective projectiles at short 
notice. 

A still more recent case affords another striking 
illustration, what we deem to be the inadequacy 
of the law as it now stands to meet the require- 
ments of the various cases which arise in practice, 
We allude to the case of Mond’s patent, decided 
on the 6th inst. The petition was presented by 
Mr. Ludwig Mond, a chemist, at Appleton-in- 
Widnes, Lancaster, as the patentee, and by the 
executors and trustees of the will of the late 
Mr. Hutchinson, the assignee of a moiety of the 
beneficial interest. in the concern, for the prolonga- 
ee ee oe 
ago, in of an invention of certain improve- 
mentsin obtaining sulphur and sulphurous acid from 
alkali waste, which latter is uced in enormous 
quantities by alkali makers, so much so that 24 tons 
of waste are usually produced in the manufacture of 
each ton of alkali. The waste fouls the air and 
pollutes and poisons any water with which it may 
come into contact, and is considered highly injurious 
to health and life. It was proved that Mr. Mond’s 
invention was one of great practical utility, enabling 
the waste to be utilised, and rendering it virtually 
innocuous. And it was shown by the accounts that 
only about 4000/. had been realised under the patent 
in thiscountry. Yet the petition was dismissed, and 
~ tame nd a remarkable reason. It appears that 

invention had been patented also in ce, and 
that some 3000/. had been realised under the French 
tent, Hence it would seem that the reward to 
which an inventor is entitled in this country is to 
be measured not by the extent of benefit likely to 
accrue to the people of this country, but inversely 
according to the amount of profit he may have 
realised elsewhere. This is undoubtedly a novel 
proposition, and a very startling one, 
th the foregoing cases, in our opinion, go to 
show that the present system is eminently unsatis- 
factory. Of course, nothwithstanding all the pains 
the Judicial Committee may take, it is in the nature 
of things impossible that the result should in every 
case give satisfaction to all concerned. On the 
other hand, we think the law might be improved, 
as we have reason to know that the Attorney- 
General favourably regards the s ion that his 
Bill, which provides for a of 
twenty-one years’ duration, should be ified so as 
to enable existing patents to be extended to a similar 
term from their original dates. In this respect the 
measure would be most welcome, provided the exten- 
sion of time were not in any way left to the arbitrary 
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nt of the authoriti It has been 
deoF betore extontin existing gulens to teem 


g an 
one ‘years it should be subjected to the same process 
of examination as would be an application for a new 
patent. There would be no objection to this if the 
method of procedure were such as to commend itself 
to the approval of those interested. But if the 
examination is to be conducted on the repressive 
system, or if the mere opinions of examiners and 
others are to have assigned to them the importance 
and prominence foreshadowed in the Bill as it now 
stands, then we should prefer matters being left as 
they are, seeing that the instances of dissatisfaction 
would be infinitely more numerous and more serious 
than at present. J, 


CONTINUOUS RAILWAY BRAKES. 

WE publish elsewhere a valuable report recently 
forwarded by the Belgian Government to our 
Board of Trade, on the subject of continuous rail- 
way brakes. The Administration of State railways 
in that country, fully aware of the importance of 
obtaining the best available means for the control 
of trains, have since a long time given a fair trial 
to various systems of brakes which promised to give 
good results, Experiments were conducted with 
the Achard, Masin, Heberlein, and others, which 
however were thrown aside, and careful attention was 
given to the system which in 1873 appeared the most 
oa that had yet been inieoduent This was the 

estinghouse atm 
viously tried in this country, and which has 
been working with excellent results upon the Metro. 
politan District Railway. The experiments with this 
system showed, as might have been gener a 
superiority as com with the hand brakes of 
about 3} to 1. The experimental trains passed into 
re service, and showed consistently their 
efficiency and reliability. The defects of the system 
were however - fully i ya by the Railway 
Administration, the chief one being the delay that 
ve ome 4 Se rote mn n the 

er e ly apprecia e advantages 
Tema 
ollowing : 1. Comparative O88 0! 
action, 2. The facility of gradual application and 
the fact that the driver of train could control the 
brake. 3. The distribution of elastic on 
all the wheels throughout the train. 4. Its applica- 
ae to every na - we ae 5. Its nae she - y 
to derangement. 6. Its on being independent 
of the motion of the train. 

Between 1873 and 1875 financial reasons prevented 
any further adoption of the s on the part of 
the Belgian Government, and in the course of that 
year the new form of brake perfected by Mr. West- 
inghouse, and knownas the Automatic, was submitted 
to the Administration, and at the same time another 

which had also been acting, b t into 
notice—the Smith vacuum—was submitted to the 
consideration of the Belgian railway authorities. It 
was therefore decided to disregard the various other 
systems which showed more or less promise, and to 
confine attention in the new series of experiments 
solely to the automatic and vacuum brakes, 
Accordingly .two similar trains were fitted with these 
apparatus, and a number of carefully conducted ex- 
periments were made with them, and which are re- 
corded in the report. The comparative results 
obtained corresponded very closely with those des 
duced from similar trials in this country, but it will 
be noticed that with neither brake did the stops 
made approach those attained on the North British 
Railway. It is to be regretted that the times occu- 
pied in making the stops are not recorded in the 
report. It will be noticed also that all the experi- 
ments were made at low speeds, so that the respective 
ities of the two systems were not by any means 
developed as they have been in this country. Still, 
as will be seen in the report, the results were so 
decidedly in favour of the automatic brake as 
regards its promptness and efficiency, that’ the 
Committee reported unanimously in favour of its 
adoption, and acting on this view, the Adminis- 
tration has accepted the Automatic as the standard 
brake throughout all the State ot and its appli- 
cation will be commenced immediately. The - 
mittee are also unanimous in their conclusion that 
the system they have proved to their own satisfac- 
tion, to be so superior to the vacuum brake, that they 
recommend it, in spite of the greater cost, will prove 
far less expensive in maintenance and working than 
the latter, and they take pains to point out tha 
ven ag Bae the short ence obtained, an 
ison nature of the » that the apparent 
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advantage in first cost is ‘‘ more deceptive than real, 
the cost of maintenance being higher for the Smith 
brake than for the Westinghouse, either automatic 
or atmospheric ;” while the quantity of steam re- 

uired to work the fost-nemed is ter than for 
either of the other two, and therefore the cost of 
each stop made is greater. 

The Belgian Government in taking this prompt 
action in the brake question, are to be con- 

tulated upon the selection they have made. 

hatever may be the drawbacks to having the 
railway system of a country vested in one central 
Administration, such an arrangement has, at 
least, this advantage, that it is free from all the 
conflicting interests and opinion, which in England 
render concerted and uniform action almost, if not 
quite, impossible. This isillustrated by the Govern- 
ment publication just issued containing the corre- 
spondence between the Board of Trade and the 

ilway Companies Association, in which the re- 
presentatives of the great lines of this country all 
advance conflicting statements, relative to the effi- 
ciency of various brake apparatus. We shall refer in 
detail to this publication next week. 

We believe that a series of trials with continuous 
brakes is shortly to be carried out in Germany under 
Government auspices, and we trust that they will 
be conducted in such a way as to develop to the 
utmost the full capacity of all the different systems 
competing, that is to say, that the trials should be 
exhaustive, and made with similar trains, consisting 
of at least ten or twelve carriages. So far as this 
latter feature is concerned, we believe it has been 
the intention of the railway authorities only to fit 
up four or five carriages on each system, but it need 
scarcely be pointed out that so limited an application 
would fail in giving anything like conclusive or satis- 
factory results. 


THE SHIPWRIGHTS’ EXHIBITION. 
Tue Exhibition of Naval Models promoted by the 
Shipwrights’ Company, and held in the Fishmongers’ 
Hall, to which we referred last week, was closed on 
Saturday last after a career which was far too short 
to enable the public, or even the shi ing community, 
to visit itin such numbers as aan [ esired, or as 
the interesting nature of the collection deserved, 
It is scarcely too much to say that the Exhibition 
closed just as people were becoming interested in it, 
and many experts would have visited it over and 
over again, had there been time allowed, to compare 
notes and to study the various types of naval archi- 
tecture brought together. A month at least should 
have been allotted to the Exhibition to give it a fair 
chance, and the interest created by it would certainly 
have increased rather than diminished by a longer 
period. ‘The twelve days it was open to the public 
were scarcely sufficient to make its existence known, 
or at least realised as an attraction, to more than a 
comparatively limited number of persons specially 
interested in the subject. We understand that the 
Fishmongers’ Hall could only be obtained for the 
short period of a fortnight, and of course circum- 
stances of this kind, much as they are to be regretted, 
cannot alwaya be avoided. As however we wish to 
speak of the matter in no grudging spirit, we must 
fully recognise the fact that it is much more fitting 
to tender our thanks to the Fishmongers’ Company 
for making their hall available during a fortnight’s 
exhibition, than to complain of their not doubling or 
trebling the length of the period. 

‘Another matter for congratulation is that the 
models, although they have disappeared from the 
Fishmongers’ Hall, are not entirely lost to the public, 
as many of them now, we believe, form part of a 
larger and more comprehensive exhibition of marine 
objects collected at the Royal Aquarium, West- 
minster. They are likely there to find a wider, 
although perhaps a less appreciative audience than 
in their former quarters. 

On Monday the awards (which we reprint in a 

aph on another page) of the judges on the com- 
petitive designs were published, and nothing could 
more fully bear out theremarks we made last week on 
the subject than the manner iv which these awards 
have been distributed. In some cases the finish 
and elaboration of the model have certainly been 
ae before the beauty and general merits of the 
orm, This is so especially with the sailing ships. 
Two of the three models “ highly commended” 
shared the honours in design with the “ first prize” 
model in the opinion of many well-known experts, 
and it would have required something akin to in. 
n gg to decide which would turn out the best 
ship. We will not go through the ungracious task 











of endeavouring to show that all of the above models 
should have ranked above the one to which the 
second prize is awarded. We admit the whole 
matter rests simply upon taste and judgment ; and 
that among the competitors in the class of sailin 
ships exhibited there were so many excellent models, 
so nearly alike and so nearly resembling the t 
of many successful ships, that no one could possibly 
place them in order of merit as specimens of naval 
design with any degree of certainty, or upon any 
known basis derived either from theory or ex- 
rience, Of course in saying this we are speaking 
rom the models alone, and not in view of any other 
data that might have been supplied to the judges. 
We assume that the judges could not have gone into 
any of the calculations, and failing this there are 
few better guides than the model in judging of a 
sailing ship. It would be interesting to Jearn the 
grounds on which the judges based their decision, 
as we cannot suppose they drew lots or balloted for 
the prizes, although under the circumstances we 
should have been much tempted to settle the matter 
in that way ourselves, 

In Section C for yachts, again, it must have been 
either very easy or very difficult for the judges to 
decide, If it turned upon the fairness and finish of 
the model with an unconscious bias towards some 
particular ideal form, the matter could have been 
settled easily enough in a spirit of mutual concession, 
or perhaps by vote. How wouldit have been, how- 
ever, if one or more of the judges had stood out for 
proof that the favoured model*would make a superior 
vessel to the others? Curiously enough in the 
schooner class the two prizes are awarded to models 
that appear not to have been built from, while the 
fourth on the list of merit, “ highly commended” 
but without a prize, is a model of the Miranda, a 
new vessel that has been astonishing the yachting 
world by her wonderful successes during the past 
week. ‘To all appearances she is the fastest schooner 
of her size afloat, and it must require no little faith 
in the prophetic powers of the judges to believe that 
the shes three untried vessels would excel her 
wonderful performances, or that they would be in 
any sense of the term better vessels. 

The decisions, too, in the case of the tugs, barges, 
and smacks, must have been decided upon groun 
that would not go far towards legal proof, or bear 
much resemblance to one of Euclid’s demonstrations, 

No prizes were awarded in the classes for Channel 
Passenger Steamers, River Passenger Paddle 
Steamers, and River Tugs. 

In the class for screw steamers for cargo only, 
of about 1500 tons measurement, the first 
prize was awarded to a good healthy-looking design 
of unquestionable merit, and the second prize is given 
to a good model of its kind but of unusual dimen- 
sions, being broad and shallow, and we are by no 
means sure the vessel would not be unduly stiff 
and a heavy roller, and that she has not taken the 

rize away from designs that in practice would pro- 
anes far better sea boats and vessels more suitable 
for general cargo-carrying purposes. 

‘The awards that have created the greatest sur- 
— are those in the steamers of the first class. 

his section comprises: Steamers of the largest 
class suitable for 2 through the Suez Canal, 
for carrying on our Indian and China trades. 
Steamers adapted both for goods — ne, 
for service between England and Australia within, 
say, 42 days without coaling ex route. And 
steamers of the largest type, for the ger- 
carrying trade between Great Britain and the United 
States. These were the most important vessels of the 
competition, and naturally to them were attached 
the most valuable prizes of the Exhibition. It is 
needless to say that much interest centred in these 
models, and much speculation prevailed as to the 

robable winners of the prizes. Seldom, however, 
~ the instinct of the outside world been more at 
fault. It would be useless to enumerate the models 
most fancied among these large steamers, but cer- 
tainly, so faras we can learn, neither the winners of 
the first or second prizes figured very prominently 
among them. 

It is true that in this class of all others the 
models alone are most imperfect guides, and very 
often most misleading ones. We pointed out last 
week that the best merchant steamer fora given 
trade is the one which will pay best in that trade, 
and that it is only by going carefully into the question 
of weights and checking the calculations put forward, 
that the real qualities of the vessel can be ascer- 
tained. And we pointed out moreover that these 
qualities must then be judged by full and complete 


ds | the judges which more than com 


data as to the conditions and p of the 
— trade for which the vessel is intended 

ve these obviously essential matters been kept. 
steadily in view by the judges? This is a question 


g | on which we desire to speak with all reserve in view 


of the high itions occupied by the ju and 
their seule ability. They had polite all the 
documents and drawings supplied by the designers 
before them, in a more complete form than was 
accessible to others, and we have not the slightest 
doubt they based their decisions upon grounds that 
were to themselves perfectly intelligible and satis- 
factory. We must confess, however, that to us the 
grounds for the decisions are by no means clear, and 
this we are inclined to think isa state of mind shared 
by a good many who have given some attention to the 
subject. 

e have said that, judged simply by the models, 
the successful designs looked by no means likely to 
carry off the honours, Let us apply another test, 
viz; the fitness of the vessels for their respective 
trades. 

The design to which the first prize is awarded, is 
described in the catalogue as a “‘ whole model of an 
iron screw steamer for the China trade, of 4417}4 
tons B.M. and 600 nominal horse power.” Is this 
the size or kind of vessel that could be worked 
successfully in the China trade in times like the 
present? Letus ask any of the brokers in the City 
of London whether they could fill up such a vessel 
with cargo either on the outw or homeward 
voyage. Again, ask any of the steamship companies 
engaged in this trade whether after the experience of 
the last three or four years they would dare to build 
a huge vessel like this for such a trade? It is well 
known that the vessels which have beaten all others 
in this trade, do not exceed about 2000 tons B.M., 
and a slightly higher gross register tonnage, vessels 
about 330 ft. long, 35 ft. beam, and from 24 ft. 6 in. 
to 25 ft. 6 in. depth of hold, and about 320 nominal 
horse power. And yetthe first prize in the Exhibition 
is given to a vessel of double this size and double this 
horse power ; to a vessel totally unsuitable for the 
cargo trade, and fitted up for an absurdly small 
number of passengers. We do not for a moment 
doubt that there were merits in the design visible to 
msated for want 
of form and character in the model, and for unsuit- 
ability for the trade. We should much like to learn 
what they were. 

Again, in the case of the model to which the 
second prize was awarded we cannot but think that 
a careful analysis of the figures would show the 
vessel is too fine and has insufficient displacement 
to pay in the Australian trade. The description in 
the catalogue is as follows: “Half model of a 
steamer pted for goods and passengers for 
service between England and Australia; 400 ft. 
length over all, 42 ft. breadth, 36 ft. depth, 2500 
indicated horse power, 6200 tons displacement, to 
run the distance in 42 days without coaling ex route.” 

It cannot be objec however, to this model, 
like to the “first prize” model, that the dimensions 
are entirely unsuitable to the trade for which she 
isintended. And without having all the particulars 
of the vessel we will not venture to do more than 
hint at the possible deficiency of displacement, and 
the excessive fineness. To our minds the model had 
not such a healthy look about it, if we may use 
the expression, as the model selected for the third 
prize, and some others, the merits of which received 
no recognition from the judges. As we anticipated 
last week the weak part of the Exhibition has been 
the distribution of the prizes. This, however, is no 
discredit to the Shipwrights’ Company, whose aims 
and intentions throughout have been of the most 
laudable character. 

We trust they will persevere in the same course 
and if possible make their exhibitions annual. We 
do not despair that even in the matter of awarding 
the prizes sufficient improvements will be made in 
time to meet the case fairly enough, and none will 
learn more from the various competitions than the 
exhibitors themselves, while it is only reasonable to 
expect that the result will be beneficial to the 
maritime interests of the country. 


THE UNIVERSITY COLLEGE SOIREE. 
On Thursday evening last, the Professors of Uni- 
versity College, London, entertained their friends 
at a Soirée, for which all the principal rooms of the 
College were not only called into use, but were well 
filled with a large company of ladies and gentlemen, 
among whom were several distinguished guests. It 











is said that oyer 3000 invitations were sent out, and 
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the numbers present on Thursday evening could not 
have been far short of that number. In addition 
to the many treasures belonging to the College, 
there were collected on this occasion special objects 
of interest from the domains of Nature, Science, and 
the Fine Arts; and in the Botanical Theatre, a 
charming selection of part songs, and other vocal 
music was, under the direction of Mr. Hopkins, the 
eminent organist, performed by members of the 
choir of the Temple Church. In the Fine Arts 
there was of course the celebrated Flaxman Collec. 
tion belonging to the College, and in the General 
Library a collection of pictures including —— 
of Andrea Vannucchi, commonly surnamed Del 
Sarto, and others of the Florentine and Italian 
school, There was also a collection of drawings 
by old masters contributed by Mr. J, Hardcastle, 
and in the Fine Art Library a collection of photo- 
graphs, from pictures by old masters, the property 
of the College, was exhibited. The collections 
of objects of Fine Art which the visitors on ‘Thurs- 
day evening had the privilege of enjoying were of 
the greatest interest, but they hardly come a 
within the range of the objects of this journal to be 
described by us in detail. Distributed through 
several of the rooms and galleries was a large 
number of microscopes, some of which were shown 
by private gentlemen, but the majority by manu- 
facturers, who, as is usual on such occasions, made 
a goodly show of brass-work and business cards. 
the Engineering Class rooms there were some 
very interesting mathematical and mechanical 
models, some in illustration of geometrical surfaces 
to different equations, and some the mechanical trac- 
ing of conics and other curves by the movements of 
rigid rods or stretched strings, whose motions were 
controlled or determined so as to agree with certain 
mathematical statements defining those curves. In 
these models the result was arrived at by several 
means. In some a pencil traced the curve on 
a sheet of paper, in others the figure was formed by 
the scraping or piling together of sand scattered 
over a glass plate, and in a third arrangement two 
frames upon which were stretched coloured silk 
threads moved over one another, and at the inter- 
sections of certain pairs of threads were placed 
small riders of wire upon the top of which were 
attached little discs of white paper, which, as the 
frames were displaced with regard to one another, 
obeyed the immutable laws which governed their 
positions and formed, ina very beautiful manner, conic 
curves, of which the ellipse was perhaps the most 
striking, for by simply moving the frames it ex- 
panded or contracted between a large ellipse and 
one so small that the discs were in contact and 
formed a continuous white line. In a fourth 
method of showing surface curvatures the result was 
obtained by the interference or intersection of silk 
cords attached to curved or rectilinear rods, which 
could be moved into certain positions, but this 
system has been made familiar by the splendid col- 
lection: at the Musée des Arts et Métiers at Paris, 
and more recently by a few specimens in the South 
Kensington Museum. 
In the same department there was a very in- 
genious application of the optical toy known as 
the zoetrope, or ‘‘ wheel of life,” for illustrating 
certain mechanical combinations in motion. Several 
of the diagrams in Professor Reuleaux’s work upon 
Kinematics, which has been so ably translated by 
Professor Kennedy, were illustrated in this way, 
and the various phases of the diagram were so 
accurately drawn that the deception was perfect, 
and the machines illustrated appeared to move in a 
perfectly continuous and regular manner. One of 
these was a diagram of a rotary engine and pump, and 
as illustrating the accuracy with which some of the 
diagrams were drawn, two examples were especially 
remarkable; one was a of a pendulum 
regulating a dead-beat escapement, which we need 
not remind our readers owes its accuracy to the 
perfection with which the curved faces of the 
pallets slide over the teeth of the escapement wheel, 
and this was so perfectly shown in action in the 
zoetrope that it was impossible to detect an irregu- 
larity in its action. ‘The other example was a 
walking skeleton, in which the swinging of the arms 
and the slight rising and falling of the body were 
——— imitated ; the life-like action of this death- 
ike figure caused great amusement, which was 
heightened by the ingenious idea of placing a 
number of black spots or foot-prints, whose number 
being one less than that of the figures, and equal 
to the number of slits through which they were 
seen, appeared to remain stationary while the figure 





alarm treading accurately on each as it passed. 
hen the instrument was reversed the figure, of 
course, oe to walk backwards, producing a 
stilf more ludicrous effect. These diagrams, as well 
as the mathematical models to which we have 
alluded, were made by M. Paul Robin, M.Sc., who 
holds the position in the College of instructor in 
the work-room, and they are all very beautiful 
specimens of accuracy of workmanship and perfec- 
tion of performance. 

In the Physical Laboratories there was a collection 
of instruments connected with physical research. 
Messrs, Elliott Brothers contributed a specimen of 
Sir William Thomson’s Replenisher, which we illus- 
trated and described in these columns a few weeks 
ago.* Its effect was shown by its being connected 
with a gold-leaf electrometer. The same firm also 
exhibited Sir W. Thomson’s quadrant electrometer, 
which we have also described in a previous article, 
as well as the whole arrangement in action devised 
by Mr. Latimer Clark for measuring the electro- 
motive force of a voltaic couple, and which forms 
the basis of the method adopted by Dr. Burdon- 
Sanderson, F.R.S., in his electro-physiological re- 
searches described in another part of the present 
issue. 

Mr. Hicks exhibited a series of Mr. Crookes’s 
radiometers, one of which having cups of aluminum 
bright on both surfaces, disposed on radial arms 
after the manner of Dr, Robinson’s anemometer, 
presented the apparent anomaly of rotating in one 
direction under the influence of heat, and in the 
other under that of light. When the bulb of the 
instrument was ped in both hands the cups 
immediately rotated with their convex surfaces 
forwards, but on removing the hands and allowing 
the radiation from a candle to strike upon the vanes 
they first stopped and then rotated in the opposite 
direction. e say an apparent anomaly, use 
the difference is more apparent than real, as it 
must be borne in mind that the source of radiation 
is applied differently in the two cases, 

In the Physical Lecture Theatre, Professor Carey 
Foster, F.R.S., had on the table a portion of the 
—— designed by him for determining a measure 
of absolute electrical resistance. The parts exhibited 
were three in number, (1) a machine for aera pea 
a constant electrical current, (2) the framework an 
bobbins of the large absolute tangent galvanometer 
which has not yet been wound, and (3) the recording 
apparatus. (1.) The first instrument consists of a 
vertical ring or bobbin, round the circumference of 
which is wound between 900 and 1000 turns of in- 
sulated copper wire of about .018 in. in diameter. 
This ring is mounted on a vertical axis and it is in- 
tended to be kept rotating at a uniform speed by 
being driven by a steam engine or other motor. 
Below the spindle and rotating with it is a cylinder 
of ivory, carrying at opposite ends of its diameter 
two platinum contact pieces which respectively form 
the terminals of the wire which is wound on the 
rotating ring. Against this cylinder, also at oppo- 
site ends of its diameter, are pressed the circum- 
ferences of two horizontal contact wheels whose 
peripheries are of platinum, These wheels are in 
mercurial contact with the attachment screws which 
form the electrodes of the instrument. By this ar- 
rangement it is clear that when the ring is rotating, 
contact is made between the electrodes and the 
annular coil every time the platinum contact pieces 
touch the wheels, that is twice in every revolution, 
The electrical current is produced by induction 
from the magnetism of the earth, a current 
flowing through the wire every time the ring cuts 
the magnetic meridian. There are, therefore, two 
electrical impulses in the wire to every revolu- 
tion of the coil, and these impulses or currents 
are alternate in direction, but from the construction 
of the instrument and the disposal of the contacts it 
will be seen that while there is alternation in direc- 
tion within the coil, the direction is constant in any 
external circuit joining the electrodes; for, as the 
current is reversed so is the position of the contact 
pieces, and the result is that a current of electricity 
uniform in direction is produced. To the upper 
spindle is attached the apparatus by which the 
number of its revolutions is counted ; it is simply a 
worm and wormwheel, the latter making one revolu- 
tion to every hundred of the coil, and being i 
with a projecting pin it makes electrical communi- 
cation with a contact spring once at every revolution 
of itself, and, therefore, at every hundredth revolu- 
tion of the induction ring. The whole instrument is a 





* See ENGINEERING, page 319 ante. 





beautiful elaboration of the idea first su, and 
carried out by Faraday for the production of elec- 
tricity by induction from terrestrial magnetism, 

(2.) The second instrument, the Galvanometer, 
will, when completed, be a magnificent instrument, 
possessing great stability and perfection of adjust- 
ments. In it the bobbins or grooves upon which the 
coils will be wound are cast in one piece with the brass 
framework of the instrument, and the adjustments 
for centering the axes of the suspended needle are 
extremely simple and well designed. 

(3.) The Recording instrument is essentially a 
Morse chemical printer carrying three marking stiles 
side by side, so that the signals are given on three 

arallel lines on the moving ribbon of paper. - The 

rst of these stiles is connected with a clock, and 
marks seconds by the periodical making and breaking 
ofthe current. The second is connected with the 
counting apparatus of the electro-motor, and gives 
a signal at every hundredth revolution of the latter 
side by side with the time line indicating seconds. 
The third stile is connected with a key, which will 
be pressed by an observer watching the galvano- 
meter at the moment when no current is passin 
through it, or more correctly <r gee | when al 
currents passing through it neutralise one another, 
The Recording instrument is therefore a chrono- 
graph, in which time signals and speed signals are 
recorded automatically, and simultaneous signals 
may he registered side by side with them by making 
contact with a key. 

This investigation, in which Professor Carey Foster 
is engaged, is of the highest importance to electri- 
cians and telegraph engineers, and will doubtless 
form a most valuable sequel to the researches of Sir 
William Thomson, Dr. Joule, and Professors Clerk 
Maxwell and Fleeming Jenkin, 

Professor Carey Foster also showed a simple but 
very curious experiment illustrative of the effects 
os by Fem Reng | and momentum, 

ver a grooved pulley, whic’ multiplyi 
could be rotated on a horizontal axis oy figh 
velocity, was suspended a light endless chain, the 
lower portion of which being free formed a catenary 
curve when the pulley was at rest. When, however, 
the pulley was rotated, the loop at the free end 
swelled out as the speed increased into a semicircle 
similar to that part of the chain which was running 
over the pulley, and the two portions of the chain 
hanging from the two sides of the pulley became 
parallel or nearly so. If, when the chain was running 
ata very high velocity, it were slightly displaced from 
the perpendicular, and then left to itself, the combina- 
nation of its tendency to become vertical, and what 
might be called the * ic” influence of its 
high velocity and centrifugal force produced a 
curious serpentine wave which passed slowly and 
steadily downwards. This slow pro ive move- 
ment of the wave, notwithstanding the fact that 
each particle of the chain composing it was running 
at a speed of something like three-quarters of a 
mile per minute, was very curious and interesting. 
The most curious effect, however, was produced by 
throwing the chain off the pulley while running at 
its highest velocity. Tnstead of falling in a heap it 
ran along the ground in a vertical position ing 
a hissing noise, and remaining stiff and rigid as 
when hanging from the pulley. The friction pro- 
duced by its contacts with the floor as well as the 
small momentum stored up by reason of its light 
construction, soon brought it to rest, but in several 
instances it ran in an upright position for distances 
of 10 ft. to 14 ft, 

In the Physical Instrument Room, Professor 
Foster had arranged atrain of instruments forshowin 
the Polarisation of Radiant Heat and also an exceed- 
ingly simple and ingenious experiment for illustrating 
the alternate condensation and rarefication of the air 
within an organ pipe when it is speaking. Two 
holes were bored in the upper portion of a wooden 
organ pipe; and in communication with them, by 
means of flexible tubes, were two little syphon mano- 
meters, the one being fitted with a valve opening out- 
wards and the other with a valve opening inwards, 
The former allowed of course only the condensations 
to affect its manometric column, the other permitting 
only the effect of the rarefications to . When the 
pipe was sounded, the one column fell and the other 


ed | rose, and the motions of both being equal, indicated 


that the condensations and rarefications are equal too, 
There were other objects of interest exhibited to 
which we cannot, for want of space, further allude. 

The large portico of the college was lighted up, 
and formeda cool open-air promenade, ere the 
band of the Coldstream Guards played during the 
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evening, and was one of the best appreciated attrac- | sewage 


tions of the Soirée. Nothing seems to have been 
omitted in providing for the enjoyment of the 
guests who, judging from the late hour at which they 
began to disperse, thoroughly appreciated the efforts 
that had been made for their entertainment. 





THE SEWAGE QUESTION. 

In two previous articles we have drawn attention 
to some of the most important matters that were 
discussed at the Conferences on Sanitary Questions 
held at the rooms of the Society of Arts early in the 
past month. The most important matter that re- 
mains to be noticed is that of the escape of sewage 
gas into dwellings. On this subject two valuable 

pers were contributed respectively by Mr. Rogers 
Pina and Mr. Richard Weaver, C.E. Mr. Field 
drew attention to an alarming outbreak of fever 
which occurred in 1852, at Croydon. On careful 
examination by oes and chemical autho- 
rities, it was concluded that one of the chief causes 
of the outbreak was the escape of foul air into the 
houses through the defective construction and ab- 
sence of ventilation of the sewers and house drains. 
In 1875, a similar outbreak occurred, and Dr. Bu- 
chanan, in his official report, stated as a general 
conclusion, that the chief way in which the enteric 
fevers spread was the most direct and commonplace 
of all, namely, by the escape of infected air from 
the sewers into the houses, and its inhalation by 
persons susceptible to the disease, ially in cases 
where, as at Croydon, the house ins and soil 
pipes are in uninterrupted communication with the 
public sewers, so that the air of the latter is, as it 
were, laid on to the houses, Hence arises the abso- 
lute necessity of preventing, as far as possible, the 
formation and accumulation of sewer gases, and the 
severance of the direct communication between the 
sewer and the house. 

After pointing out a variety of methods, some of 
which have been already noticed in ENGINEERING, 
oe these desirable results may be obtained, 

. Field entered into the legal aspects of the case. 
We quite a, with him in the opinion that the 

Board of Health, or analogous sanitary au- 
thority, should have a proper set of bye-laws pre- 
pared for house-drainage, in the absence of any such 
at the present time. e next step should be that 
the sanitary authority ought to insist on these bye- 
laws being rigidly carried out in all cases of the 
erection of new houses, gr of new connexions of 
existing houses with the sewers being made. This 
would put a stop to the present evil of new houses 
being continually built with all the drains in direct 
connexion with the sewers, in such a manner that 
the passage of sewer gases into the house is a 
matter of absolute certainty. In reference to old 
houses the case is more difficult, as such bye-laws 
could not be generally enforced. But if the know- 
ledge of the ratepayers in this matter were increased, 
it is possible that the difficulty might eventually be 
overcome, 

The paper contributed to the conference by Mr, 
Weaver was excellent but discursive, and travels 
over old ground. But one remark deserves record. 
ing as hitting effectually at perhaps the actual root 
of the low re | state of our houses arising from 
the introduction of sewer gases and other causes of 

llution. _ Mr. Weaver conceives that the remedy 
or prevailing errors lies in a recognition of their 
existence, less by legislative action than by reform 
within the bosom of every family without dis- 
tinction. He states, and justly, that the larger and 
more important residences are relatively worse in a 
sanitary condition than the humbler abodes of the 
working classes, causing necessity for a more fre- 
quent change of air an 
state of the atmosphere of metropolitan mansions. 
Much of the minor but almost daily complaints of 
nausea, headache, &c., are thus caused, Mr. Weaver 
refers to the case of the Mansion House, some of 
the Government offices, &c., cases to which attention 
has already been drawn in our columns. 

While mainly agreeing with each cf the gentle- 
men from whose papers we have given abstracts, we 
suggest that e surface of the question has 
been noticed, ere has been nodistinction drawn 
between sewer and sewage gas except by the alter. 
nate use of these words to explain the same mean- 
ing. But a radical and essential difference subsists 
between the terms, Sewage, that is the liquid refuse 
of the house of all kinds, if kept constantly in mo- 
tion from its source to the end of the outlet of the 
main sewer, will not give off sewer gas. But 


locality, due to the foul | },. 


, detained in the sewers, from continuous 
outfloc’s and quick motion, generates sewer gas; 
which from the defective arrangements of tha,con, 
nexion with our house-drains and the sewers must 
necessarily lead to the entrance of the gases into 


may refer to the case of a fashionable town in Eng- 
land, having a population of 20,000 persons. 
During a period of fifteen months, including two 
hot summers, the main sewer presented not the 
=— smell nor the least sign of the presence of 
sulphuretted hydrogen, one of the most prominent 
signs of sewer gas. But why? Only because the 
flow was rapid to the outlet, and the sewage had no 
time to undergo decomposition. In the daytime 
the streamin the sewer averaged a depth of 16 in. 
with a width of about 2 ft., while during the twelve 
hours from § P.M. to 8 A.M. at night the flow was 
scarcely 3 in. each way. In fact the house drains 
and the sewers were kept constantly clean by the 
regular and rapid daily flow, and the scientific con- 
struction of the sewers, which prevented ahy de- 
posit being formed or localised. 

Sewer ventilation is an important question, but 
its solution is yet far from easy. We have to con- 
tend in most places with badly constructed sewers, 
over-crowded localities, and a variety of other diffi- 
culties, that for the present seem insuperable. The 
various exhibits that have hgen made at the meeting 
of the Social Science Congress and other societies 
are, in many cases, palliatives of the sewer gas 
danger, but not one really reliable plan has yet 


real success can be attained we must begin at the 
beginning—that is, reconstruct our house drains 
and our branch and main sewers. The hen and 
water companies are continually forced to this plan 
if an increased supply of their products be required. 
They lay new service pipes to houses and enlarge 
their branch or main pipes in the streets according 
as increased demands are made on their resources. 
But our sewers and house drains are left to their 
fate, as are also our fellow men, simply because, 
while we are not ignorant of the remedy, dué de- 
cause we are too indolent to apply it. On this 
matter we need not enlarge, as we have given 
abundance of facts and remarks on the subject in 
our last volume, in our issue for November 10th, 
1876. 

One remarkable omission was made at the recent 
conferences ; it was that of the non-mention of the 
dust-bin in use in houses supplied with water- 
closets. The dust-bin, in such cases, when not 
utilised or annihilated as by the adoption of the 
Rochdale and similar systems, is perhapsas dangerous 
asource of disease as the sewer gases, and in some 
cases infinitely worse. The mixture of animal, 
vegetable, and mineral matter produces gases far 
more dangerous than those of the sewer, and again, 
the a action that goes on is continuous, 
owing to the delay in removal of the refuse. In 
many houses of the metropolis the dustbin is for 
months together a fermenting heap that might be 
chosen fitly for its power of generating typhoid 
disease, and gradually undermining or utterly and 
suddenly destroying the lives of those who live in 
its proximity. 





THE LATE EXHIBITION OF SHIPS’ 
MODELS. 


On this subject our Glasgow correspondent sends us the 
following remarks : 

** A considerable amount of dissatisfaction has been ex- 
pressed during the last few days among naval architects 
upon the Clyde regarding the manner in which the adjudi- 
cation of awards was conducted at the recent Exhibition 
of Ships’ Models, &c., held by the Worshipful Company of 
Shipwrights, and the remarks made upon the subject in 
t week’s ENGINEERING have been greatly appreciated 
by those persons who took part in the competition or other- 
wise took an interest in the Exhibition. It is all that 
the numerous new designs that were specially got up for 
the occasion seem to have been almost entirely passed 
over, and that the prizes have been jawarded on account of 
old models, some of which were made years ago; indeed, 
the general idea in awarding the prizes would seem to have 
been that only models of vessels which have actually been 


built and proved successful were entitled to the awards. 
new 
ill have 


In this way, the Exhibition, instead of enco’ i 
designs and improvements in naval architecture, 
a di re) ite effect. For instance, the only prize 
awarded in Australian class of vessels has been awarded 
on account of the model of a vessel to run from land 
to ey Yy 42 bap mere the due keen, at 
present on the route are taking, a speed whic’ on more 
than one occasion been surpassed vessels not 
specially built forthe trade. Now, as has very tritely 
asked, what ial merit can there be in doi i 
wanted in 





what is being done every day? ‘What is 


the house and the consequent injury to health. We | any 


been proposed. It appears, in fact, that before any ~ 


adhered to. 


ing shi i 
which, with very slight modification in 
and accommodation, 
Australia in 42 days, or even in less time. 
eight years or so Messrs. John Elder and Co, alone 
built upwards of thi , any of which, wi 
modifications just indicated, would perform the 
in from 42 to 43 days, while many of them would 
‘orm itin 40 days. These vessels range from 350 ft. 
450 ft. long, and up to 4700 tons. One of. these 
vessels, the Australia, at present running between San 
Francisco and New Zealand, last Pf made the fastest 
passage on record from England to Melbourne, 
steaming time being 41 days 5 hours; and three others 
which were built for the Pacific Steam Navigation Com- 
pany, and are at present loading on the Thames, are ex- 
to make the run in 40 days. When we bear these 
acts in mind, and consider that the steam trade to and 
from Australia is, as yet, practically in its infancy, and 
capable of very great improvement as regards. » there 
is certainly room to feel surprise at the only prize for this 
class of vessels being given for a design which, whatever 
other merits it may possess, is no improvement over the 
vessels at present running in the greatest of all requisites 
ina vessel, namely speed. 

“* The following are some of the ideas which had possession 
of the minds of exhibitors from the Clyde district. They 
thought that the Exhibition was a competition of models made 
expressly for the occasion. They not for a moment 

¢ they would be allowed to ask their loyers 
hly-finished and costly models, and 
previously.” While almitting most frankly that the judges 
previo’ ° e ig mos ej 
selected for the steamship class are, in their sinpestive 
positions, gentlemen of grent scientific and professional 
attainments, t! ape Be we and believe they 
were fully justified in expecting, the judges’ committee 
would have included su as the superintendents or 
managers of large steamship companies, gentlemen who 
certainly — A. y= ch design = — Om 
arrangements, &c., for the particular trade for w 
model exhibited was intended. 
_ While cbiseting teovne of the features of the adjudica- 
pee A in de ae te ey say that samy pene be 
ni ly to compete!again next year providing, of course, 
that much more definite regulations be iven out when 
the competition is announced, and that they are strictly 
! They likewise urge that finished models of 
ships—of which there are thousands in the United Kingdom 
that are well worth exhibiting—shall be shown as such, and 
not be pitted against models made during his leisure hours 
by a naval architect or modeller, in the hope of getting a 
ae oe known as & person who a 
wledge of the profession which he has elected to follow.”’ 


have 








PASSAGE OF THE SUEZ CANAL BY DEEP 
DRAUGHT IRONCLADS, 
Mr. Latimer CLARK, C.E., read a paper on the 11th 
inst. before the Royal United Service Institution, ‘‘ On the 
Employment‘of Clark and Standfield’s Floating Docks at 
Naval Stations and the means they afford of ting 
heavy Ironclads through the Suez Canal,” Mr. Do 
Currie occupied the ir, Mr. Scott Russell, Captain 
J.C.R. Colomb, R.M.A., Mr. Rennie, and other well-known 
gentlemen took part in the discussion which followed, and 
which was prolonged to an unusually late hour, the subject 
being one of both pressing importance and great interest, 
the paper containing many s ing facts which it would 
be well to calmly consider in time of peace to prevent our- 
selves found unprepared in time of war. The real 
economy of providing in time, and at our leisure, the 
necessary means of ir to our complicated fightin 
vessels at our distant rable points, was forcibly point 
out, and indeed there can be no doubt that few are 
aware of the helpless state into which our naval forces at 
long distances from home could be speedily thrown for want 
of a few coaling stations, cheap and portable docks, and 
the necessary ce eo connexions. 

The transport of our heavy ironclads through the Suez 
Canal has always been considered a choeeinpreele, but 
these tloating docks, provided with air cushion blocking, 
acting somewhat si ly to the well- orn Due air 
camels, appear to efficiently overcome the culties pre- 
sented by the problem; it is very obvious that in time 
of war the practical value of our most powerful ships 
would by these means be enormously increased, 








NOTES FROM THE NORTH. 
Giasaow, Wednesday. 


to 54s. lid. cash. On the follo ‘day the market was 
i and only a small amount of was done. 

the ‘orenoon 54s. 1}d. cash and one month was paid, the 
market closing with sellers at that price. ebternoon 
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firmer market in the afternoon, and 1000 tons ¢ wet ; Srd, net drifting countermi dropped 
hands at 53s. 10}d. one ee meh’ coma, b6 at the cave and exploded ; dth, isbabing: of a chain cable; 5th, 

offering 53s. 10d. cash, sellers y's market of two with charges of 100 Ib. of gun- 
was flat, mph ie Thee pe Bit done in warrants | powder ; 6th, the exploding of four mi 200 Ib. of 
at 53s. 9d. cash to one month fixed, closing with sellers over inpo with a etgpecnel and 7th, the simultaneous 
at those quotations, of a line of twelve i experi- 


Me he ge "per ton less. The after- 
noon market continued quiet at the forenoon’s closi 
quotations. A few transactions took place this forenoon a 
59s. 8d. cash and 53s. 8}d. fourteen days, closing buyers | e 
58s. 8d. cash, sellers 53s. 9d. The afternoon a > 
uiet, buyers offering 53s. 7d., and sellers asking 53s. 
tt will thus be seen that the tendency appears still o 
incline downwards, but holders show no marked disposition 
to sell, and hence the steadiness and absence of activity 
which are observable. Only a very quiet business is doing | s 
in the ne <a The recent reductions in 
makers’ prices do not seem to have stimulated the demand 
for ‘special brands. A considerable quantity of iron has 
been sent into the warrant stores, the total stock 
with Messrs. Connal and Co. up to last Friday night being 
138,679 tons, showing an increase for the wel ef 1017 tons. 
There is no alteration to note in the number of blast fur- 
naces in operation, the total being still 111 as against 116 at 
the same time last year. Last week’s shipments of pig iron 
from all Scotch ports amounted to 7733 tons, while in 
the corresponding week of last year they amounted to 
10,330 tons. 


Harbour Loan for Peterhead.—At a meaiing of the 
Peterhead Harbour Trustees held yesterday week, it was 
intimated that the Public Works Loan Commissioners had 
pointed Sir John Coode, C.E., to inspect and report on 
the works proposed to be executed at the south harbour 
with the 30,0007. applied for by the trustees. Sir John 
Coode was engineer to the Peterhead Harbour Trustees in 
1874-75, and at that time surveyed the harbour and ad- 
‘acent shores. No communication had been received in 
Porothend from him in reference to the remit by the Loan 
Commissioners, and it was ae ee that he would prepare 
his report from the data whic when engineer 
to the trustees. The Ee applica was believed to augur 
well for the success of the application made for a loan, as 
Sir John was strongly in favour of the improvement and 
extension of the south harbour. 
The Opening of the Brid: 


ae | é.—It is stated that the 
contractors for the Tay Bridge 


ve arranged with the 
company to run a train of forty wagons over the structure 
on Saturday, September 15. course the bridge will not 


be formally opened for traffic till some time later; but the 
connecting works on the south and north sides of ‘the river 
are being pushed forward with great vigour, and, as li 
interruption from the weather is now likely to be _ 
perienced, it is expected that the whole undertaking will 
completed in the course of October. The Tay Bridge 
Company, of which ex-Provost Cox is ; hope 
have the presence of royalty on the occasion, and an effort 
will be made to obtain the consent of the Queen or the 
Prince of Wales to declare the bridge open. 


Glasgow Water Trust.—At an bro J meeting of the 
Glasgow Corporation Water Committee, held on Sat nmay 
it was reported that the quantity of water in store at t e 
beginning of June was as follows: In lochs, 124 days’ 
supply ; in Mugdock reservoir, 14 days’ supply ; in Gorbals 
reservoirs, 159 days’ supply ; and it was stated that the 
a of Lae | delivered into the city and suburbs 
—- the — ng fortnight was 34,000,000 gallons 
day. Mr. Gale also submitted a reportin regard tothe tenders 
for meters for the River Supply Works. He stated that 
after considering the merits of the various meters, he re- 
commended Kennedy’s for 6 in. pipes and all sizes ‘under, 
which included the whole meters required — those for 
Messrs. John Robertson and Todd and Higginbo The 
sub-committee having considered the a ae of 
it, and recommended that the offer by t appre Ay 
pany for Kennedy’s meters be accepted, as pro; 
Mr. Gale ; but consideration as to the acceptance o' ends, 
for the meters required for Messrs. John Robertson and 
Co. and Todd and Higginbotham was delayed until it was 
ascertained how much of the water allotted to them they 
wished to take. 


Carluke Water Supply Contracts.—A meeting of the 
sub-committee of the Carluke local authority was held 
yesterday afternoon for the purpose of receiving and con- 
sidering offers for the works required to bring the water 
from Springfield to Carluke, &c. There was a very la 
number of offerers. The offer ted was that 2 of 
John Scott, Hamilton, namely, for No. 1 contract, 36201. ; 
for Leg 2 contract, 8611. ; being a total of 44811. for the 
works 


Death of Mr. John Stephen.—The death has just been 
announced of Mr. John Stephen, electrician, who for some 
years was the acting manager in Edinburgh and Leith of 
the Electric and International Telegraph Company. Shortly 
before the affairs of the company were han over to 
Government, Mr. Stephen for after that time he 
was oceupied chiefly in literary pursuits. He was one of 
the earliest promoters of the srs for the transference 
of < we | to the State, on which subject he issued 

7 lets, &c. He died at the comparatively early 

of tor A letter from Mr. S hen’s pen on the 
subject torpedoes, in which he took a deep interest 

— in the columns of the Daily Review two days 

his death. 

NOTES FROM THE SOUTH-WEST. 
Pada! spediae 2 wperiments at Portsmouth.—Some interesting 
Hanon, wader tho have taken place in a creek in Ports- 
the direction of officers 
of defence, 


of the Naval 
iBeatendive 





The first 
ment see the facility w with which an enemy’s mines 
=> be ge each countermine bent S —- 
torpedoes within an area of [120 yards. 
the gente experiment nine ounces of gun-cotton if. 
rojected at a vessel’s side, and fired by means of a cap. 
explosion in the third experiment was effected by 
means of a detonator. The force “J osion car the 
ing countermine, con‘ poe 
pplied . papers roof “ e = wth mick a sat 
mig’ ected h an enemy’s torpedoes 
fe shin cable ney 2a thicknam, at 
wi o! -cotton, and the experimen’ with e —— 
riggers showed that a vessel could be blown up whilst the 
boat firing remained within an easy distance. In the 
mines with the circuit-closers, the par g apap the moment 
the electric current is completed, and is accom’ 
by a mechanical ent when the to: 
struck by an enemy’s boat or vessel. The experi 
ment proved the facility with which an invading fleet could 
be destroyed. 


The Thunderer.—A lengthened trial of her machinery has 
been made by Her. poe ship Thunderer, after, the 


ship had a fractured eccen by the con- 
tractors, and had been apo with a spi ~ by the 
dockyard e engineers. zoe be breakdown, w! 
by the inner ring of the strap having been tightened too 
much upon the eccentric, rio, by which excessive friction was 
produced, was accidental, and in no way affects the 
contractors. Indeed, the red was of first-class material and 
workmanship, as was proved by the strain which it resisted 
— During the trial the ship was under 
Lf. ight ours, during six of which she was driven 
head of steam. Fora couple of hours 
sovebliana were main’ at the rate of 77 per minute 
the mean of the six hours being 72. The force indica dicated 
was 5400 horse power, or only about 300 below the power 
developed at the contractors’ "trial. 


Patent Fuel for India.—The Metropolitan Patent Fuel 
Company, of Briton te Ca va ae an order for 
1000 tons of patent fuel from an In railway company. 


The Griffon.—The Griffon, 3 -vessel, has made a 
trial of her engines at the m | mile outside Plymouth 
Breakwater. The result was sati , the force ob- 
tained being considerably more than the 50 horse wer 
contracted for. The mean steam for six runs was 
mean vacuum ditto, 274 in.; mean revolutions ditto, 111; 


{o | mean indicated horse power ditto, 791; mean speed of 


vessel in knots ditto, 11.561. 


South Wales Coal Trade.—The position of the South 
Wales coal fondo at present is critical, and the pocmgers Soy for 
the future is gico my, as there seems every probability that 
the Masters’ Association will be broken up, and that the 
competition between the ironmasters who own collieries and 
the colliery proprietors will be renewed. The masters are 
bound by the award to give six months’ notice to the men 
of their intention to no longer abide by it, and this, it i ‘is 
believed, will be shortly done. Then the reduction in 
colliers’ wages be and every colliery owner 
p= ps he to get coal cut as cheaply as he can, instead 
of one uniform rate being paid as now. The men seem to 
be fully aware of this, colliers’ meetings are being held 
every day. 

Swansea New Docks.—It is stated that the Great 
Western Railway Company and the —* Railway Com- 
ae have assented to modified p oe new 

on [" et ney oe ey - of t perma 
y | suggested by the Swansea harbour trustees. @ proposed 
deviation from the original basis of ——- between the 
parties relates to the construction of a half-tide basin, 
which, in ne ay apna of the cost, it is suggested should 
stand over for the present, the other portions of the scheme 
to be gone on with at once. 


Admiralty Chain Cables.—Circulars have been issued 
— the superintendents of the home yards, and the com- 
officers of Her Majesty’s ships, with 
precentions which are to be observed in future against 
ects in chain cables. The superintendents are informed 
that the chain cables of every sea- 
harbour ship not at permanent moorings, are, when 
practicable, to be re-tested in the proving 
afterwards subjected to the usual strict and minute examina- 
tion every three or four ‘years from the date of their 
pea supply by dockyard officers. If the ship is on a 
foreign station, where no testing machine is a ble, the 
captain will, as the time approaches, inform the commander- 
peg rary so that, pf pag com racticable, arrangements may be made 
to land the cables a foreign yard, eer Sep eat sreny ink 
be carefully cleaned and minutely examined, and ev 
measured. If this is ii o fo the Admiral the ‘co -in- 
chief will report the cause a ee state what 
measures he proposes to to insure cables under- 
going the best possible examination. 


FOREIGN AND COLONIAL NOTES. 
Enpresses on the Eastern of France.—A second 
express now leaves Paris for Chalons and the i 





shations beyond as well oa for German ont hatels. he | ; 
per hour. The run 


expresses of the of France 

at some points at a speed of 46 miles 

ate. Paris is to be made in thirteen hours 
a 


American Railroad Cars for Braxil.—The Harlan and 
Hollingsworth Company, Wi is 





well occupied in its car 


to the pon ye the j 


ship, and of every | 23, G. C 
d pony 3 ie 





class, the compartments being 
i Tron frame trucks are 


ition. b 
Eolingrworth Company is also mang tn 


Defences of Victoria.—A 
to consider 
yap sey ork yh increased with a plemen 
wit roper com: t 
of officers a 300 men, ‘and that the men should be instructed 
drill and in the work of laying torpedoes, in 
a net ship sae 
commissioners & su) ma ‘or 
or ated torpedoes sh be quevared wl me 
Rolling Stock on fea Shore and een » Routhers. _ 
At the pe of 1876 the Lake Shore and Southern 
Company had nine more aoe thas at the com- 
mencement of the year te car stock of the 


ed ney Tes ae poems 4 at the close of 1876 to 10,546 


The number of locomotives (495) owned by the 
unaltered last 


remainéd year. The amount 
cxpaaed by the company last in the maintenance 
of its rolling stock was 1,403,835 dols. The amount 
nae for new equipment in the six rears ending with 
5 inclusive was 5,904,087 dols. ; with thi diture the 
company acquired 223 new locomotives and new cars. 


Danubian Steam Navigation —It 
caused that at the close of last yoar, this ’ a Sara hos 
steam rse power. 


ers of an aggregate force of 1 
The —- 


about 140, Cool. 


Steel Rails in the United States.—In the course of 1876 
the Lake Shore and Michi: thern 


’s revenue for 1876 amounted in round 
,0001. ; the profits realised for the year were 


iron rails 
ible. 


appears to 
The effect of Lsetly Gelating dhe permanent way charges 
last year. 
The Cockerill pene .—In the week en Ma; 
Sy pues aaa mpany (Belgium) sles yr ~~ et 
o! 


18,500,000" ogre dopa 
in’ Germany, 


and Huagery, 4,250, 
2,000,000 in Switzer! 
olland. 


H 

4 Fieiee Torpedo Boat.—The Russians have, it is 
stated, been constructing a ae — Thee | at a dis- 
tance of 6 ft. below the surface of discharge 
from a submarine cannon a rifled torpedo shel 12 ft. rie J 
and 1ft. in diameter. The shell, it'is farther sta 
disc! with such force the objet to which it 
is , that it will go one mile in a straight line under 


that in 1875 there were 


4,500 
000 in I in Bassin, 
ecbeh and ae os and 1,500,000 in 


wa 

0. ber of ‘etarprining American new being mote by 
a number of enterprising American en 
vast ironstone, which eae tall 40 ats oe 
miles a 7 tate on the line of the Central Pacific 


The Prench Iron Trade.—The French iron trade is suf- 
— > some extent, from the uncertainties attending 
the ch political situation. Prices have, however, been 


pretty well maintained at Paris, merchants’ iron having 
made 71. 4s. per ton. is quoted at 27. 12s, 
per ton in the Meurthe-et-. 


American War Matériel. —Fight steamer cargoes of 
arms and ammunition have been shipped to Turkey from 
the t United a Five or six similar cargoes have gone 
by sailing vessels 


SHIPWEIGHTS’ EXHIBITION.—The following are 
at the Competitive Exhibition, 
1877, of the Worshi; 


A, yg ee wifey hg porta cn | 


prize, model 
Iron Works ; second prize, 
model No. 4, John Mutch General Steam Navigation Com- 
model No. 1, J. and G, Thomson, Glas- 
first prize, model No, 3. 
;_ second prize, m 
Class 3, Channel 


i 
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MINE VENTILATOR AT THE CHILTON COLLIERY. 
CONSTRUCTED BY MESSRS. THWAITES AND CARBUTT, ENGINEERS, BRADFORD. 


(For Description, see Page 470.) 








Fig. 1. 
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CONTINUOUS RAILWAY BRAKES. 


WE publish below a translation of the official re- 

rt recently presented to the Selgian Government, 

y the Committee appointed to inquire into the 

question of continuous railway brakes. Acting 

upon this report the Belgian Government has ac- 

cepted the Westinghouse automatic brake for adop- 
tion upon all the State railways of that country. 





In all countries possessing an extended railway system, 
public attention has been lately much occupied by the 
uestion of the best means to be adoptei for diminishing 
number of accidents due to isions, these means 
having chiefly reference to the employment of an effective 
brake. This requirement is all more important when 
, a8 that in Belgium, tends always to in- 


a railway 
mane branch and secondary lines. 
wha 


crease, by the 
For a long 
attentiv: t 
countries, has f 

by itself ander the i 
and of i 


¢ Belgian Government, while follow- 
has been done in this direction in 
realised the necessity of acting 
conditions peculiar to its railway 
the best known brakes which ap- 
t chances of 


er 
its 
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ul 
E3 
: 
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ro and permanent way are subjected in stopping the 
rains. 

We may mention among the brakes experimented upon, 
the Achard electric brake, the Achard brake modified by 
M. Masin, the Heberlein brake, the two air brakes—the 
atmospheric and the automatic—of Mr. Westinghouse, and 
the vacuum brake of Mr. Smith. Without wishing at all 
to anticipate what the future results with these kes 
may be, it should be mentioned, that, judging from the re- 
ports that have been published in other countries, and 
especially in the United States and in England, in the 
—— condition of development in which these various 

rakes are now found, the Westinghouse air brake and 
the Smith vacuum are i y prominent from their 
certainty and their power of action. 

Having been commissi the Government to make 
comparative examinations and experiments with these 
last named brakes, we present our report on the results 
we have obtained. Annexed to this report are the various 
drawings and explanations of the three brakes, together 
with various details which are known to the Administra- 
tion, and which we;therefore conside: it superfluous to re- 
produce here in extenso. We will sempeneniy confine our- 
selves > og’ rt pod on of 7. —_n ~~" 
parts of t purposes they serve. e 
might have confined these remarks to the Westi ase 
automatic and the Smith vacuum brakes, leaving aside the 
Westinghouse atmospheric, for which the inventor has 
rightly substituted the latter and more perfect apparatus ; 
however, we have thought it advisable in regard to the com- 
posers Sineetiontien <2 yo Oak two heaies, So reviee eae 
he chief iarities of the system experimentally tried in 
June, 1 and known as the Westinghouse atmospheric 
brake. This brake was applied to two locomotives, two 
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tenders, eight carriages, and two vans, so that a complete 
train was equipped with a spare engine and tender ; this 
train after aterm of trial, went on regular service between 
Brussels and Verviers. 

_ The atmospheric brake* (of which a detailed description 
is appended) consists of : 1. The air compressing pump, the 
piston of which is actuated by another piston placed on the 
same frod, and working in a steam cylinder, supplied from 
the boiler ; this pump is placed on the locomotive. 2. The 
compressed air reservoir receiving the air from the pump at 
@ pressure of from four to five atmospheres. This is placed 
under the tender. 3. A double pipe running the whole 
length of the train, and consisting for each carriage, of two 
parallel iron tubes placed under the i frame, and 
terminating at each end by a length of rub ipe and a 
half sleeve coupling. A valve is placed in each half of the 
coupling, to prevent the escape of the compressed air in the 
event of a coupling becoming separated, but so arranged as 
not to interfere with the free circulation of the air in the 
ordinary condition of service. 4. A cylinder under the 
tender and under each of the vehicles, intended for re- 
ceiving, on stopping the train, the compressed air from the 


double pipe running through the train. The piston in this 
cylinder directly controls the lever of the ke mechanism 
attached to the tender and to each carri 5. The pipes 


The pump with 


and cocks putting into communication : (a). ae This 


the compressed air reservoir under the tender. (6 
reservoir with the two branches of the double pom or 
with one or other of their two branches. (c). Each of the 
cylinders placed under the vehicles with the two branches, 
or with one of the branches of the Peng ag 

A later addition which was made by inventor, but 
* See ENGINEERING, vol. xiii., page 344. 
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i i the brake tried in Belgium, | the Westinghouse brake the defect originally pointed out, | under the carriages, when the lengths forming this pi 
pnw Ay eden canis te last Pthe teal that its action — solely upon the function of one are no valyes as in the ps aa yen 


ope of the train a 
supplementary reservoir, in connexion with the double pipe, 
and containing a reserve supply of compressed air, with 
the object of stopping the rear carriages of the trainin the 
event of a fcakower- The prices paid in 1873 for the 

named above, with the eo of the supple- 
mentary reservoir above mentioned, was 55l. for the 
engine, and 171. for each tender, carriage, and van. To 
these prices have to be added the cost of attachment, 
which may be taken at 27.61. for the engine and tender 
and 6.281. per carriage or wagon. These amounts are 


divided as follows : 

For Engine and Tender : £ 
Material... eso = ooo 10.5 
Labour ... on ots * 10 
General expenses ove ove 7.1 

Total 27.6 

For each Vehicle : 

Material... eco ese 1.45 
Labour .... 16 2.80 
General expenses 2.03 

Total 6.28 


The brake rigging with which the vehicles were fitted, 
and which were furnished by the Administration, cost about 
5l., which brings the total expenditure on a train made up 
of two vans, eight carriages, and locomotive and tender to: 


£ 

Cost of apparatus for engine ” 55 

- Po nder oss in ae 

Attachment of apparatus to engine and 

tender fer se ens vn «27.6 

Cost of apparatus for ten carriages eo 170 
Attachment oe pa os ae 
Brake rigging ove 50.0 
Total ».. 382.4 


organ, we do not hesitate to suggest, if not its universal 
adoption, at least an application extended to several trains. 
We are persuaded that these powerful means of po od 
would prevent many catastrophes, and that their applica- 
tion would not entail any new danger, if a rule be e not 
to employ it in entering stations, at the terminal points of 
lines, or in large depdts, unless in the event of any obstruc- 
tion being seen in front of the train. This rule is applied 
to the trains Nos. 101, 104, 108, 109. The brakes controlled 
by the air pump can be equally worked by hand, so that it 
is easy to carry out the above rule.”’ 

With reference to the only unfavourable comment on the 
system, it must be remembered that in the trial train the 
reserve reservoir at the rear did not exist, and the working 
of the brakes depended entirely on the three-way cock, 
commanding the double line of pipe along the train. 
Summarised, the advantages of the air brake are as follows : 
1. Its action is prompt. 2. It is in the hands of the 
driver, and can be operated gradually ifdesired. 3. It pro- 
duces an eiastic pressure distributed over all the wheels of 
the train. 4. It can be applied throughout the whole 
length of the train. 5. Itis unaffected by dust, and atmo- 
spheric changes do not in any way affect it. 6. It is not 
liable to become deranged. 7. It acts independently of 
the movement of the train. 

It was only at the end of 1875 that the Administration 
found itself in a position (financially) to give effect to the 
proposition of MM. Masin and Blancquaert, to extend the 
application of this continuous brake to a larger number of 
trains. 

We may note here in passing that it will be found from 
a report prepared by the directors of way and works, of 
traffic, rolling stock, and working, that the collisions on 
the Belgian State railways, in which foreign trains were 
damaged, during eleven months in 1874 (collisions which 
would probably have been avoided the aid of efficient 
brakes), resulted in a loss of 18701. in to permanent 
way and rolling stock, as well as to indemnities paid to 
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The brief description just given of the atmospheric brake 
will sufficiently describe its mode of operation. The air 
compressed by the pump is stored up in the reservoir and 
in the auxiliary receiver at the end of the train. Tostop 
the train, the driver admits the air from the reservoir into 
the cylinder under the carriage and tender, by means of the 
double row of pipes, and the brakes are thrown on. To 
release it all that is necessary is to put the pipe in commu- 
nication with the atmosphere, the air is discharged from 
the cylinders, and the springs throw off the brakes. 

During the latter half of 1873, MM. Masin and Blanc- 
quaert conducted a series of trials, with the object of ascer- 
taining the efficiency and regular working of the brake. 
The train comprising the engine, tender, eight carriages, 
and two vans, was tried between Brussels and Alost, and 
afterwards between Brussels and Antwerp, and stops were 
made sometimes Ly means of the atmospheric brake, some- 
times by means of the hand-brakes on the tender and the 
vans. The following are some of the results obtained. 
Between Berehem, St. Agathe, and Dilbeck at the kilo- 
metre post No. 10, the train having as of 32 miles an 
hour, was stopped in a distance of 400 ft. with the atmo- 

heric brake, and in 1722 ft. with the three hand brakes. 

een Ternath and Eschene-Lombeck at post No. 21, 
the train was stopped in 784 ft. and 2745 ft. ively, 
with a speed of 40 miles an hour at the moment of applying 
the brake. 

After a sufficiently long period of trial, the results of 
which were consistently in favour of the air brake, the 


authorities cg ey an extended application upon four 
trains. ‘‘ We have found,” they wrote, ‘‘from investiga- 
tions we have made during the three months, that the 
brake has been in service, that it completely fulfils all the 

r promised by those who ht it under our 
notice. Under these circumstances, although we find in 
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sufferers. This expenditure represents an outlay for the 
year of 20001., and this fact demonstrates the advisability 
of the Administration taking steps for the application of 
powerful brakes on passenger trains. é : 

When the question was reconsidered in 1875, it was 
under somewhat modified conditions; a new continuous 
brake—the Smith vacuum—recommended by the favourable 
reception accorded to it in some other countries, a 
to possess real merit. On the other hand, Mr. Westing- 
house had considerably improved his compressed air brake, 
with a view to render its action not only more rapid, but, 
so to speak, instantaneous, and to secure, in case of a 
break away, an automatic arrest of the portion left behind. 
This new arrangement is known under the name of the 
automatic brake. The late experiments we have conducted 
by order of the Administration, have been with the Smith 
vacuum and the Westinghouse automatic brakes. 

We may give briefly a description of these apparatus, 
commen by the automatic (the reporters here embody 
the pamphlet of the Westinghouse Continuous Brake 
Company). Theatmospheric brake requires an appreciable 
time to allow a sufficient quantity of air to pass —— 
the double line of pipes in order to fill the brake cylinder 
under the i , and the time thus lost increases with 
the number of vehicles forming the train, not only because 
the 1 of pipe is greater, but also because the number 
of rf i , and, therefore, the quantity of air is greater. 
In the automatic arrangement a general reservoir is placed 
under the foot-plate of the engine, the chamber at the rear 
end of the train is done away with, but a receiver is placed 
under each vehicle (tender, carriages, and vans) which. is 
in — communication Sees the vee re ome and - 

ways charged with air. lou pe through- 
oat the tela ie replaced by a single one, whieh places in 
connexion the air pump and each of the special reservoirs 


are yy oo there 
brake, suse unlike the conditions ruling in the older 
form, the pipe is charged with compressed air at any time, 
and is discharged in stopping, whether this operation is 
bronght about at will, or automati as the result of 
accident. Finally, under . vehi cylinder which 
actuates the brake rigging with which the carriages are 
fitted, the special reservoir and the line of pipe, are con- 
trolled bya triple valve which permits of the following action: 
n the pipe is in connexion with the common reservoir, 
that is to say filled, the reservoir is in connexion 


with the pipe and also » while the brake cylinder is 
open to the atmosphere, and consequently the brake blocks 
do not come in contact with the on the contrary, 


designedly or by accident, the pipe is opened to the atmo- 
ep " special reservoir is no longer in connexion with 

e pipe but with the brake cylinder, and the blocks are 
thrown on. It will, therefore, be seen that the quantity 
of air for each vehicle, required to put on the beaban has 
only to traverse the small distance between the reservoir and 
the cylinder, so that the rapidity of action is much ter 
than in the atmospheric brake, and this is ind lent of 
the number of carriages in the train. Moreover, in the 
event of a breakaway the brake acts automatically, and, so 
to s , instantaneously. 

The Smith vacuum brake comprises: 1. Under each 
carriage two cylinders of india-rubber, which are free to 
contract upon themsélves, and resembling the bellows of 
an accordion. If the air is exhausted from the interior of 
these cylinders, the outer atmospheric pressure tends to 
compress them. Iron rings fi to the interior of these 
cylinders prevent lateral collapse, so that the atmospherie 
pressure actuates only on the ends of the cylinders ; one of 
these heads is bolted to the iage, and the other is 
attached to the levers of the brake rigging, in such a way 
that any exhaustion within the puts the brakes on. 
2. A double pipe, as in the atmospheric brake, but with- 
out valves at_the couplings ; this runs the whole length of 
the train, and forms a closed circuit which is in connexion 
with the cylinders, and - 3 which during a stop the vacuum 
is produced by means of a steam ejector p on the 
engine. 3. The ejector above mentioned receives steam 
from the boiler, which escapes into the air, drawing with 
it the air in the pipes and cylinders. By thus exhausting 
ber wu or by mitting air the brakes are thrown on or 
released 


The foregoing brief description and an examination of 
the drawings show two essential elements of inferiority of 
the Smith vacuum brake, which requires, as does the 
Westinghouse atmospheric, an appreciable time for the 
apparatus to transmit its action to the last carriage, whilst 
the automatic brake acts much more rapidly. The prompt- 
ness in action of the Smith also decreases as the length of 
the train increases, which is not the case with the auto- 
matic brake. This rapidity of action would be still to the 
advantage of the Westinghouse brake, even when the dis- 
tance the air travels is identical in the two brakes; 
because on the one hand, the friction of the air in the pipes 
is unimportant on account of the small specific weight of 
the air (which at,one atmosphere is only 7}p that of water) ; 
thus experience has confirmed at Mont Cenis the results, 
ved theoretically, that the seven atmospheres produced 
y the compressors was transmitted to the drilling machines 
through a conduit of 74 miles without any appreciable loss 
from friction. On the other hand the velocity of the air in 
the pipes is in proportion to the square root of the dif- 
ference of the pressures of the air at the two ends of the 
pipes, as shown by the formula: 


| p—pP' 
vi=\e ye? 


In which P—P' are the two end pressures, and # the specific 
weight corresponding to the pressure P. Now this dif- 
ference of the pressure Pand P' is much greater in the 
Westinghouse than in the Smith. 

In the second place, in the event of a breakaway, nothing 
in the Smith brake provides for throwing on the blocks: 
the most that can be doneis to preserve the hand-brake in 
the last carriage, whilst the automatic brake continues its 
functions in such a case, and without the intervention of any 
one upon the train. 

The Administration judged it expedient to place both 
these systems in competition, in order to be able to compare 
them, not only as regards rapidity of action and safety, 
but also with reference to all the other points which pre- 
sent themselves—simplicity of apparatus, euse of mainte- 
nance and working, influence on the engine, and economy 
of LO nage pee 

e will commence by considering these two systems in 
the point of view of power and of rapidity of action, leaving 
theory for fact. 

The two trial trains were practically identical, namely, 
the Westinghouse consisted of the engine, tender, twelve 
carriages, and two vans; the Smith, one carriage less. : 
order to avoid admitting any extraneous circumstances into 
the trials, which might have affected the results, both 
trains were placed in the same condition. The trials took 
place on the line from Brussels to Denderleuw, at a mile 
and a quarter from the Ternath station. -Annexed is 
profile of the road at this place with the kilometre 
marked. In euch of the trials, steam was shut off, 
brake put in action at the moment when the driver 
No. 15 post, and a si bearing the number of ex- 
periment was <—™ in 


train stopped. 

No. 15 therefore represented the 

time the brake was in action up 

train. The s of the train at the momen 
ied, that is to say, when post 15 was reached, 

was carefully observed by means of two i 


FEF 





and taken carefully from kilometre 4 - 
perience showed us that the mean speeds betwen posts 13 
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and 14, and between 14 and 15, scarcely differed from the 
moment when we passed a point on the line situated a little in 
advance of the post No. 12. This mean speed gave with 
approximate accuracy the speed at post 15, when the 
brake was put on. The atmospheric conditions were 
practically the same during the experiments made with both 
, the weather was —. rather more foggy when 
automatic was running. e give below the results 
observed in these trials, namely, the speeds and the 
distance measured between t 16 and the signal (the 
— having been obtained by counting the number of 
ils) 
). 


A. With the Smith Brake. 



































Distance 
Number of | Speed between | Speed between! run while 
Experiment. | Posts 13 and 14.|Posts 14 and 15.| Brake was in 
Operation. 
Mlies per hour. Miles per hour. ft. 
1 45 45 1574 
2 264 304 885 
3 34h | 37¢ 1102 
4 354 40 1170 
5 35 374 1033 
B. With the Westinghouse Brake. 
Distance 
Number of | Speed between|Speed between | run while 
Experiment. | Posts 13 and 14 | Posts 14 and 15.| Brake was in 
| Operation. 
Miles per hour.|Miles per hour. | ft. 
1 40 40 | 949 
2 374 42} 875 
3 $1 46 984 
4 35 37 682 
5 28 32 416 
The diagram (see preceding ), the ordinates of which 


ive the speeds observed at post 15, and the abscisse the 

Fistances run, between the application of the brake and the 

int of stopping of the train, shows very clearly the dif- 

erence in rapidity of action and in the power of the two 

brakes. Line No. 1 connects the points laid down from the 
trials with the automatic, and No. 2, those relating to the 
vacuum. 

The train with the Smith brake, it istrue, had one car- 
riage less, but the difference in the two average curves is 
too great to be accounted for by this slight variation; more- 
over, in the calculation given below of the mean resistance 
of the two brakes, we have taken this difference between the 
trains into our calculation, and this difference is rather to 
the advantage of the Smith brake, since the mean re- 
sistance decreases when the train is increased in length, on 
account of the greater difficulty in exhausting the air from 
the pipes and cylinders. ; 

The engine and tender weighed about 54 tons, the weight 
of each carriage a 8 tons, so that the total weight 
of the Smith train was 158 tons, and that of the Westing- 
house 166 tons. Let 

*—The weight of train in tons. 

V. The speed in kilometres per hour, acquired by the 

train at the moment when the brake is applied. 

P. The total resistance in kilogrammes (assumed to be 

constant) during the period of stopping. 

1. The distance in metres run from the time the brakes 

are applied to the stopping of the train. By the 
ordinary formula,* 


(Soo) =P i+ 
3600 
Whence for the Smith brake, 
p— 516.84 7. 
l 


and for the Westinghouse, 
p—%48.07 vs 
== 


ing these formule to the figures given by the ex- 
recorded above, 
1, For the Smith brake : 


V* =10.80 in the Ist trial 


i 
= 8.89 ,, 2nd ,, 
=10.62 ,, rd ,, 
=11.47 ,, 4th ,, 
=11.43 ,, Sth ,, 
a 
Average of the five experiments he =10.64. 


Whence, 
P=616.84 X 10.64=6563.17 kilos.:= 14,438 9 Ib. 


437.53-—962.5 Ib. per carriage.t 


* This formula and the follow deductions are re- 
awe wed from the report, the results only being 
+ This formula neglects the influence of rotation of the 
om poe een ee tate account, it is sufficient to in- 
crease 


the of the trains by 7.5 per cent. 
ier checsas roy ald ce due to the en- 


or, 





2. For the Westinghouse automatic : 
2 
Wa4.15 in the Ist trial 


=18.35 ,, 2nd ,, 
=18.01 ,, &d ,, 
=16.69 ,, 4th ,, 
=20.40 ,, 5th ,, 
Average of the five experiments v* =17.52 


l 

ence, 
P=648.07 x 17.52=11.354.18 kilos. =24,979.2 Ib. 
_ 728.76 kilos.=1603.3 Ib. 


Wh 
or, 


r iage. 
Titerence in composition 


If, taking into consideration the 
of the two trains, we assume the Westinghouse to have 
only thirteen carriages, or a total weight of 158 tons, like 


the Smith, and therefore running a greater distance before 
coming to a stop, it is sufficient to‘remark thatthe constant 
resistance 11,354 kilos. as given above is reduced 4, so 


that 
P=} x 11,354.18=10,644.55 kilos. 
Whence the values of + would have been 


v?_«s «éP sO 10,644.55_. 

l 616.84 616.84 “Se 
instead of 17.52, and the distance run before the complete 
stop; of the train would have been increased ‘only in the 
proportion of 17.52 : 17.25 or 2, which is insignificant ; 
thus with a speed of 46 miles an hour, the train would 
have run 997 ft. instead of 984 ft., and so on. 

As regards the superiority of the Westinghouse over the 
Smith brake in energy and rapidity of action, two remarks 
may be added: 1. The trials made in 1873 with the 
atmospheric, gave results closely approaching those actuall 
made with the automatic ; therefore we consider the Smit. 
vacuum inferior to the atmospheric e in en and 
rapidity of action. 2. Appended to this report are the dia- 
grams obtained in England during a series of comparative 
trials between the automatic and the vacuum brakes ;* these 

i ms were obtained with the speed indicator, a valuable 
instrument for these kind of trials, but which we had not 
at our disposal for experiments. These diagrams have 
brought English engineers to the same conclusions as our- 
selves, but in a clearer and more conclusive manner. 

We may say a few words as to the cost of fitting the two 
brakes, as they have been applied on the two trial trains 
above velemed to. 

The application of the automatic brake cost, including 
fitting for the locomotive and tender, 62.51., plus the main 
reservoir and the cost of mounting, ee at: 





Material 16.6 
Labour... ee 28.3 
General expenses ... 25.5 

Total... dee 70.4 





For each carriage and van : £ 

pgnennios ey _ Lew eal ju 21 

e rigging suppli theState ... 5 
Material ... on rod 1.14 
Labour ove 3.44 
General expenses ... 2.47 

Total 7.05 7.05 

Cost per carriage ... 33.05 
For engine and tender... 132.9 
For the 14 carriages Sie 462.7 
Total per train 


The appplications of the vacuum brake to the trial train 
cost as follows : 





£ 
For the locomotive det 40 
Plus the cost of fitting : z 
Labour... a 10 
Material ' 10.10 
General expenses 7.08 
27.18 27.18 
67.18 
Per carriage eco . od 12 
Brake rigging... eco 5 
Cost of fitting ole 3 
Total cost per carriage ... - eee 20 
Total for locomotive and tender 67.18 
For the l4carriages... -_ 280.0 





Total ... ns ae eco 347.18 
For a train of ten i fitted with the Westinghouse 
atmospheric brake was paid (see the commencement of this 
report) the sum of 382.4l. A similar train composed of 
14 carriages would have cost 495.5l., and we have, there- 
fore, the following comparative statement of first cost in 
the then system. 4 


347.18 
495.5 


For a train of 14 carriages with vacuum 


aay ag ocho geal spits 
or a 0 carriages wi' mo- 
pene Vi én 
or a train carriages 
brak 


e ms - on wl 

These figures show to the advan’ 
system, but they are more deceptive real, if the 
following considerations are taken into account: 1. The 
cost of maintenance is higher for the Smith brake than for 


ase 


«- 595,6 
of the Smith 








* See ENGINEERING, page 12 ante. 


the Westinghouse, either atmospheric or automatic. We 
add to this report notes upon this subject by the Chefs de 
Service de la Traction of the second up, and of the 
transport department, notes which show that for the 
Westinghouse brakes the cost of maintenance have 
amounted annually from 16s. to 28s. per engine and tender 
Jn figure of 28s. being that for the first year when the 

vers were not habituated to the new appliance). For 
carriages the cost was from 2s. to 2s. 9d. per vehicle, the 
higher amount referring to the atmospheric brake with 
double pipes, and the lower to the automatic with single 
pipes. e may remark that the figure of 495.51. and 
2s. 9d. representing for the atmospheric brake the costs of 
first establishment and the cost of maintenance per carriage 
and per year, would be diminished by adopting the new 
arrangement now followed by the inventor, and consisting 
of placing for the ay as well as for the automatic, 
a single line of pipes under the carriages. 

As regards the vacuum brake, the bilis appended show 
that the cost of maintenance is considerably higher ; it 
should be remarked, however, that several of the iages 
were fitted with brake rigging furnished by the inventor in 
place of those supplied by the State on three of the carriages 
only of the Smith train, and for the two Westinghouse 
trains ; the cost of repairs «aust be therefore reduced by the 
amount due to the replacing of the brake blocks. It should 
also be remembered that the Smith brake has been in the 
hands of the servants of the Administration too short a time 
to obtain exact figures as to the cost of maintenance; how- 
ever, the bills of charges appended, even reduced in the way 
stated, prove sufficiently that the cost of maintenance is 
higher for the Smith than for either of the two Westing- 
house brakes. It is easy to see, moreover, that the Smith 
brake, from the nature of the materials chiefly used in its 
construction, will involve a greater cost in maintenance, if 
the rubber cylinders of this system are compared with iron 
cylinders of the Westinghouse brakes, and it must be re- 
membered that the former require a double line of pipes, 
and therefore twice as many rubber couplings and 
joints as the automatic, or even of the atmospheric in its 
present form. 

2. As to useful effect produced, it is evident that the 
work required to exhaust the air from the Smith apparatus 
by means of the ejector will take from the engine a larger 
amount of steam than that absorbed in compressing the 
air for the Westinghouse brake. 

The employment of the Smith brake would therefore 
result ina greater cost for fuel than the Westinghouse. 
These current charges for maintenance and fuel, heavier 
for the vacuum than for the two others, would absorb the 
apparent economy in application, which we have mentioned 
above, for the Smith brake. 

It may be added in conclusion, that the application of 
the Westinghouse automatic brake can be made—with a 
view to economy — gradually, by adopting atmospheric 
brakes with a single line of pipe under the train; the 
couplings would be those of the automatic, with the 
addition of the two small retention valves, necessary in 
case ofa breakaway. Later the automatic brake could be 
very easily transformed into the automatic by removing 
these valves, and placing under each carriage a special air 
reservoir and the triple valve. This could also be applied 
to the atmospheric brake; if—which is possible—it were 
made to work as a simple valve always open between the 
principal pipe and the cylinder of the carriage. — 

The question of safety of trains isin our opinion of more 
importance than that of expense. 

(Signed) BLANCQUAERT. 
HUBERT. 
Bo.tis. 
DEJAER. 


ROOT’S MINE VENTILATOR, 
On Root’s Mine Ventilator, and other Applications of 
Root’s Blower.* 
By Mr. E. Hamer Carsurt, of Bradford. 
THE t’s blower is a rotary air-compressing machine, 
as distinguished from a fan which throws the air off by 
centrifugal action. In principle it is analogous toa blo 
cylinder, with this difference, t the air is ex 
constantly in one direction and in four distinct volumes at 
each revolution of the blower ; but with a blowing cylinder 
the direction of the current of air is altered at each end of 
the stroke. The position of the blower is, therefore, 
between the fan ing at-a high velocity, delivering a 
vee of air at a low pressure, and the blo cy- 
i with piston working at a slow speed, a 
small volume of air at a high pressure. : 
For a long time previous to the introduction of Root’s 
blower into this country, it had been extensively used in 
America ; blowers of a capacity of 100,000 cubic feet per 
minute been constructed there, and one of this ca 
city was employed for working a pneumatic railway 
Broadway, New York. For smelting and similar 
the blower a reputation, and was known 
amongst engineers and ironfounders in that country. In 
1867 it was shown at the Paris Exhibition, and attracted 
considerable attention and critical examination at the hands 
of ical men. The writer was strongly advised to in- 
it into this country by the late Mr. Zerah Colburn, 
who was familiar with its working in America, and empha- 
tically declared that it was superior to any fan blowing 
machine in operation, and in his opinion it would occupy 
the first place amongst machines of its class. How far 
this prediction has been fulfilled is sufficiently shown by 
the experience of the last ten years, during whic 
— a large number of blowers have been supplied for 
‘oundries, smiths’ shops, portable forges, and pur- 


It will readily suggest itself that the application of the 














* Paper read before the Institution of Mechanical Engi- 
neers. 
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TABLE III.—Roor’s Mine VENTILATOR AT CHILTON COLLIERY, FERRYHILU.—UsEFUL EfFect OF VENTILATOR AND ENGINE. 
Engine with two cylinders, 28 in. in diameter and 4 ft. stroke. 
Number of experiment ... ove 1 | 2 4 5 6 9 10 11 13 14 15 
Date of experiment se meat foee ‘iia 1877 Mar. 16.'Mar. 16.|Mar. 17.'Mar. 17.| Feb. 3. | Feb. 3. | Feb. 3. | Feb. 3. | Feb. 3. |Mar. 17.|Mar. 17.|Mar. 17 
Revolutions of ventilator and engine ... R Per minute 3 8 12 13 14 18 20 21 22 28 30 $2 
Steam pressure in pipes... ~ sd Pound per inch 33 35 37 40 45 45 46 49 48 45 52 60 
Point of cut-off in engine Per cent. 30 30 80 30 30 30 40 80 40 80 80 80 
Delivery of } Et eahawey. «» R x 5800=T| Cubic feet per min. he 46,400 | 69,600 | 75,400 | 81,200 | 104,400 | 116,000 | 121,800 | 127,600 | 162,400 | 174,000 | 185,600 
air Measured (Table IT.) M “is * oa maid 67,312 | 74,928 a 101,696 oth 118,272 
Water gauge - eT ee Inches 0.00 1.25 2.75 4.00 4.00 5.00 6.50 4,12 5.87 6.00 7.00 7.75 
Mean effective - { Right mtader Pound per inch 3.47 6.65 14.47 nite 17.65 22.80 29.80 23.95 30.95 as 46.40 51.15 
pressure og owe! 8 Me = es see 15.85 a= Rass ad 23.70 31.25 39.85 
. ight cylinder orse power ive ea , .30 | 177.70 | 149.90 | 203.00 
a "3 { Left cylinder A ma a oe ii 72.01 | 127.40 | 174.70 | 148.40 | 205.00 
agra Mean wis fe 3.10 15.50 | 51.79 | 61.44 72.84 | 124.85 | 176.20 | 149.15 | 204.00 | 332.70 | 415.00 | 488.00 
_ . TXWx5.2 
Effective } ony 1 =Et ai . 9.14 | 30.16 | 47.52 51.18 | 82.25 | 118.81 | 79.17 | 118.12 | 153.54 | 191.92 | 226.65 
HP Measured —*W%53_-y,, i. i 29.16 | 47.22 80.12 76.88 
33,000 
Et r= 
Useful effect of Theoretical [ Xx100 ... Per cent. $ 58.96 | 58.28 | 77.34 70.26 | 65.90 | 67.42 | 53.09 | 57.90 | 46.14 | 46.24 | 46.24 
ventilator and Em 2 
engine Measured > *100 a be & 56.30 | 76.85 64.19 51.40 












































blower is extensive ; many chemical processes and me- 
chanical operations require a strong current of air at pres- 
sures up to 3lb. per square inch. Roots’ blower can under 
ordinary conditions compete with blowing cylinders up to 
that pressure, especially in volume of air delivered, per- 
centage of useful effect, and first cost. Hence it recom- 
mends itself to the ironfounder for melting iron in the 
cupola ; to the metal smelter for lead, copper, and silver 
smelting ; to the chemical manufacturer for moving hot or 
cold gas from one chamber to another in the manufacture 
of sulphates, alkalis, acids, “and other chemicals; to 
engineers and blacksmiths for smiths’ fires and steam 
boiler furnaces ; to the iron and steel maker for puddling 
furnaces and spiegel cupolas ; to the architect for ventilat- 
ing buildings and testing sanitary drains ; to the brewer 
for drying casks and ucing the temperature of cooling 
rooms, and also for cleaning malt and grain; to the 
manufacturer for drying wool and other fibrous materials, 
and for engraving upon glass; for feeding printing ma- 
chines, for pneumatic despatch tubes, and for other na 
cesses too numerous to mention. For pneumatic tubes, 
the application of the blower has been very successful in 
America; and a noted firm in this country in connexion 
with pneumatic tubes are fitting up the blowers at the 
post-offices for the transmission of telegraph messages from 
the receiving counter to the instrament room above, and 
at other Government offices for moving small parcels and 
messages from one room to another. As an exhausting 
machine, the blower is also applied with advantage as a 
gas exhauster and for the ventilation of mines. 

The leading feature of Root’s blower consists of two 
duplicate rotary pistons, fixed upon s te shafts and 
working in a casing, which is provided with inlet and 
outlet openings either at the top and bottom, or at the 
sides, according to the position in which the machine is 
arranged. The rotary pistons in revolving are maintained 
in their proper relative positions by gearing on the shafts, 
and ae revolve closely together, but not in actual con- 
tact with each other or with the casing ; hence the absence 
of internal friction. The action of the pistons is illustrated 
by the two working models exhibited, showing a section of 
the pistons and casing. For different purposes the pistons 
are formed of two distinct types, which will admit of having 
their proportions changed within certain limits. With a 
casing of definite size therefore the capacity or volume of 
air forced forward will be considerably more with rotary 
pistons of one proportion than another, and this proportion 

ives larger delivery; and this is the proportion in the 

lowers for forcing or exhausting air. The type and pro- 
portions of the rotary pistons shown in the diagram 
exhibited are similar to those used in Jones’s gas 
exhauster; but for Root’s gas exhauster that type of 
rotary piston has been discarded as unsuitable, because 
without considerable s or leakage between the pistons 
there is not sufficient roé6m for the gas tar and other sedi- 
ments Speed from the gas in passing through the ma- 
chine. For gas exhausting, therefore, another type of 
rotary piston is adopted ; and this form still retains the 
elements of close fitting to prevent the gas from escaping 
backwards, and allows plenty of space to receive the gas 
tar so as not to interfere with the running of the machine. 
The rotary pistons of this type do not require to be so 
accurately maintained in their proper relative positions, 
and a small movement of either of them towards or away 
from the other will not cause them to knock togetier 
or come in contact. These rotary pistons consist of the 
centre cylinder and the outer extremities; and these are 
portions of circles, and are easily and accurately produced 
in the lathe and shaping machine. The extremities are 
less than quarter circles ; this gives considerable 
and allows the gas between the pistons in the spaces to get 


away freely. 

Root’s mine ventilator (Figs. 1to7, p. 468) has been fixed at 
the Chilton Colliery, near Ferryhill, Seskeiee to the South 
Durham Coal Company, and was started at the beginning of 
this year, and been in constant work up to the present time. 
It consists in this case of the two rotary pistons which are 
each 25 ft. in diameter and 13 ft. wide, and are built up 
upon steel shafts. Upon each of the shafts are keyed five 
cast-iron disc-plates, having at their circumference flanges 


TABLE I.—Roor’s Ming VENTILATOR AT CHILTON COLLIERY, FERRYHILL.—VELOCITIES OF AIR IN 
DIFFERENT PoRTIONS OF AREA OF TUNNEL. 












































Number of experiment ... 3 4 5 7 8 10 12 16 
Revolutions per minute 
ees co 10.5 12 13 17 18 21 23 37 
Pediifen cf ensieeuiien: owriny of ag of ber «nd of —— of ae 4 of veay of Veer of veoe of 
Ft. per | Ft. per Ft. pe Ft. pe Ft. per Ft. per Ft. per Ft. per 
See diagram min. min. min. min. min. min. hat min. 
1 720 4 920 1125 1240 1350 1480 
2 695 25 805 1080 1050 1285 1815 
3 580 590 715 930 985 1100 1250 
4 570 690 635 855 1085 1150 1190 
5 560 610 750 1000 900 1110 1275 
6 565 625 700 930 935 1120 1210 2300* 
7 610 720 710 960 1050 1240 1270 
8 220 230 255 835 400 475 550 
9 360 430 400 580 615 760 840 
10 435 580 800 1075 870 975 1175 
Mean 581 601 669 882 908 1056 1155 2185 
Velocity of air measured by Biram’s anemometer. Sectional area of tunnel from upcast shaft to ventilator=112 sq. ft. 


*In 


‘o. 16 experiment, at 37 revolutions per minute, this was the only measurement that could be obtained ; the 
area of the tunnel being too contracted for so large a quantity of air, men could not remain in 


the tunnel many 


minutes, owing to the high velocity of the air current, and to a large quantity of water being drawn in with the air. 
The difference in the other experiments between the mean velocity of the air and its velocity in the centre of No. 6 
division of the tunnel area averages 5 per cent. ; and this proportion being applied to No. 16 experiment gives 2185 ft. per 


minute as the mean velocity. 


TABLE II.—Roor’s Mine VENTILATOR AT CHILTON CoLLIERY, FERRYHILL.—MEASURED AND THEORETICAL 
DELIVERIES OF AIR AT DIFFEREET VELOCITIES. 

















Number of experiment . | 3 4 5 7 | ° 10 12 16 
Date of experiment eee ove ost 1877 ‘Mar. 17. |Mar. 17.|Mar, 17. |Mar. 17,' Feb. 3. | Feb. 3, |Mar. 17.| Febv3. 
Revolutions of ventilator R) Permin, | 105 12 13 7 | 18 21 23 37 
Velocity of air in tunnel (Table 1.) V| Feet per min. | 531 601 669 | 882 | 908 1056 | 1155 | 2185 
Detivery of air{ Hegsuredt ...""V x 1I2=M| yy | sha72)| 67a1a| 74928] pares | L0lee | 118-272) 120,300) 248720 
Ratio woe ote x x 100} Percent. 97.65| 96.71 | 99.87 | 100.18) 97.41 | 97.10 | 96.97 | 114.04 
Leakage 8.0 sete ” 2.35 3.29 0,63 2.59 2.90 3.03 


























* The theoretical delivery is the capacity of the ventilator (5800 cubic feet) x revolations per minute, 


¢t The measured delivery is the velocity in the tannel x 112 square feet sectional 


In Nos.4, 5, 8, 10, the air measurements in Table [. were taken 


area of tunnel. 


simultaneously with those of indicated horse power given in Table IIf, 


The experiments Nos, 3, 7, 12, 16, are not carried out in Table IIL, the whole of the data not being obtained in those cases. 


each disc-plate there are three wrought-iron bars fixed on 
each side of the centre, and reaching to the outside of the 
rotary piston; planed recesses are provided in the disc- 
plates to receive the bars, which are also secured to the disc- 
plates by bolts turned to fit. The outer ends of the bars 
are widened, and marked off and slotted to the radius of 
the outer circle. Angle irons bent to the radius of the 
outer circle are rivetted to the extremities of the bars, 


circles are also t 
the turned flanges of the dise-plates. 


pistons are covered with wood, and the ends with sheet 
iron. These pistons revolve in upon 
deep cast-iron girders which form the framework of the 


ventilator pit, and are connected together at each end of 
the ventilator by cross girders. The girders and the cast- 
iron side plates are planed on their inside surfaces, and the 
stonework of the ventilator pit is dressed off level with 


The engines to drive the ventilator are a pair 
ees with 4 Ls stroke, and we 57 eet 
cu ves. e engines are placed angles 
the ventilator, and are to it th bevel 
9 ft. 2% in. in diameter, two bevel wheels being 





which are all turned up exactly of the same diameter. In 


the crankshaft, each gearing into a 


upon the end of the ventilator shafts. The engine beds 
are carried down and fixed upon a stay girder, which in 
turn is securely keyed and boltedto the main girder. 

The main girders are fixed 13 ft. } in. apart, therefore 
the clearance between the rotary pistons of 13 ft. width 
and the sides of the ventilator pit is only } in. on each side. 
At each end of the ventilator pit and at the bottom on each 
side of the inlet from the upcast shaft, adjustable 
blocks of timber are fixed upon hinged iron frames, 


4 


can be paomrlyt thor ve wena eet hi epembererat hs 
up quite to periphery e rotary pistons i 
re e clearance between the periphery of one of the 


rotary pistons and the centre circle of the other is also the 
same, and thus in any of the ventilator the clearance 
for loss by returning of the airis not more than } in. ; 
will account for the measured quantities of air in Table 
corresponding so closely with the calculated 
displacement, which is 

tween the ing blocks 


—— and dependence is 
locks to maintain the ti 
ends of the ventilator pit. 





The rotary pistons are eqnally balanced, and also the 
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arts of the engine ; and the friction diagram in experiment 
0. 1, Table LI., shows that 3.10 indivated horse power 
main the ventilator and — at a constant 
speed of 3 revolutions per minute; this shows that the 
has had attention, and th that not much power is 
lost in the friction of the moving Chilton Colliery 
is a new pit raising 800 tons of per day, and the present 
ae | in the way of ventilation are amply met by 
the ventilator at 15 revolutions per minute, giving 
of 87,000 cubic feet of air per 
better results would be obtained b 
her tand, 





sphere ata lower velocity than is usual with other venti- 
lating machines. 

The tabulated statements appended, Tables I., II., and 
ITI., contain the results of experiments made at two trials 
of this ventilator. In the anemometer Sap me 
Biram’s anemometer was employed, and the 
Table I. arejcorrected by means of a _ supplied wit the 
instrament, which was tested f bP grape of these 
trials. In experiments Nos. 4, 5, . Sand 1 the anemometer 


and water gauge measurements were taken simultaneously 
with indicator s from both cylinders. The 
sectional area of petit ¥ is only 1 Tif cane feet at the 


point where the anemometer measurements were taken, 
which is much too small. On reference to eyo 16, 
Table I. » it is seen that. > divi 
— could be 





from the friction of the air, when it is remembered that 
the power required to overcome the friction of the air in 
any given area increases in proportion with the square of 


the velocity. 
(To be continued.) 








CoNNECTING SYDNEY WITH MELBOURNE.—The New 
South Wales Government expects to be shortly in a position 
to accept tenders for the construction of a line to ——e- 
The Great Southern Railway of New South Wales is 
open for traffic as far as Murrumburrah, a distance of 
miles from Sydney ; and it is expected that an extension 
to Cootamundra, a further distance of 25 miles, will be 
ready for use about the middle of + Some a waged 
has ta with another section from Cootanfundra to 


Wi , a distance of 56 miles. The final section 
w ay ors are - ogy he Snowe anne 
reed bo Rat pe Ep A 


miles. It 
from Bydney € Albary by the close of 1876." 
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AMERICAN IRON AND STEEL WORKS.* 
‘By A. L. Houuey and Lenox Sura. 
No. V.—Tue Uston Iron Works, Burrato, N.Y. 
Tue works belonging to this company are situated 


at Buffalo, Erie County, New York, upon a tract of 
jand 53 acres in extentand having two water fronts 

















out breaking bulk. The New York Central Rail- 
road and the Lake Shore and Michigan. 
and Erie Railways connect the works both with the 
east and west, and they are also connected with the 
Lehigh Valley Railroad, the Grand Trunk Railway, 
and the Great Western Railway of Canada, as well 
as with the Buffalo, New York, and Erie Railway. 








The Melle; 
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and the efficiency of the plant has thus béen main- 


, Southern, | tained. 


The blast furnaces, which are shown by Figs. 2, 
38, and 4, are each 50 ft. in height and are yer ery ed 
14 ft., 15 ft.,-and 17 ft, across the boshes ; they have 
closed tops. Blast furnace No. 1 has an upright 
blowing engine 42in, by 7 ft. stroke with a fooin. 
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of 1600ft. each upon the Buffalo river, upon which 
are erected docks enabling lake vessels and Erie 
Canal boats to deliver their cargoes alongside with- 





* In the course of this series of articles, frequent re- 
ference will necessarily be made to the exhibits of various 
steel manufacturers in the United States, at the late 
Centennial Exhibition, and some of which were not 
noticed in the brief review of American Iron and Steel Ex- 
= at Philadelphia which has already appeared in our 

umns. 












| The works, which were designed and built by Mr. 
John Griffen, now general superintendent of the 
works of the Phoenix [ron Company, at Phoenix- 
ville, Pennsylvania, consist of three blast furnaces 
and several large rolling mills with the necessary 





machine shops, blacksmith shops, boat yards, &c., 
as explained in the general map, Fig. 1. In nny 
ing the works Mr. Griffen had especially in view the 


| rolling of large shapes and extreme lengths; his 
| original plan has been adhered to by his successors, 
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reworked. 
te Tee il Furnaces ee 2 erie have 
similar upright blowing engines 36 in. by 7 ft. stroke 
with 84 Th. blowing cylinders, To supply these 
furnaces about 50,000 tons of ore are annu- 
ally, this ore being obtained mainly from the Lake 
Superior regions and in part from the mines of the 
com in St, Lawrence County, New York, To 
smelt this amount of ore there are per 
annum, 45,000 tons of anthracite coal, which is 
brought from the mines in Pennsylvania over the 
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Lehigh Valley and the Erie Railways direct to the fur- 
naces. The stock houses are brought into immediate 
connexion with the various railway sidings by means 
of an elevated railroad half a mile in len The 
reception of materials is thus convenient and eco- 
nomical, The annual production of the three blast 
furnaces is 28,000 tons of pig iron, almost all of 
which is manufactured into wrought iron at the 
works, while the surplus, if any, is sold at Buffalo, in 
the West, or in Canada. 

The rolling mills are of brick with iron roofs and 
consist of a main building 540 ft. long by 88 ft. 
wide, with four wings of 100 ft. to 178 ft, in length. 
The main mill contains a 19 in, three-high train 
of puddle rolls driven by a vertical condensing 
engine with 44 in. cylinder by 39 in, stroke, which 
also drives a rotary squeezer, The rolls are sup- 
plied with iron by sixteen double puddling furnaces, 
and have a capacity of 70 tons per day. The train 
upon which the beam, channel bridge, and bar iron 
is rolled is located in the east wing, and is a 2] in. 
three-high train driven by a vertical condensing 
engine with 44in, cylinder by 39 in. stroke. Six 
heating furnaces are used in connexion with this 
train. The product is about 50 tons per day of 
beams varying in depth from 4 in. to 15 in., and 
reaching an extreme length of 90 ft. Drawings of 
the beam pile and also of piles for sides and middles 
are shown by Figs. 5, 6, and 7. The rail train is 
located in the north end of the mill, and is also a 
21 in. three-high train driven by a vertical con- 
densing engine with a 44 in. cylinder by 36 in. 
stroke, This train is supplied by eight heating fur- 
naces, and has turned out 75 tons of rails per turn. 
When not employed in rolling rails it is used for 
roughing iron forthe beam train. In addition to the 
trains already described there is an 8 in, train driven 
by a vertical engine with an 18 in. cylinder by 12 in. 
stroke, and also a 12 in. train directly driven by 
a vertical engine having a 24in. by 24in. cy- 
linder. These trains, upon which merchant bar 
and angle iron is rolled, are three-high, and each is 
run in connexion with one double heating furnace. 

The plate mill, built in 1875 according to the 
= and under the superintendence of Mr. James 

enkins, is a brick building 100 ft. by 130 ft., with 
an iron roof, and is located on the west of the main 
mill. In contains a roughing and a finishing train, 
the rolls of which are 3lin. in diameter by 96 in. 
long, driven by an engine having a 36 in, cylinder by 
7 ft. stroke. The roughing train has a steam lift 
and is worked two-high. In the finishing train, 
which is three-high, the middle roll runs by con- 
tact, while the upper roll is driven by a belt, thus 
saving the shock peculiar to large plate trains, This 
improvement was 8 ted by Mr. William Fritz, 
who first used it in the Abbott Iron Works at 
Baltimore, Maryland. Two large heating furnaces 
are used in this department, the product of which 
consists of plate iron of every description. It may 
be mentioned in this connexion that the iron for ten 
screw steamers for lake service has been made at 
these works, five of the vessels having been built on 
the premises. 

The fuel used in the various mills is bituminous 
coal from the Fall Brook mines, in Tioga County, 
the mines of the Schraeder Coal Company in Brad- 
ford County, and the mines of the Buffalo Coal 
Company in McKean County, all in Pennsylvania. 
When the works are in full operation about 36,000 
tons per annum are . 

The roll turning shops, machine shops, &c., enable 
the company to do most of ite work on its own 
premises. tween 1000 and 1200 men are em- 
ployed at these works, and when running fully up 
to their capacity the product is 100 tons of pig iron 
and 150 tons of finished iron per day. The product 
consists largely of beams ot other shapes, which 
are ship to all parts of the United States and 
Canada, the principal markets being New York and 
Boston in the east, and Chicago, Cleyeland, and 
San Francisco in the west. 

The exhibit of this company at Philadelphia con- 
sisted of a very creditable array of long beams, 
sample sections, tested specimens, and iron ores, 
Among the features of the exhibit which challenged 
especial attention was a collection of finished [- 
beams consisting chiefly of a light 15-in. beam 46 ft. 
long, weighing 2300 Ib., a heavy 15-in. beam, 52 ft. 
long, weighing 3467 lb., a 9-in. beam, 80 ft. long, 
weighing 2400 Ib., and a 12}.in, beam 465 ft. long, 
which weighed 1875 lb. An angle bar 6 in. by 4 in., 
55 ft. long, and one 6 in. by 6 in. 56 ft. long, weigh- 


of the exhibit also contained an iron plate 24 ft. 10 in. 
long, 663 in. wide, and 3 in. thick, which weighed 
1950 lb. The above described specimens, which were 
all rolled at a single heat, were remarkable for good 
finish. Another de ent of the exhibit contained 
a boiler head 92 in. in diameter, a very extensive col- 
lection of sample sections of I-beams from 4 in. to 
15 in. in depth, sections of deck beams from 5 in, to 
10 in, in depth, channel bars from 6 in. to 12 in. deep, 
angle bars from 1 in. by 1 in. to 6 in. by 6 in., tee- 
iron from 2 in. by 2 in. to 4 in. by 4 in., and sections 
of rolled shafting in considerable variety, together 
with specimens of framed beams illustrating the 
manner of fitting them together in construction. 
The tests of quality, although not numerous, were 
very satisfactory and consisted of beams of various 
dimensions twisted and bent cold, and also of a 
heayy beam with a slit planed in its web for half 
its length, the top and bottom flanges being bent 
cold in opposite directions. The ores shown were 
specular Coeatiten containing 65 per cent. metallic 
iron, brown hematitescontaining 55 percent. metallic 
iron, and magnetic ore containing 63 per cent. me- 
tallic iron, all from the Lake Superior region. There 
were also exhibited specimens of magnetic ore from 
Lake a containing 60 per cent. metallic 
iron, and hematite containing 45 per cent. me- 
tallic iron from the Cooper’s Falls mine, St. Law- 
rence County, New York, which is owned by the 
Union Iron Company. An improved automatic blast 
furnace register for recording the pressure of the 
blast during each of the twenty-four hours was also 
shown. The exhibit showed very conclusively the 
excellent quality and workmanship of the product, 
the larger specimens being especially remarkable for 
size and weight. 








REESE RIVER PROCESS FOR THE EX.- 
TRACTION OF SILVER IN COLORADO. 
By T. Eaxzston, Ph. D. 

As examples of this process, I have selected the 
works of the Niederland Company, at Niederland, 
Boulder County, which treat their ownandalso custom 
ores by roasting and pan amalgamation, and the 
Pelican Mill, at Georgetown, Clear Creek County, 
which treat mostly the ores of the Pelican mine b 
roasting and barrel amalgamation. Both of these 
works use Briickner’s cylinders, 


NIEDERLAND MILL. 
This millis situated in theRocky Mountains, at an 
elevation of 7100 ft. *It is 54 miles from Denver, 
88 miles by Colorado Central Railway to Central 
va and 16 miles from there by stage. 

The ore treated comes for the most part from the 
Carabon mine, and contains 50 oz. of silver, with a 
trace of gold, to the ton; 3 per cent. of iron 
pyrites ; 4 per cent. of zinc blende ; 2 per cent. of 
copper pyrites ; 6 per cent. of galena; 10 per cent. 
of talcose substances ; and 75 per cent. of quartz. 
The capacity of the mill is from 15 tons to 17 tons 
per day of 24 hours. 

The building which contains it is situated on the 
side of a hill, and is 165 ft. long and 100 ft. wide. 
It has seven different levels, each one of which is 
devoted to its own special p s. The ore 
arrives on the first, which contains the ore bins and 
the crusher. From the crusher it falls to the next 
level to be dried on the drying floor, which is situated 
directly in front of the stamps. From the stamps it 
is carried by an endless chain into bins to be dis- 
charged into the Briickner — which are 
situated on the fourth level. From here it goes to 
the cooling floor, which is only a few inches above 
the level of the pans, From the pans it goes into 
the settlers on the level below, and then to the 
agitators from which it is discharged. The plant of 
the mill consists of one Blake’s crusher; three 
batteries of five stamps each; 14 amalgamation 
pans; five settlers, and two agitators. 
The process consists of : 
1, Crushing and stamping the ore. 
2. Roasting the ore. 
3. Am ating the ore. 
4. Distilling and melting the silver amalgam. 
l. Crushing and Stamping the Ore-—The ore coming 
from the mine is screened over a half-inch screen, 
the object of which is to get out the iron from 
broken tools which may have been sent from the 
mine in the ore. All the ore which passes through 
the screen goes to the drying floor, that which 
—_ over it goes to the Blake’s crusher, which 
a capacity of 35 tons in 24 h and which 
runs only 12 hours a day. The r and the 


Y | Briickner cylinders. There are four of 


floor is directly in front of the crusher. This floor 
is directly over the flue from the Briickner cylinder 
and is heated partly by it and partly by a furnace 
adapted es ly for it. From the floor it is 
shovelled di into the batteries. The stamp 
mill is com of three batteries of five stamps 
each. They are revolving, high mortar, and dry 
crushing. Each stamp weighs 850 lb. when new, 
and has a fall of from 7 in. to 9 in., making 100 
drops per minute. The shoes weigh 60 lb., are 
6 in. in height, and have an 8 in. face, being of equal 
diameter throughout. The shoes and dies wear 
about an inch a week. The dies wear the fastest, 
the shoes being replaced every six weeks, and the 
dies every four. In order to insure the same height 
of fall the tappets are set every week. The stems 
of the stamps work in wooden guides, It has been 
found that iron boxes, which were formerly used 
almost universally, wore out the stems in about a 
year, and for that reason they were abandoned. 
The wooden boxes are made of very soft wood, the 
softer the better. They wear very little and can be 
= easily replaced. 

he screens in front of the batteries are 22 in. in 
height. The battery boxis 4 ft. long. The screens 
are 40 to the linear inch. These screens are en- 
tirely enclosed in woodwork, which forms a small 
chamber in front of each of them, each battery 
having its own set of doors. From the screens the 
ore is discharged into a trough in which a worm is 
ge and is carried a certain distance to an end- 
ess chain which discharges it into the hoppers for 
the Briickner cylinders, Only one man is required 
at the stamps for 12 hours. A small sample is col- 
lected every hour during the 24 hours from the 
stamps for assay. 

2. Roasting the Ore.—The ore hoppers above the 
cylinders contain one charge. They are made of 
sheet-iron, and are provided with gates in front of 
the endless chain so as to prevent any more ore 
being charged into them when they are full, and 
also with a gate at their bottom, to discharge the ore 
directly into the cylinder. ‘The arrangement is 
made so that each hopper commences to fill as soon 
as a charge is withdrawn. The work of looking 
after this is done by the men in charge of the 
riickner’s 
cylinders in the mill. They are 12 ft. long 5 ft. 
6 in. in diameter. The charge is 3500 Ib. to 2 tons 
of ore. ‘The ore contains so little sulphur that the 
salt is charged at once on the top of it; 75 Ib. to 
200 lb. of salt are charged, the amount depending 
upon the quantity of silver. It is always added ac- 
cording to the way the ore assays. As the ore 
contains but little sulphur the fire is kept up most 
of the time, the fire-place door being always shut. 
As each charge is drawn an assay is taken which is 
leached with hyposulphite of soda. 

I give below a very elaborate statement of the 
work done in the cylinders for the year 1875, which 
has been recently published by Mr. Cone, the super- 
intendent of the mill. 

This Table shows the lowest chloruration to have 
been 85.5, and the highest 95.4, the mean of the 
year being 90 per cent. The time of roasting averaged 
from 8} to 11 hours. 

When the charge is finished it is drawn into 
an iron wagon which tips like a cradle. It takes 
from one to ene and a half hours to discharge the 
charge. 

Each cylinder has its own dust chamber from 
which a large quantity of dust is taken, but since 
the diaphragms have been taken out of the cylinders 
the quantity is very much diminished. 

From thé cylinders the roasted ore goes directly 
to the cooling floor. The composition of the ore is 
such that it is rarely ever sintered and does not cake, 
so that it rarely requires to be screened. It remains 
half an hour on the cooling floor. It is slightly 
moistened with water to prevent the dust from 
flying when it is removed. It is allowed to remain 
here only to wait until the pans are ready. 

3. Amalgamation of the Ore. —The pans are 
situated on a level with the cooling floor. They are 
a slight modification of the Varney pan, made by 
one of the former superintendents. They are all 
covered with an iron cover, in which openings for 
the introduction of the charge are made, The bottom 
is made of iron, but the sides are wood. They have 
adouble bottom for steam heating, which is not 
now used, as steam is discharged directly into them. 
The pan is thoroughly cleaned with water, and is 
then set in motion, revolving 75 turns a minute. No 
change is made in this velocity from one end of the 








ing respectively 990 Ib. and 1040 lb., were also con- 
ns features of the display. This department 


screens require one man in 24 hours. The drying 


operation to the other, The pan is filled to one-eighth 
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Weight Fineness | Time of of 
— ‘inte ~ in Tons. | 4®*9Y- |of Bullion.| Roasting. |Salt Used. 
Maximum of chloruration 92.5 9,031 147 828 
January { Minimum of chloruration 87.8 5,093 30 713 
Averages ad aia 90. 396.8 52 744 8} 137 
Maximum of chloruration 95.4 11,231 152 831 
February } Minimum of chloruration 89.7 10,344 50 788 e 
Averages ts a 91.0 318.2 70 812 8} 108 
Maximum of chloruration 91.2 12,595 74 821 
March... { Minimum of chloruration 87.1 11,102 37 740 
Averages pi si 88. 371.2 46 790 9 137 
Maximum of cbloruration 93.2 8,505 92 847 
April ... { Minimum of chloruration 89.8 12,027 34 766 
Averages... tt 91.0 4 58 807 9 136 
Maximum of chloruration 94.5 10,214 168 842 
May ian } Minimum of chloruration 86.8 7,361 26 763 
Averages... bee 89.4 329.8 54 825 9} 140 
-|Maximum of chloruration 90.8 5,980 42 815 
June ... “4 Minimum of chloruration 85.9 10,580 32 773 . 
Averages ‘ i. 88.3 393.9 37 794 10} 138 
July .. |Averages ... dee 88.8 362.7 42 820 | 9} 136 
Maximum of chloruration 92. 10,000 41 866 
August } Minimum of chloruration 87.6 12,148 27 836 
Averages... bas 89.1 319.9 36 854 10} 100 
Maximum of chloruration 91.4 12,540 56 928 
September } Minimum of chloruration 85.5 14,605 26 858 
Averages... pa 89.1 246.2 51 893 11 
Maximum of chloruration 92. 11,880 65 946 
October | Minimum of chloruration 87.5 8,580 56 868 
Averages... die 89.1 8 43 902 10} 96 
Maximum of chloruration 85.9 12,600 81 878 
November { Minimum of chloruration 89. 6,930 21 814 
|Averages... oie 92.8 305.3 41 853 1l 106 
|Maximum of chloraration 92.4 14,300 48 822 
December { Mision of chloruration 89.3 14,520 56 777 
| Averages... oa 91.5 120.9 53 804 10 42 











of its depth with water, and one gallon of lime water 
introduced to correct any possible acidity in the ore. 
The charge is 850 lb. of roasted ore, which is 
brought in a wooden wagon, having a projection on 
the front closed by an iron gate. The car runs on 
rails from the cooling floor to a platform covered 
with sheet iron. The wagon then revolves on its 
axis and tips so that the projection in the car fits 
directly into the opening in the cover. By this 
means none of the ore from the pan falls on to the 
floor. Only half the shoes are put on the muller, 
which is raised so that the shoes and dies are $ in. 
apart. There is very little wear on them, so that 
they last about eight months. They can be easily 
taken out and replaced. The mixture of water and 
ore is called “pulp.” The quantity of water is so 
small that the pulp at the commencement is so stiff 
that a stick put into it sucks when taken out. 
Steam is introduced at once so as to bring the pulp 
to about 212 deg., the steam is then cut off, and 
only enough introduced after this to keep it at that 
temperature. 

The pans revolve from one to one and a half 
hours without further addition, and mercury is then 
introduced. The usual charge is 150 1b. to a pan. 
{t is simply poured in. The revolutions are con- 
tinued for eight hours without changing the height 
of the muller. If too much lime water has been 
introduced at the commencement, the mercury is 
flowered. If it is found to do so, a half gallon 
of a weak solution of sulphuric acid is put in just 
after the charge is withdrawn to correct it in the 
next charge. 

The pans require one man in 12 hours aided by 
the cooling-floor men and the superintendent of 
the pans. In from nine, to nine and a half hours, the 
charge is worked and the pans are discharged into 
a trough which stands below them, there being one 
trough for every two pans. From the bottom of 
this trough there is a pipe leading to the settlers. 
The trough is6 ft. long by 18 in. wide and deep. 
When the pan is to be discharged the pulp is thinned 
with water, the pan being filled to within 2 in. of 
the top in order to make all the mercury settle to 
the bottom. After a short time, when the pulp is 
thoroughly thinned, the discharge plug in the bottom 
of the pan is drawn, an iron kettle, enamelled in the 
inside, being placed in the bottom of the trough in 
front of the spout to catch the amal and the whole 
pan discharged into the settlers which are placed on 
a level below. There are 14 pans in the mill, 10 
always in use, the others kept in reserve in case of 
accident. Four were made by the Miners’ Foundry 
in San Francisco, and the others by Lane and Bodley, 
in Cincinnati. 

The Settlers.—The settlers are of the ordinary 
California pattern, and are 8 ft. in diameter.and 3 ft. 
high. The sides are of wood and the bottom of 
iron. They have in the sides three discharge plugs 
at different levels. ‘Phe liquid is kept stirred by an 
agitator made of 2in. plank, which revolves ten 





turns a minute, and is left to revolve for eight 
hours, The arms of this agitator have to be replaced 
every month. The object of the work is to collect 
any fine mercury which may have been caught in 
the pulp, and may not have settled in the pans, and 
also to give time for any mercury which may have 
flowered to collect. For this purpose 4 1b. of fresh 
mercury is introduced. The bottom is made conical, 
and on its circumference a depression is made to 
catch the mercury as it falls toward the sides, This 
depression has an outlet in a syphon pipe, sufficiently 
high to counterbalance the pressure of water, from 
which the mercury constantly flows as it collects. 
This pipe ends in a box, which is kept locked. By 
means of the syphon the mercury is collected per- 
fectly free from sand and dirt. This mercury is put 
back into the pans as it collects, and is never re- 
moved from the settler by hand, except when for 
any reason it must be cleaned. The mercury is all 
under lock and key, andis not allowed to be touched 
by the workmen except at the pans, as by careless- 
ness in handling it is likely to be spilled and lost. 
Over 60 lb, of mercury were washed out of the earth 
below the pans at the time the present company 
took charge of the mill. There are five settlers in 
the works. At the end of eight hours the three 
lugs are taken out one after the other, commenc- 
ing with the upper one, and the contents allowed to 
discharge itael? into the agitator below, which is 7 ft. 
in diameter and 6 ft. high. When the water no longer 
flows the next andso on is removed, until the whole 
settler is discharged. In the agitator a constant 
stream of water is allowed to tow. It is cleared 
only once a month and 12 ib. to 141b. of mere 
collected init, The overflow from here runs through 
siuices with amalgamated copper plates, and the 
residues are treated in Hendy’s concentrators, The 


tailings assay about 5 dols. to the ton, The total | Do 


loss in mercury ? Ib, to the ton. 
4. Distilling and Melting the Amalgam.— The 


amalgam which is collected in the kettle in the pan | Roof 


trough, and that collected from the ‘settlers, is 


strained through a canvas bag, the excess of | Backh 


mercury runs into a porcelain lined pot, into a box 
below, which is locked. ‘The residue in the strainer 
is sent to the retort to be distilled. The 
which is found in the pans, and that which is 
scraped from the shoes and dies, is treated in order 
to free it from iron and mud, in a small 26in. in 
diameter, similar in all respects to the others, 35 lb. 
of mercury to 100 lb. of amalgam are added, and the 
whole is treated with cold water until it becomes 
clean. The retort is the ordinary cast-iron retort, 
the door of which has four flanges on it, and is 
closed with a cross bar.. All the wood and ironwork 
about the establishment which comes in contact 
with mercury, as well as the , is distilled in 
ground, and added to 


this furnace, and the residues 
——. 

e bullion produced is 700 fine. The whole 
amount of wood used per day is ten cords, four at 





the engine, four at the cylinder, and two at, the re- 
torts — drying floor. The price of wood is 2.50 dols. 
per cord, 

About 20 workmen per shift of 12 hours are re- 
quired to do all the work of the mill. 

The cost of running the mill in 1872, as published 
by the company, was’: 


SF 
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1 superintendent and assayer 
; rac a ge eer ig aia ot ai 
assistant engineers at 3.00 dols. eo 
1 rock breaker aa - ose 
3 dry kiln men at 2.50 dols. 
3 feeders at 3.00 dols. ote 
2 cylinder men at 3.00 dols. ove 
Sogulve Coonan 06 300 dols, ... 
amalgamators at 3. pose ¥ 


1 stamp cleaner “ ... 9... a fs 
1 office clerk, one-half to mill and one-half 
to mine, at 3.33 dols. ... 2 ‘s 

9 cords of wood at 3,00 dols. per cord ... 
lb., 


Salt, 6 per cent. on 20 tons ore, 2400 
2} cents... vf i vee ie 
es » loss May ~ ted at tort ton, 
8 Ores . mercury a cents 
Oil, lights, &e., estimated... ww. 
Wear and tear of machinery 


Total daily expenses... oe» =178,15 
At that time the mill was reducing from 18 to 
20 tons per day, which would make the cost per ton 
8.90 dols. This cost is very much lower than that 
which has been recently prog J Mr. Cone, the 
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9.50 
2.50 
9,15 


streayy superintendent of the mill, which I give 
elow : 
Cost of Treating One Ton of Ore in 1875-76. 

dols. 
Labour a one ai 6.18 
Quicksilver ... ons ove 0.76 
Salt... at oak an . 2.09 
Wood ... id 3.43 
Oil, candles, &c. 0.37 
Repairs ie 1.68 
Per ton 14.51 


This mill is one of the best appointed and best 
managed in Colorado. 








THE PENNSYLVANIA RAILROAD. 
No. XXV,.—Srationary Borers, 

WE may conclude our description of the locomo- 
tive and car shops at-Altoona with a notice of the 
standard types of stationary boilers used at the works, 
as well as upon some of the other shops upon the 
line. Figs. 64 and 65 are longitudinal and transverse 
sections of the stationary boiler No, 2 at Altoona, 
and also at the car shops, West Philadelphia. It is 
a plain cylindrical boiler with a firebox adapted for 
burning anthracite attached at the end, the crown 
of which is 16} in. below the top of the barrel; a 
steam dome is placed near the end of the latter, and 
in front of the smokebox is a projection for makin 
the connexion with the flue. The total length o 
the boiler is 22 ft. 1gin., and of the barrel 12 ft. 
118 in,, the firebox being 6 ft, 9}in. long outside, 
and the smokebox 2 ft. 43 in. e following is the 





list of plates employed : 
Barrel .-@ 1 plate 66 in. by 42} in. by 
‘a a ..@ 1 ,, 148hin. ,, 424in. 
eo a 4 7, 106k in. °, 40h in. ;, 
. a 2 7, 107Pin. 5, 42bin. 5, 
Smokebox . O 2,4, 107 in. ,, 26}in. ,, 
me .@ 1 ,, 7 in, ,,22}in. ,, 
Throat . B 1 ,,  79bin. ,, 62$in. 
Neck ~C 1 4, 76 in. ,, 33. in. 5, 
Sides »~E 2 , 78tin ,, 3 
9 ae ee oh in »y 46¢ in. 
Hip aid ; = 1 ” 77 in. bin ” 
oer jae) in. ’ in. ” 
Front tube sheet H 1 |,, 684 in. diameter 
Smokebox end... h 1 ,,  63}in. pe 
Firebox : : 
Crown sheet... J: 1 ,, 72 im. 5, 61}in. ,, 
Bk.tubesheet m. 1 ,, 70 in. ,, 6ljin.,, a 
End... BP. 1 4, 70 ins 5 lf in, 55 zhin. ,, 
Sides... ... K. 2 5, 72. in. ,, 67Zin. ,, in. ,, 


The barrel of the boiler is 65} in. in diameter, and 
the width of firebox shell is 65% in. outside, and the 
top plate of the latter is made way Fs 
making the water space near the barrel 87, in., and 
the back end 5 in. The firebox extends for 263 in. 
below the barrel, making the total height of boiler 
92% in.; the water space between the shell and fire: 
boxis 4 in. back and front, and 4 in, at the 


thesides. The firebox is made with sides 
(Fig. 65), the width at the bottom being 564 in., and 
at the top 524 in. at the rear end tapered out to 


564 in, at the tube plate end; the length of the 
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firebox is 6 ft. The boiler is flanged throughout 
as shown in the section, The stays at the sides and 
ends are 1 in. in diameter, and are spaced — 
vertically, and about 4.3 in. apart horizontally. e 
roof vy ~ are of the same diameter, and are spaced at 
similar distances apart in each direction. The firebox 
is fitted with an anthracite water tube grate although 
bituminous coal is also sometimes burned ; the tubes 
are 1} in. outside diameter, and are spaced 3+, in. 
apart, There are 18 in all of these tubes, and they 
are set at such an angle that at the rear end of the 
firebox they are 8} in. above the bottom of the box, 
and at the forward end 44 in. The dome is 2] in. in 
diameter, and 17 in. high; the plate of the barrel 
where the dome is placed is flanged up toa height of 
4in., and the bottom of the dome is also flanged as 
shown. The top ring and valve seating are of cast 
iron, the ordinary Richardson valve, of the same 
type as that used on the standard locomotives being 
employed. The centre line of the pipe attached to 
the dome for leading off the steam is shown in the 
drawing. Thesmokebox, as stated above, is of iron 

in, thick; on one side is a door for giving access to 
it, and in front is the mouthpiece 27 in. in diameter 
by 7} in, wide, by which the junction with the 
brickwork is made. 

There are 97 tubes, 13 ft. 53 in. long (the distance 
inside between the two tube sheets is 13 ft. 33 in.) 
and 34 in. in diameter outside, the thickness being 
No. 10 gauge. These tubes are turneddownslightly at 
the ends for a length of about 3 in., and brass Suveies 
are placed over them, of such a thickness as to bring 
the ends back to their original diameter ; locomotive 
tubes are all prepared in the same way, with 
the object of making a better joint with the plate 
when the tubes are expanded. The forward end of 
the boiler is supported by a foot composed of a T- 
iron at top and bottom (the —— one being curved 
to form a bearing for the smokebox), and two ¥y-in. 
plates (see Fig. 64). 

The following is a summary of the leading parti- 
culars of this boiler : 





Number of tubes 97 
Outside diameter wit 3.5 in. 
Sectional area of tubes 5.5 sq. ft. 
Length of tubes... ove 13 ft. 3} in. 
Firegrate area ... eos 28.3 sq. ft. 
Heating surface : 

Firebox ... - oe inn ie. 
Water-grate {one half the area of 

these tubes is taken) ... sis ww BS » 
Tubes... site ali ove aie 

ee Oe 

Percentage of tubes to firegrate area 19.4 
Square feet of heating surface per aa 


square foot of grate ... . 


Figs. 66 to 76 show the construction of the heat- 
ing boilers in the new erecting shop at Altoona. 
These are also used for testing purposes, and may 
be taken as the second of the two standard types 
used in the shops on the Pennsylvania Railroad. It 
is constructed of steel, and has a total length of 
20 ft., with a diameter in the barrel of 50 in. The 
plates of the barrel and firebox sheet are j in. thick, 
and those of the firebox are y, in. The length of 
the latter is 72 in., its height 56 in., and its width on 
the top at the tube sheet end is 42 in., and at the 
bottom 49}in. At the rear end the top width is 
reduced to 38 in. The top of the boiler is flush 
over the firebox, and the space between the crown 
of the latter and the shell is 18 in. The tube sheet 
of the firebox is made differently to the one already 
described, It is }in, thick, and is flanged around 
the edge and rivetted through these flanges to the 
firebox plates. The length of the barrel is 11 ft., 
and near the smokebox one of the sheets is flanged 
out with a hole 30 in. in diameter, to receive the 
steam dome, which is also made of ; in, plates, 

The smokebox is the only portion of the boiler 
made of iron. In this case, it is provided with a 
door in front, the connexion with the flue being at 
the bottom as shown. The front tube sheet and all 
the firebox joints are made with flanges, and the fire 
door openings 16 in. in diameter are made by flanging 
both the box and shell plates, the latter being made 
small enough to allow it to slip within the former. 
The tubes are 3 in. in diameter outside, the thickness 
being No. 10 B. W.G., and the length 1] ft. The 
arrangement of staying is shown in the drawings. 
The firebox stays are | in. in diameter spaced from 
32 in. to 44 in. apart. There are 14 transverse roof 
stays, of the ordinary locomotive type, and shown in 
section in Fig. 66. Every alternate stay is connected 
to the crown of the boiler by sling stays, one at each 
end,- Fig. 68. In addition a horizontal round stay 
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passes from side to side of the firebox shell between | Heating Surface: 
each of the roof stays, and is rivetted as seen in Firebox ... -- 96 aq. ft. 
Figs. 66, 67. Three long stays 14 in. connect the Tubes - 638 ,, 
back plate of the firebox shell with the boiler. At —_— 
one end they are bolted to angle irons, rivetted to Total... ae 734 4, 
t ‘ , - - Fig. 71. . » ° » » 
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the back plate, and at the other are rivetted to the 
boiler as shown in Fig. 66. At the smokebox end 
there are also three i stays, similarly fastened, 
and in addition beneath the hole cut for the dome, 
five horizontal flat transverse stays are introduced. 
At the firebox end the boiler rests on the brick- 
work around the ash-pit, and in front on a light 
girder. Figs. 67 to 7p show the details of grate, 
which, though quite different to the one already de- 
scribed, is also adapted for burning anthracite. The 
bars are placed transversely, and are cast in groups 
of three. Each group is 5} in. wide, the Sutaide 
bars being 14 in. wide, and the middle 1} in., the 
spaces being Lin. wide. At each end of the bar is 
a trunnion 2 in. long by 1} in. in diameter, and at 
one end is an arm 10}in. long. Castings of the 
form shown in Figs. 75 and 76 are bolted to the 
inside of the firebox, Fig. 68, and the trunnion on 
the grate bars rests in the semicircular seats formed in 
the castings. The arms at the ends of the bars are 
all connected by a te 71), the latter being 
extended beyond the of the firebox where it is 
attached to a lever, Fig. 67. By this arrangement 
motion can be given to the whole of the grate. 

none following are the leading particulars of the 

er: 





Number of tubes on ose 7 
Outside diameter “as eco ove 3 in. 
Sectional area of tube aie eve 2.95 in 
Length of tubes eve oes ° 11 ft. 
Fire grate area... 22.2 sq. ft. 





| 


Percentage of tubes to firegrate area... 
Square feet of heating surface per 


square foot of grate 





MISSISSIPPI RIVER IMPROVEMENTS. 
THE improvement of the South Pass of the Mis- 
sissippi, by Captain James B. Eads, is progressing 
even faster, with a greater measure of success, 
than was reasonably to be expected, and all the an- 
ticipations of failure, so confidently expressed by 
the antagonists to the scheme, are already disproved 
by what been accomplished. It will be remem- 
bered that the work to be done was the improvement 
of one of the branches of the Mississippi Delta, so as 
to render it navigable, to the inealenlable benefit of 
the cities upon the river, and the shipping, which 
would then be able to enter the river without 
difficulty. To effect this, the smallest of the three 
great branches of the Delta was selected, and 
parallel dykes have been built witbin it, so as to 
restrict the limits of the channel, and thus increase 
the speed of the current. This increased flow has 
naturally created a scour, that has already produced 
a deep clearance, and has cut through the sand bar 
at the mouth of the p my So rapid has been the 
effect of this scour, t at the lower end of the 
there were, in April last, 60 ft. soundings, the 
Teast depth in any place being 21 ft. At the head 
of the passes, that is, at the commencement of the 
Delta, some important works have been in progress 
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and are now nearly completed. These have for 
their object the diversion of a large portion of the 
Mississippi discharge into the South Pass, so as to 
still further increase the scour and render the action 
of the water more rapid. The accompanying plan 
indicates the nature of these works and the changes 
that have taken place in the bed of the river at the 
head of the passes since 1875, when the work was 
commenced. These works are situated 12 miles 
above the outfall, and consist in the construction of 
dams across the heads of the South-West Pass and 
the Pass a l’Outre, and of parallel dykes 800 ft. 
apart running down some distance into the mouth 
of the South Pass, These dykes consist of a foun- 
dation of mattress work laid on the bed of the river, 
and of piles driven at convenient intervals, and 
strutted. Against these piles is laid a sheeting of 
mattress work, reaching above the water level. 
Their position as far as executed at the beginning 
of May, is shown on the accompanying map. On 
the eastern side of the South Pass the line of the 
bank is extended by a curved dyke for nearly 3000 ft., 
the lower end being closed by a brush dam. A 
second dam extends from the bank to the island, 
and a third, marked No. 1, from the upper end of 
the island for some 1500 ft., where it turns ata sharp 
angle and joins the east dyke. On the west side of 
the South Pass, dam No. 2 is constructed, forming 
the entrance to the pass. From the west bank of 
the river and running in a south-easterly direction, 
a sill dam of similar construction has been built 
joining dam No. 2, as marked on the plan, and clos- 





ing the head of the South-West Pass. This dam was 
completed in November of Jast year. A similar dam 
built between the east dyke and the east bank of 
the river will close Pass’ l’Outre. It will be ob- 
served that the width of the river where these works 
are placed is 9000 ft., or about 1} miles, and that 
the whole flood of the Mississippi is controlled by 
them, and a great part of it directed through the 
channel 800ft. in width. The total cross-section 
of the river is 250,000 square feet, and the normal 
cross-section of the South Pass is 24,000ft. At the 
end of April about 2000 ft. of the sill work had been 
completed, reducing the width to 7000 ft., while 
the aggregate length of dam will be 6000 ft, These 
ills are designed to prevent the enlargement of 
the s, as well as to divert the flow, and 
at the same time to furnish a foundation for 
ent dykes to be built from each shore and 
contract the channel, if such a course be found 
necessary. As early as last October sufficient of 
this dam work had been completed to control the 
flow to a large extent, and considerable anxiety was 
felt when it was discovered that for several months 
they produced none or but little of the intended 
effect. About the beginning of February, however, 
the river began to rise and the current to increase, 
the effect became manifest, and during the period 
of flood a remarkable scouring or deepening of the 
channel resulted, proving beyond any doubt the 
value and efficiency of the works. In the month of 
low water, dredging operations were carried on, but 
only to a very limited extent. The contour lines 





upon the chart show depths of 20 ft., 22 ft., 24ft., 
and 30 ft. in May, 1875, and May, 1877, while the 
sections on lines A B, C D, and F G indicate the bed 
of the river at various points at the same depths. 
The last named section shows in a striking manner 
the effect of the works at the head of the South 
Pass, where there are now 30 ft. of water for a con- 
siderable width, the scouring out of the channel, 
and the silting up of under dam No. 1. The longi- 
tudinal sections on K H, and O P show the profiles 
at the same periods along the western and eastern 
channels respectively of the South Pass, 
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Tramways et Chemins de Fer sur uae pee or 
Jurisprudence — Réglementation. D’aprés les cUs 
—< Oficiels. Par P. Cuatuor. Paris: J. Roth- 
8C. . 

M. CuHaA.tort’s work is one which possesses a special 

interest at the present time when public attention is 

being a good deal directed to the further rn 
ment of tramways and cheap local railways. The 
author divides the original portion of his book into 
two parts occupying together 106 pages, the first— 
and most lengthy—of these parts dealing with 
tramways and the second with railways established 
upon roads. ‘To these parts, moreover, he adds 

twenty-four appendices occupying together 264 

pages, and therefore taking up over two-thirds of 

the bulk of the volume, These appendices consist 
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of reports and various official documents, and they 
are undoubtedly valuable for reference. 

M. Challot devotes the earlier chapters of his 
section on tramways to information concerning the 
concessions which have been granted for tramways 
in France, From these chapters we learn that 
tramways were introduced into France in 1853 by 
M. Loubat, who first obtained permission to put 
down an experimental line at Paris, on the Quai de 
Billy, and to whom was subsequently granted, in 
1854, a concession for a line from Vincennes to the 
Pont de Sevres, the term of this concession being 
30 years, Between 1853 and 1876 there were 
granted altogether twenty concessions for tramways 
in France, the total length of the lines thus 
sanctioned being 439.8 kilometres, or 274 miles. 
Our author in the chapters of which we are now 
speaking gives a short account of each of these con- 
cessions, explaining their legal position and affording 
a variety of information which will be of service to 
those interested in the development of tramway 
schemes abroad. 

In Chapter IX. our author takes up the construc- 
tion of tramways, and he states that in France the 
minimum width of roadway (between foot walks) 
on which a tramway is allowed to be established is 
7.15 metres (23 ft. 54 in.,) while the least width for 
a double line of tramways is 9.8 metres (32 ft. 2 in.), 
it being further enacted that the width left for 
footways shall not be less than one metre, M. 
Challot, however, remarks that although these 
| acenge rules have been made, yet it is not impro- 

able that departures from them may be allowed in 
special cases, and he points out that plenty of 
instances of tramways being established in narrower 
streets are to be found elsewhere than in France. 
The practice in France is to place the tramways in 
the centre of the roadway, and there seems to be a 
strong objection to authorising their establishment 
in any other position. At first, when these lines 
were established on macadamised roads, the paving 
of the road between the rails, and for a certain 
distance on each side of them, was not insisted upon, 
but it is now required. No restriction is placed 
upon the gauge, but so far that adopted in France 
has been the ordinary railway gauge of 4 ft. 8} in. 
The authorities granting the concessions have the 
right to determine in each case the form, weight, 
and mode of fixing of the rails, although this rule 
does not necessarily imply that they will not allow 
the constructors of the lines some liberty of design. 
In plans recently approved, the weight of rails is 
from 32 lb, to 40 lb. per yard. The width of the 
tramway vehicles is limited to 2.15 metres 
(7 ft. 0§ in.) 

The next chapter gives a brief account of what 
has been done in the construction of tramways in 
other countries than France, and our author then 
devotes a couple of chapters to a description of 
what has been done in France in the employment 
of mechanical motors on tramways, a brief notice 
being given of the steam tramway engine introduced 
by Mr. Harding, of the compressed air engine of 
M, Mékarski, and of the hot-water engine of M. 
Francq. The particulars given of these engines, 
however, are too brief to be of much professional 
interest. 

We now come to the second section of M, Challot’s 
work, treating of railways on common roads. This 
section is a brief one, occupying as it does but 
sixteen pages, of which nine are taken up by 

rticulars of the late Mont Cenis line, and of the 
Veeienaiet system. Altogether the section is a poor 
one, and contains nothing requiring detailed notice, 

Of the 24 appendices it will be unnecessary that we 
should speak at length. They include reports and 
decrees, forme of concession and retrocession, types 
of cross sections for tramways adopted in the depart- 
ment of the Seine, Belgium laws relating to tram- 
ways, and a variety of official information which it 
is very convenient to have thus collated.in a readily 
accessible form. Altogether M. Cha lot's work is a 
very useful one for reference, 





Discoveries at Ephesus, including the Site and Remains 
of the Great Temple of Diana. By J.T. Woon, F.S.A. 
With numerous Illustrations from original Drawings and 
a London: Longman, Green, and Co, 

ce 


Sl. 3s. 
No one, we think, can rise from a perusal of the 
book before us without a feeling of admiration for 
the energy and untiring perseverence displayed by 
its author in the prosecution of his explorations at 
Ephesus. The task carried out by Mr. Wood was 
undoubtedly a labour of love, and of this fact the 
narrative contains ample evidence, showing as it 





does how its author for eleven years struggled 
with his numerous difficulties, not the least of which 
was the not unfrequent shortness of funds. 

Mr. Wood commences his book with a chapter 
giving a brief historical account of Ephesus and its 
varied fortunes, and tells us how the city—the 
origin of which is recorded only in legends—grew in 
importance, while the commencement of its ultimate 
decline he traces to the act of an engineer who in 
the reign of Attalus II. appears—with the best 
intentions—to have so modified the mouth of the 
River Cayster as to cause the silting up of the 

reviously magnificent harbour. With all respect 
or Mr. Wood, however, we cannot help having 
considerable doubt whether the facts he records 
quite justify the charge brought against an ancient 
member of our profession, and as it is not now pos- 
sible to bring scientific evidence to bear upon the 
question we are inclined to give the alleged culprit 
the benefit of the doubt. At any rate he must be 
credited with having carried out substantial work, 
for Mr. Wood records that he was able to trace 
extensive remains of the embankment walls of the 
river without difficulty. 

Mr. Wood's explorations at Ephesus commenced 
in 1863 and terminated in April, 1875, they having 
thus continued with some interruptions for eleven 
years. The chief object in view was to discover the 
remains of the Great Temple of Diana, of which not 
a trace was visible, but in order that some certain 
return might be obtained for the trustees of the 
British Museum—under whose auspices the works 
were carried on—the explorations of the Odeum 
and the Great Theatre were first proceeded with 
and with very satisfactory results. It is fortu- 
nate that this was the case, for had it not been so it 
is scarcely probable that the requisite funds would 
have been forthcoming for the prosecution of the 
search for the Great Temple. As we have already 
remarked, no trace of this temple existed above 
ground, and the historical—or perhaps we ought 
more correctly say legendary—information which 
Mr. Wood had to guide him to its site was of the 
vaguest kind. These facts, coupled with the large 
area of the tract to be explored, and the very 
moderate funds at his disposal, rendered Mr. 
Wood's task one of peculiar difficulty, and it is not 
surprising that we find him here and there in his 
narrative recording his fears of ultimate failure. 

Eventually, however, after labours extending 
over six years, our author made a discovery which 
showed that the site of the temple had at length 
been found, and from that time his task was a more 
straightforward one, although many difficulties had 
yet to be overcome. It would be impossible for us 
in the space at our disposal to follow Mr. Wood’s 
narrative, and trace out his successive discoveries, 
and we have, therefore, contented ourselves by ex- 
plaining the general scope of his labours. For details 
we must refer our readers to the book itself, and we 
can promise that they will find it of great interest. 
We are apt to pride ourselves in these days on the 
magnitude and importance of our structural works, 
and in certain ways to overestimate our progress ; 
to correct this tendency it is well to be oc- 
casionally brought, as it were, face to face with 
what has been done in bygone ages, and this Mr. 
Wood does very thoroughly in the work under 
notice. In conclusion we should state that the book 
is illustrated by numerous admirably executed en- 
gravings and lithographic plates, and that it is got 
up generally in a style which is very creditable to 
its publishers. 





Lectures on the Elements of Applied Mechanics; com- 
rising: I., Stability of Structures; II., Strength of 
aterials. By More@an W. Crorron, F.R.S. Printed 

for the Use of the Royal Military Academy. London: 
C. F. Hodgson and Son, Gough-square. 

Professor Crofton explains in bis preface that the 

work before us consists of a synopsis of a course of 

lectures, and he goes on to say that: ‘ As it is in- 

‘*tended that they should be supplemented by vird 

‘voce instruction and by experimental illustrations, 

‘‘the explanations are given in a rather concise and 

‘* condensed form, more ee left to the reader to 

‘supply than would be suitable to a regular treatise 

‘on the subject.” Although, however, the ae 

tions contained in the work are undoubtedly 

‘concise and condensed,” yet they are very clear, 

and we consider that the book is one which may 

certainly be profitably studied even by those who 
have not the opportunity of attending the author's 
lectures. 

The first part of the book treats of the stability of 
structures ; frames, roofs, trussed beams, chains, and 





cords, and the stability of walls bein 
dealt with, and graphic methods of determining 
strains being lained, In the second the 
author treats of the strength of materials, his 
remarks including notes on the theory of beams, the 
graphical representation of bending moments and 
shearing force, the strength of beams and the cal- 
culation of the strains on different types of girders, 
&c. The merit of the work consists not in any 
special originality of the methods of treatment 
adopted, but in their good arrangement and in the 
clearness and conciseness with which the subjects are 
dealt with. The book is one which we can recom- 
mend to students. 


successively 








PROPOSED BRIDGE OVER THE THAMES 
NEAR THE TOWER. 
To THE EDITOR oF ENGINEERING. 

Sir,—I think it only due to myself to beg your kind 
insertion of a few brief remarks with to the “‘ latest 
pro} ” of Mr. Henry Vignoles for the solution of the 
problems involved in the construction of a bridge over the 
Thames near the Tower. 

The interesting description of Mr. Vignoles’ design con- 
tained in your last issue explains the difficulty which arises 
in designing the south approach, from the fact that if it is 
made in the ordinary way, and with moderate gradient, 
it would extend such a long way from the bridge as entirely 
to miss the important river-side traffic of Tooley-street and 
its busy neighbourhood. 

The method by which Mr. Vignoles proposes to overcome 
this difficulty, by carrying the approach in a spiral twist 
round a big block of new warehouses is, in my humble 
opinion, the right one, and combines many practical advan- 
tages which are not to be attained in any other way, 
particularly in giving the greatest value to the frontage of 
the new approach, and to the storage room of its arches, 
by providing a great length of frontage and arches in the 
close vicinity of the river and of the bridge. 

Your account of Mr. Vignoles’ proposal, however, would 
naturally lead to the inftrence that it is not only the 
**latest,’’ but that it is in this respect novel, whereas the 
fact is that in this and other respects, it v closely 
resembles a plan which I submitted to the S iad Bridge 
Committee more than twelve months ago, and which is still 
under consideration. A brief description of this plan 
among the others (from all of which it widely differed) 
was given inthe Report of the Committee issued in De- 
cember last. 

The differences between the two cesigns lie chiefly, so far 
as I can see, in the particular form and location of the 
spiral or winding approach. In my plan the south approach 
was e to take a whole turn (and a little more) round a 
circular, or nearly circular block of warehouses, while in 
Mr. Vignoles’ plan it takes a turn and a half round a rect- 
angular block of warehouses with semicircular ends ; and in 
the location of this ‘‘ Tower of Babel,’’ whereas I have 
endeavoured to avoid any interference with existing ware- 
house property, Mr. Vignoles proposes apparently to sweep 
away some of the finest warehouses in the roe Bah woe 
Of course it is open to question whether Mr. Vignoles’ 
choice of position would give such advantages to the 
approach as would compensate for the cost of expropriating 
this valuable property, or whether it is to be justified by 
other reasons. 

With regard to the position and form of the bridge, it is 
true that Mr. Vignoles calls it a ‘‘mean-level’’ bridge, 
while I have called ita “‘ high-level’’ bridge, but asa matter 
of fact, the level of the bridge is the same in the two 
designs within a foot or two. As to the spans, my first 
proposal was to construct the bridge with a very wide 
central opening to facilitate the passage of shipping, but 
subsequently (on February 12th) I proposed to the Special 
Bridge Committee to substitute three equal bowstring spans 
of about 300 ft. each (the dimensions of Mr. Vignoles’ 
**latest’’ proposal); but the central span was to be a 
double-leaf swing bridge 300 ft. long, turning upon a central 
tower. 

I think this modification would possess some important 
advantages. The Report of the Committee showed that 
while most of the vessels would s under the headway 
which has been adopted by Mr. Vigneles in common with 
myself, yet there are a few big vessels which could not 
pass under at high water, but would have to wait for half- 
tide, and would thereby lose their chance of berthing for 
that tide; and of course these big vessels are precisely 
those which would generally arrive and leave at the top of 
the tide, and are also those whose convenience is perhaps 
first to be consulted. At all events, the existence of a central 
swing opening would occasionally be a great boon to the 
shipping, while its very infrequent use would not cause any 
considerable interruption to the road traffic. With this 
exception, the form and dimensions of the bridge, as well 
as the unusual arrangement of the south approach, are 
substantially the same in both designs. ae 
In thus venturing frankly to point out the close similarity 
in the leading features of the two plans, it will I trust be 
understood that I do not wish to question the bond fide 
originality of Mr. Vignoles’ design ; nevertheless I it 
right to notice the coincidence, and I am happy to find that 
my first opinion as to the true solution of question is 
now corroborated by the experienced judgment of Mr. 


Vignoles. : 
I am, Sir, yours truly, 
T. CLAXTON FIDLER. 
P.S.—I have omitted to state that in Mr. Vignoles’ plan 
the bridge is to the west of the Tower, while in my plan it 
is on the east side ; in this my choice of is 
confirmed by the Committee’s rt. However, the north 
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approach terminates at the same spot, but the distance from 
this point to Dockhead is about thirty chains longer by Mr. 
Vignoles’ route than by my own. However, my object has 
been chiefly to point out the similarity of the two plans 
rather than to discuss their points of difference, upon which 
perhaps it may not be out of place to add a few remarks at 
some future time.—T. C. F. 
June 18, 1877. 


HIGH-PRESSURE STEAM. 
To THE EprToR OF ENGINEERING. 

Si1r,—Allow me to offer a few remarks suggested by 
your leader on page 443 of your last number. 

Whilst a great deal has been written and talked about 
the advantages of using steam of very high pressure in the 
steam engine, but little has been said of the numerous 
cases of disappointment and loss that have been caused, by. 
its ill-advised adoption. Some steam users, who..have in- 
creased their pressure from 50 1b. to 80 lb., amd applied 
high rates of expansion by ‘‘ McNaughting,” applying 
o poem, ons — of the half-dozen _ modes 
of compounding, or by adopting proper means of governing 
and cutting off sharply and expanding a_ single cylinder 
have had a good return for their outlay, whilst others who 
have been badly advised to jump from the use of 60 Ib. 
to 120 lb. steam pressure, without materially increasing 
their rates of expansion, have found they have made a leap 
in the dark. ith scarcely any saving in fuel the engi- 
neer’s and boiler-maker’s bills have been increased. 

Although it may seem incredible to many I have no 
hesitation in saying that a great number of e eers (?) 
have a hazy notion that the mere adoption of high pres- 
sures, and perhaps smaller cylinders, should be followed by 
a very marked economy, and that their mode of reasoning 
is probably not unlike the following : ‘‘ If I can raise steam 
of 100 lb. as cheaply as I can raise steam of 50 Ib. in the 
same kind of boiler, then with a given on of coal, and 
after allowing for greater loss by radiation, leakage, &c., 
I shall still be able to do far more at the higher pressure, 
especially in a non-condensing engine. To take the simplest 
view of the matter, when using the steam like waterin a 
hydraulic cylinder, ¢.e., without e ion by simply 
doubling the pressure, I can lift a given weight with a 
cylinder and piston of half the area, and consequently save 
half the quantity of steam and ; besides, when I con- 
sider the resistance of the atmosphere I shall obtain a still 
greater efficiency by using the higher pressure. Or, if I 
take one of these much maligned automatic steam pumps 
working without a flywheel, and designed for the steam at 
initial pressure to follow the piston to the end of the stroke, 
I shall be able to lift the water to over twice the height-- 
without considering friction—with the same amount-of 
steam, and, consequently, the same amount of coal, ‘by 
simply doubling the pressure.” 

Of course any schoolboy who has dabbled in engineering 
should be able to point out the fallacy of this argument, 








7 there is good reason to suppose that some such view | 


argely prevails, and in support of this conclusion, allow 
me to make the following quotation: ‘‘ Havi i 
by actual practice that we have control over steam at 501b. 
or 70 lb., I would venture to ask why. we should not double 
or treble that pressure,'on the assumption that the saving 
in fuel will be in proportion, and will follow the same law in 
the ratio of its increase. That it could be done I have no 
reason to doubt... . - I do not think I will live to see it 
adopted as a general rule, but the tendency of the age is to 
go to a much higher pressure; and all that we have to do 
in working steam at 150 lb. or 200 Ib. to the square inch, 
is to have something sufficiently strong to contain it... . 
It must not be understood that if we desire to work steam 
at 150 Ib. or 200 Ib. pressure, we could do it with our pre- 
sent engines ; we must not employ a cylinder of the same 
area as we had in working at 10 lb. ; the dimensions of the 
engine must be reduced in proportion to the pressure, 
and there would be this advantage gained, namely, that 
“we would require a great deal less metal. Everything 
would be proportionately reduced as the pressure was in- 
creased The time indeed is not far distant when 
manufacturers will turn out their goods at a reduction of 
one half, or probably more, upon the present cost.’’ This 
quotation is taken from a newspaper report of an address 
by Sir William Fairbairn to a meeting of the Manchester 
Steam Users’ Association in 1872, and when such an autho- 
rity could give'utterance to such unqualified assertions to 
a body of steam{users and engineers, one of whose objects 
is the “‘ Attainment of Economy in the Use of Steam,”’ is 
it too much to say that the general run of engine and boiler 
makers, factory engineers, and many others who have the 
advising of improvements, are imbued with erroneous 
— similar to those which appear to be here con- 
ve P 
n the supposititious case above given, as well as in Sir 
W. Fairbairn’s statement, the obvious mistake is that 
steam is spoken of as if only its pressure and volume were 
to be considered in estimating its cost, whereas the most 
important element is neglected, viz., its weight ; and when 
it is remembered that the density increases nearly at the 
same rate as the absolute pressure, it is readily understood 
that theoretically it takes nearly twice as many pounds of 
steam and coal to lift a weight on a piston with steam of 
120 Ib., as it does to lift half the weight with 601b. steam, 
and practically there-will be very little, if any, saving in 
fuel in using the higher pressure; in fact, unless the 
quality of the boiler, &c., and the care and attention 
bestowed upon them increase at the same rate as the 
pressure, the probability is that after a short time more 
fuel will be used in such cases as we have just considered. 
_So long as 1 Ib. of coal does not evaporate more water at 
high pressures than it does at low pressures, there can be 
no material gain in using high pressure saturated steam in 
cylinders proportionately smaller. Not until the pressure 
can be doubled by superheating after the steam es left 


the boiler proper, and steam of this kind can be used 
su y, can this in be realised. 

It is only fair to Sir W. Fairbairn to mention that in the 
address above quoted from, he touched upon this matter, 
but the impression left after reading the address is that 
given by the portion quoted above. The boiler he men- 
tioned as being made for the purpose of working steam at 
150 Ib. to 2001b. pressure, is described in the thirteenth 
vous ENGINEERING, and there is nothing about it to 
ae + the steam to any extent. 

nfil the evils attending the use of superheated steam 
have been successfully removed, the only way to effect an 
considerable saving by employing steam of very hi 
pressure, is to employ it with high rates of expansion in the 
Cy, * 
following Tuble shows roughly, but exactly enough 
for practical purposes, the greatest increase of power that 
can be, obtained in condensing engines, theoretically or 

ro by doubling the absolute pressure and main- 
ities same final pressure in the cylinder. 

A pressure in atmo- 

; ~—— wo 12 4 8 16 32 64 

ofexpansion’... ... 2 4 816 32 64 128 
Pe progressive in- , 

crease Of power by doub- 
ine the pressure and 
the same weight of steam ..$ $ 4 } 4 + 

It is here assumed that the volume Varies inversely, and 
the weight di ly, and at the same rate as the pressure, 
which is near enough for practical p' es. Here we see 
that by adopting a boiler pressure of 105 lb. instead of 
45 lb., we can theoretically gain only 25 per cent. more 
power, and this only when we increase the ratio of expan- 
sion from 8 to 16. If there has found any greater 
result in practice, it has not been to the use of the 
es ale fo Biever ty ioccensing thidiedler f 

gain in er by increasing the! pressure from 
105 Ib. to 225 Ib., if at the same time. we raise the ratio of 
e ion from 16 to 32, can only be r cent. 

w we come to reckon up. the interest upon 
capital erga the loss by radiation,increase of friction, 
wear, and lubricants, escape at joints, loss by clearance 
and steam passages, and the practical limit to which we 
a yet ~ saath 5 ee Nalbocstbee a 

es expansion » may er. 
given volume of steam at 1001b. costs about four times as 
much as the same volume at 25 lb., consequently when the 
volume wasted by steam passages and.elearance is as great 
for,one pressure as the otl eens loss from this 
cause is four times as great ¥ higher pressure. 

It is, however; when we come to increasing the pressure 
with any given size of cylinder without increasing the 
power and attempt to save steam, that we meet with the 

difficulty, as shown in the following Table, which 
is correct enough for practice : 

ibsolute pressure in at- 

mospheres 1246 8 16 32 64 
Ratio of expansion re- 

quired ... ays » 2 718 40... 100 230 ? 
Theoretical saving in 

weight of steam by 

doubling the pressure ... } 4 + ¢ 

By doubling the pressure in order to save whilst de- 
veloping the same power in the same-sized cylinder we 


see what impracticable rates of expansion we have to d 
with in the higher —— By raising the steam pressure 
from 45 Ib. to 105 Ib. we have to increase the rate of ex- 
pansion from 18 to 40in order to obtain a theoretical saving 
of only 20 per cent. in fuel, but the real saving obtained by 
the use of high-pressure steam per se will be much less 
than this. 

Taking the case of Mr. Crampton’s engine as cited by 
you, and assuming the weight of steam to vary as the ab- 
solute pressure, we should have to cut off at th instead of 
3th in order not admit more than the same weight of steam 
at double the pressure. As we require 26 lb. mean pressure 
in the cylinder we cannot cut off at less than about 7th of 
the stroke, we can consequently save only about 10 per 
cent. of steam. We have also to consider the loss by the 
double weight of steam in the clearance and passages ; if thi 
quantity is 10 per cent. of the steam used the gain is just 
balanced by the loss. 

When any great economy in fuel has followed the in- 
crease of pressure over, say, 701b., unless there has been a 
great increase in the rate of expansion, the cause of the 
economy must be looked for elsewhere than in the mere 
increase of pressure. 

I admit the results given in the above Tables are ponies 
to qualifications, and if they are radically wrong I s 
only be too glad if you, Sir, or your readers will correct 
them. My impression is that the publishing of some such 
forms will do much to correct the vailing erroneous 
notions as to the advantages to be derived from using ex- 
cessively high pressures. 

Yours truly, 


RoBEeRT WILSON. 
116, Queen Victosia-street, E.C. 





PRESSURE BETWEEN VALVE SURFACES. 
To THE EpiTor OF ENGINEERING. 
Sr1r,—Mr. Major has invited a friendly discussion upon 
a very important subject to engineers, viz., pressure be- 
tween valve surfaces, and with it he has done me the 
honour to couple my name. I have no hesitation in be- 
coming one of your orale on this subject 
the p se of rivalry but of adding my quota, if if can, of 
useful knowledge to engineers. have. read 
this subject before the Society of Engineers in 
1866, before the Institution 
of Scotland in 1867, before the 





Philadelphia in 1869, and also in the same year I read one 


eal | liberated from both 


this | or cold, this valve is mathematically balanced 


not for | were shipped 


preere x 351 tons to 

Enginee a eee San 
rs ers 
Franklin Institute in 


before the Massachusetts Institute of Technology at 
Boston. In 1870 I again read an paper on this sub- 
ject before the Institution of Engineers and Shi 


subject. 
getting ugh the subject in three illustrated 
. ining with a perfect mathematically balanced 
valve, then di with the more abstruse forms of its 
application afterwards, because it will be the better ae 4 
to communicate the idea to those who have not given mu 
time to the study of the subject. 
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Fig. 1 is a slide valve laying in middle position and 
fitting between the cylinder face and the steam-chest 
cover. AA are the admission ports, E the exhaust port, 
CC the outer, and C'C' the inner bars of the cylinder 
face. F is the steam-chest cover, with false ports aae,a 
+ in. deep, and situated directly opposite the true ports, 
V is the valve, and C"' ©" are communication ports 
through the valve communicating with the true and false 
ports, ag Fig. 2 is a plan of the valve, and is a perfect 


gle. 

Let steam now be admitted to the chest and let motion 
of the valve take place in the direction of the arrows, the 
steam will act equally on all the outer surfaces of the 
valve, until the valve opens the true , when it at the 
same time opens the f; port. Let the valve still move 
on to full port, the areas exposed to force over the ports 
are aa. Let it now return until the valve closes the 
port to admission, it also closes the false port. Let ex- 
pansion in the cylinder now take ince, the communication 
port C"' is open to the true and false ports, until the inner 
edge of the valve proclaims the period of exhaust, and the 
true port opens so also does the false one, and the steam is 

simultaneously. The inner pa ad of 
the opposite end of the valve now closes to the exhaust 
and the period of com ion takes place, when the pres- 
sure rises in the cylinder before the advancing piston, but 
the communication port C'' is again open to both true and 
false ports, and the pressure is equal on both sides of the 
valve, and every subsequent stroke is only a repetition o 
this cycle of operations. 

Thus it will be seen that steam cannot touch this valve 
in any one point possessing area without touching it on an 
opposite point possessing the same area, with the same 
pressure and at the same-instant of time. And no matter 
what the variation in the pressures, or in the circumstances 
or conditions of their application, no matter what the 
length of stroke or amount of lap, no matter whether hot 


under all 
conditions of practice. 
I hope some of your correspondents will follow Mr. 
Major’s example and enter the arena, when we may see it 
more difficult ces. 
THos. ADAMS. 


Works of the “ Ant and Bee,’’ Manchester. 





THE UNIVERSITY COLLEGE SOIREE. 
To THE EDITOR oF ENGINEERING. 
S1z,—Will you be h to correct a mistake in ro 
very kind account of the Engineering Workroom 
tion at the University Co: Soirée. A few models were 
indeed made by me, but most of them were made under my 


direction only by students, to whom it is but just to ascribe 
not the execution of the models, but often the primitive 
idea. Hoping you will kindly insert this rectification in 


your next issue, 
I am, Sir, yours very truly, 
P. Rosin, M.8c. 
London, June 19, 1877. 





New Sours Weisu Coat.—The — of coal from 
the Newcastle (N.S.W.) collieries for the month 
March 29, was 98,938 tons. Of thi 
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SELKIRK’S TUBE BEADER. 

We annex an engraving of a handy tool patented by 
Mr. D, L. Selkirk, of London-street, E.C., for performing 
the “beading” of boiler tubes. In this arrangement, 
owing to the use made of the ratchet system, the mani- 

lator is enabled to overcome the difficulty of working 
iver confined spaces, such as combustion chambers of 
marine boilers, &c., while by the peculiar shape of the 
rollers used, the tube end is, as it were, “ folded” over on 
to the tube plate with such a gradually increasing pressure 
(which pressure is exerted over the whole circumference 
of the tube end at the same time) that any chance of 
splitting the tube is obviated. Moreover the tube plate 
is left clean and uninjured from indentations caused by 
hammer panes and caulking tools, which is so serious a 
source of deterioration under the system of hand beading 
at present in use. The construction of the tool will be 
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easily understood by the aid of the drawing. Fig. 2 
shows the instrument in section ; the fixing-piece a is first 
secured firmly in the boiler tube 4 by the action of the 
nut c, which draws the coned mandrel d outwards, thrust- 
ing the serrated wedge pieces e (three in number as 
shown is Fig. 5) outward, against the tube 6. The body- 
piece fis then brought into position, so that the beading 
rollers (three in number, as shown dotted at Fig. 1) bear 
upon the edge of the tube at 5. A considerable pressure 
is then brought to bear upon the beading rollers by the 
action of the nut A, friction rollers i being placed between 
the nut A and the body-piece fin order to avoid all un- 
necessary labour. The body-piece / is then made to re- 
volve upon the fixing piece a by means of a ratchet 
wheel & and pawl /, as shown in Fig. 2 ; the body-piece 
carries with it the beading rollers g, and a very perfect 
bead is thus formed quickly upon the end of the tube as 
shown at d. 








Frence Steam Navieation.—The receipts last year 
of the French General Transatlantic Company amounted to 
1,025,4341. The working expenses of the twelve months 
having been 936,6931., the net profits realised were 88,7411., 
this latter total being increased by temporery investments 
to 98,8721. A dividend has been declared for 1876 at the 
rate of 3 per cent. per » as ed with 2} per 
cent. per annum paid for 1875. 


AMERICAN S1EAM SHIPBUILDING.—The keel for a large 








steamer for the Morgan line has been laid at the Harlan 
and H worth shipyards at Wilmi , Delaware. 
The iron er Saratoga has been launched from the 


Messrs. J. Roach and Son, of West Chester, Penn- 
ero The dimensions of the Saratoga are as follows : 
over all, 292 ft.; breadth of beam amidships 38 ft. 





NAIL-FORGING MACHINE. 


CONSTRUCTED BY MESSRS. TAYLOR AND CHALLEN, 
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WE illustrate, above, a machine constructed by Messrs. 


Taylor and Challen, of Birmingham, for producing from | 
| examining at the works of the Manchester Ice-Making 


strip iron, nails similar to hand-made, at rates varying 
from two to three hundred per minute, and lengths of 
from 6 in. to 1 in., two nails being completed at each 
revolution of the driving shaft of the machine. The 
framing consists chiefly of a main casting, to which are 
fixed an upper frame, carriages for the driving shaft, and 
other details. The principal moving part is a heavy steel 
slide, deriving its motion from a crank pin with adjust- 
able throw; this slide carries two shears, two gripping 
dies, and sundry indispensable appendages, to some of 
which it imparts motions for guiding the nails between 
the stages of cutting off and finishing. 

The successive operations by which each nail is per- 
fected are as follows: a piece of iron about 6 in. long, 
and of a width and thickness somewhat greater than the 
length and thickness respectively of the finished nail, is in- 
serted at a red heat to the feeder of the machine ; a narrow 
strip is immediately cut off the lower side of the heated 
iron, and by the motion of the steel slide is carried to 
and pressed against a fixed dic; while in this position 
another die rises at right angles, and presses the par- 
tially-formed nail against another fixed die. Thus the 
headless nail is firmly held on its four sides, and while in 
this position a lever, moved by a camb, and carrying a 
suitable tool, advances and forms the head, thus com- 
pleting the nail. 
releases the nail, leaving it free to fall, but as its weight 
is not sufficient to insure this happening, a “ knocker off” 
is provided, which at the right moment forcibly ejects 
the nail by way of a guiding shoot into a receptacle 
placed outside the machine. 

It is to be noted that the tools for shearing and gripping, 
and which have to be changed with each different size of 
nail, are made of a special mixture of cast iron. They 
are thus easy of preparation and renewal, while at the 
same time answering their intended purpose as well as 
or better than the finest cast steel at less than half the 
cost. 

The whole of the machine is carried upon an open-top 
cast-iron water tank, serving as a receptacle for the tongs 


and tools heated in withdrawing the iron from the furnace. | engines. 
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ICE-MAKING IN MANCHESTER. 


In the spring of last year we had an opportunity of 


Company (Limited), at Manchester, a very large ice-making 
plant, which had been constructed on Messrs. Siddeley and 
Mackay’s patent, and supplied to the company by Messrs. 
Siddeley and Co., of Liverpool, and which, apart from its 
size, includes several features of special interest. 

The “ working fluid,” as it may be called, in Messrs. 
Siddeley and Co.'s ice-making machines is sulpburic ether, 
this ether being vaporised in a‘partial vacuum and absorbing 
heat from brine during its vaporisation, the vapour thus 
produced being subsequently compressed and delivered into 
a condenser, where it is liquified to be again subsequently 
vaporised, and so on through a continuous cycle of opera- 
tions. 

The general arrangement of the plant at the Manchester 
Ice Company’s Works is shown by the plan which we annex. 





| The power which is used to produce the circulation of the 


ether and the brine through the apparatus is derived from 


a Galloway boiler 6 ft. 6 in. diameter by 22 ft. long. 


| The steam is supplied at 551b. pressure to a pair of hori- 
| zontal compound engines, having respectively a high-pressure 


The return motion of the steel slide | 


| cylinder at half stroke. 


cylinder 18 in. diameter, and a low-pressure cylinder 28 in. 
diameter, the stroke in both cases being 3 ft. 3in. The 
engine air pump is driven off the crankshaft by means 
of a small vibrating beam at the end of the high-pressure 
engine bed, and is vertical. The c ndenser is vertical also, 
and is of large size. Steam is cut off in the high-pressure 
All the connexions of steam and 
exhaust, &c., are such that in the event of any emergency, 
either one or the other engine can be worked alone, or either 
one by high pressure only, or either as a condensing engine. 
Every part of the pumping power arrangement is thus so du- 
plicated, that in the event of any partial breakdown, the work 
may be continued by the other portion of the engine without 
| a moment’s stoppage. The ether vacuum pumps are hori- 
zontal, and worked direct from the piston rods of the steam 
| gylinders; they are 34 in. diameter by 3ft. 3 in. stroke. 
| Two water circulating pumps are provided for the pumping 
of the brine and the fresh water through the various portions 
| of the establishment, and are driven by the same pair of 
In the engraving we give on the next page 


Several of these machines made by Messrs. Taylor and | shewing the plan of these engines the arrangement of 


Challen are now successfully at work. 


| the parts above mentioned will be easily understood 
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by reference to the letters thereupon. A is the high-pres- 
sure cylinder, B the low-pressure cylinder, C C the two 
ether vacuum pumps, D D the water circulating pumps, 
E the feed pump for boiler, F the engine air pump, G the 
engine condenser, / h the governors, and / and k pipes con- 
necting the vacuum pumps with the ether condensers. 

In dealing with the cycle of operations of which we have 
sketched the outline above, we will commence with the 
liquid ether as it is in contact with tte brine cooling sur- 
faces from which it has to absorb heat. The brine cooling 
apparatus is a vessel like an ordinary surface condenser 
traversed by tubes, which are charged with strong brine. 
The ether which is in contact with the exterior of the tubes is 
here vaporised under a vacuum of about 23} in. of mercury, 
and at a temperature of 21 deg., the vapour being drawn 





off by the ether pump which then compresses and delivers 


Scale of. Feet. 


if visible, would be a clear proof of heat being absorbed from 
the surrounding atmosphere to the detriment of the end in 
view. 

The ether vapour discharged from the pump at 
3 lb. pressure and 110 deg. temperature, passes through 
asurface condenser formed of small horizontal copper tubes 
fixed into metal tubé plate chambers at each end, round 
about which tubes is a constant stream of water, flowing 
in at the bottom, and out at the top of the chamber. 
This water enters at the natural temperature of the 
supply, 62 deg., and passes off warmed to 74 deg. by heat 
absorbed from the ether vapour within the tubes. The 
warmed water is pumped up to a tank elevated to the 
highest part of the building, from whence it is allowed to 
descend in contact with the surrounding atmosphere, by 
which means it becomes cooled ready for re-use. 




















































































































a lever and balanceweight, and a ball float. The adjustments 
of this governor are such, that as the vessel becomes filled 
with the returning supply of ether, the valve becomes de- 
pressed by the weight of the supply, and some. portion of 
the fluid is permitted to pass away to the refrigerator, but 
only so much as allows the valve again to close, and main- 
tain the relative differences of pressure unimpaired. A glass 
gauge fixed on to the side of this vessel shows the height at 
which the ether is constantly and automatically kept by 
this governor, and the proof of its efficacy is apparent to an 
observer, for the regular rise and fall can be clearly seen. 
We must now follow the course of the brine, cooled to a 
temperature of 21 deg., which has been prepared as we 
have described, and which having been thus cooled, is 
ready for the purpose for which it has been formed, viz., 
the production of pure and clear ice for commerce. The 
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to the ether condenser at a pressure of absut 3 Ib. per 
square inch and temperature of 110 deg. Tlie ether vapour, 
however, does not pass direct from the brine refrigerator 
into the ether pump, but is on its way to the latter first 
caused to pass through a tubular vessel in which is contained 
the liquefied ether on its return journey for re-use. The 
vaporised ether here absorbs some of the heat con- 
tained in this returning liquid ether, and becomes some- 
what warmer in consequence, and passing onward it 
finally flows into the ¥acuum pump, not at 21 deg. as it 
left the brine, but warmed to 45 deg. ‘The compression it 
receives by the vacuum pisten as it is driven out of the 
pump raises the temperature to 110 deg. as already men- 
tioned, The arrangements here mentioned form special 
features in Messrs. Siddeley and Mackay’s patent, and it 
is noticeable that there is no appearance of external con- 





densation or hoar frost upon the pipes and pumps, which 


We have thus traced the ether in its course from its first 
start through the various processes of its evaporation and 
condensation, showing that the great reduction in its tempe- 
rature is made use of first to cool brine toa very low 
temperature, then to cool the returning liquefied ether in 
preparation for its next evaporation, and in this process 
lies one part of the economy which results in commercial 
success. 

Returning for a while to the ether, which is sent back to 
the first vessel or brine refrigerator, it must be explained 
that another important apparatus intervenes between the in- 
flowing supply of liquid ether, which is at a pressure of 3 Ib. 
per square inch, and the refrigerator from which it is to pass 
under the vacuum of 23 in. to the pump. This is the 
governor, which is another of the patented portions of 
Messrs. Siddeley and Mackay’s machinery, consisting of 
a small vessel containing an inverted valve attached to 





‘. 





water to be frozen passes into a series of tanks formed of 
wrought and cast iron water spaces or walls, about 3 in. 
thick and about 4 ft. deep, placed vertically, and connected 
at the ends and in the centre of their length in such a 
manner as to form a number of cells about 8 ft. 6 in. long, 
4 ft. deep, and 12 in. wide, the bottom being somewhat 
narrower than the top to facilitate the removal of the slab 
of ice when frozen. There are three rows of these tanks, 
each row being subdivided into six main divisions contain- 
ing twenty-four cells. When it is desired that the process 
of freezing shall begin, the cold brine is caused to pass first 
of all through the walls of a tank containing cells of cold 
water. These cells of water in due course become frozen 
throughout by the continual flow of cold brine at an initial 
temperature of 21 deg. through the 3 in. water space walls. 
In regular and constant work, however, the arrangement 
differs somewhat, for it is desirable that the currents of 
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cooling fiuid and of water to be cooled shall circulate in 
opposite directions. Therefore in practice the brine of 21 deg. 
temperature is passed through a tank of ice that is approach- 
ing its completion in the process of freezing, and then 
having been warmed by this duty to say, 24 deg., it is 
passed on totank No. 2, whence it on to tank No. 3 
at, say, 28 deg., and finally out from No. 4 at 82 deg. 
The water supplied to No. 4 thus is the first to become 
con in regular course, and forms the outer shell of 
the future block. After a period of, say, 12 hours, the flow 
of brine is changed, and that of a cooler temperature, viz., 
24 deg. (to be raised to 28 deg. by its duty), is made to 
flow round this tank in place of that which had been cir- 
culating, and again in another 12 hours the next change is 
made, and brine of about 22 deg. (about to be raised to 
24 deg.) is made to flow round the same tank, and a 
final flow of fresh brine from the refrigerator at the 
greatest degree of cold, finishes off the block and leaves 
it at that temperature or thereabouts. Thus no very 
sudden changes of temperature are brought to bear upon 
any portion of the structure, and economy of result as well 
as duration of parts are insured. 

The ice thus made is much colder than any imported ice 
can be, and has its advantages in that respect. It is also 
in a convenient form for transport, and if made as at Man- 
chester, in the midst of a vast city, it is ready for use at 
once and saves the cost of expensive ice-wells, as its manu- 
facture is a steady and regular process, continued, if need 
be, from one end of the week to the other in an unbroken 
course. 

The next feature of economy is also a very important one. 
The tank of ice blocks when frozen has to be cleared. 
The blocks are fast to the cells, and are surrounded 
with brine at 21 deg. It is necessary to warm the cells, 
but it would be expensive to warm the surrounding 
cold brine also. Therefore there are two tanks pro- 
vided, one for the reception of the cold brine, and another 
for the purpose of containing and supplying warm brine. 

A special donkey pump is placed in communication with 
the tank to be cleared, and it begins to pump warm brine 
into the tank containing the frozen blocks, and the delivery 
pipe is opened to the receiving tank for cold brine. It is 
found that the donkey pump will thus force warm brine 
into the tank of slabs or cells for about an hour, and the out- 
flow of water will be still very cold. Having a thermometer 
placed in the outflow, the attendant is enabled to notice 
directly the temperature rises to the required point, and he 
then shuts off the communication to that tank which it is 
evident has only received cold brine, and lets the rest of the 
overflow pass back into the hot brine tank. This continues 
till the men in charge of the slabs find them to be sufficiently 
melted to be free from the cells to permit them to 
be lifted out. Then the donkey pump arrangements are 
reversed, and the cold brine is again pumped into the tanks 
containing the water cells, and communication with the 
circulating pumps is once more re-established, and freezing 
recommences. By this plan at least two tons of freezing brine 
are saved at each time of discharging slabs of ice from the 
cells. It will thus be seen that great care has been 
bestowed on the arrangement of the establishment we are de- 
scribing. 

There is yet another important feature to be noticed, and 
it is that which relates to the production of clear ice, It is 
known that free air exists in water, and it is necessary that 
as the ice crystallises this should have an easy way of es- 
cape. An arrangement is, therefore, made by which zinc 
bars or stirrers are caused to dip into and agitate the 
water during the time it is being frozen. As the slabs 
freeze from the outer surfaces, there is a central portion of 
the cell which remains liquid till nearly the completion of 
the process. Into this central part the agitator continues 
to move, till by the actual obstruction caused by the 
crystallisation of the last portion, the agitating arm (which 
has only a falling motion due to itsown weight, though it 
is mechanically raised out of the water), rests upon the top 
of the block, and the congealing of the mass then goes on 
without further mechanical help toward the removal of the 
air. The block of ice if frozen slowly enough is perfectly 
clear, but the more quickly the process is performed the less 
transparent is the ice. 

Absence of air globules tends of course to the solidity of 
the ice and to its general toughness and power of resisting 
the melting effect of atmospheric influence. Hence the 
necessity of a large establishment where, as in this case, 
about 200 tons of water may be under operation at one 
time, and sufficient time be given to each and every block 
to freeze slowly, while the supply may be sufficient and so 
constant as to meet the requirements of the market. 

From recent inquiries made at these works we learn 
that the working of the whole machinery has been most 
satisfactory during the interval of fifteen months since we 
firstsaw them at work, The consumption of fuel keeps at 
about the same rate as at the time of trial, viz., about 
20 cut. of coal for the production of 8 tons of ice. The 
daily (24 hours) produce is from 22 to 23 tons. The 

duplicated arrangement of pipes bas worked very satis- 
factorily, The work has been nearly continuous through- 
out the past year, only having Leen reduced to four days 
per weck during some periods of slack demand. 

In warm weather, when the ice is of course most needed, 
the establishment works the full six days without stoppage, 
and its results are then still more perfect and complete, and 


as given above. The cost of the water as used in these 
works is relatively greater than coal, and it therefore pays 
the company to use rather more coal and increase the power 
developed by the engines therefrom, in order to improve the 
vacuum of the ether pumps and produce a greater degree 
of cold thereby than they would if the circumstances were 
reversed, as might be the case elsewhere. 

We should here say that the whole of the water used 


water meter, and has to be paid for. The result of the 
last financial‘year of the company has, we learn, been satis- 
factory for a first year, but it is expected to be much more 
so this year, as the works are now fairly settled down into a 
regular system, and more storage room has been provided. 

We are indebted to the courtesy of the Manchester Ice- 
Making Company (Limited) for the permission to inspect 
their works, and to Mr. Mackay, of the firm of Siddeley 
and Co., the makers of the whole plant, for many details of 
the operation. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a quiet market 
last Thursday, and prices varied in only a slight degree 
from 53s. 8d. cash. The warrant market was firmer on 
the following day, and prices were at least 1d. per ton 
better. Business was done in the forenoon at 53s. 9d. four- 
teen days, closing—sellers, 53s. 10}d. cash and 54s. one 
month, and buyers 53s. 9d. cash. The only transaction re- 
ported in the afternoon was one done at 53s. 10d. one 
month, and the market closed—buyers, 53s. 9d. cash, 
sellers, 53s. 10}d. one month. com with those of 
the previous Friday, the prices sho a decline of 3}d. 

r ton at the close. The market was very on Mon- 
= forenoon, when business was done in warrants at 
53s. 1ld. to 54s. cash, closing rather easier with sellers 
at the lower quotation, buyers offering 53s. 10}d. There 
was a steady market in the afternoon—buyers, 53s. 10}d. 
cash, sellers 54s. The warrant market was again firm 

esterday forenoon, and prices improved 14d. per ton; 
but that was ultimately lost. Business was done in the 
forenoon at 54s. cash and 54s. 1jd. one month, and closed 
buyers at those prices, and sellers very near. In the after- 
noon 53s. 11d. cash and 54s. one month were accepted, and 
the market closed nominally at those pricés. Firmness 
was again the rule this forenoon, with business, done 
at 53s. 10d. to 54s. cash, and at 54s. to 54s. 1d. 
one month open, closing with buyers at the higher 
quotations, sellers asking a shade more. The afternoon 
market was strong, and business was doneat 54s. 14d. cash, 
sellers over at the close, buyers 54s. A few days ago it 
seemed as if speculation for a rise had for a time entirely 
left the market, but at the same time holders of iron were 
firmly convinced that on the least improvement in trade 
showing itself, a very smart rise in price would be estab- 
lished. It would almost a; r as if the improvement had 
begun. Thereisa ate ief that the price of iron has 
of late been below the cost of production, and that the 
commodity is a sound investment at current a. Ship- 
ping iron continues to be extremely dull; few sales are 
e, and the transactions which are taking place from 
day to day are “pry | to supply immediate uiraments. 
Makers are firm at their quotations, rather p ing not 
to sell at all than to reduce their prices; but though the 
official prices remain unaltered, second-hand lots can be had 
below those prices. Two blast furnaces have been blown 
out for repairs at Lugar Iron Works, thus reducing the 
number in blast to 109 as against 116 at the same time last 
year. The stock of pig iron with Messrs. Connal and Co. 
up to last Friday evening was 139,867 tons, the increase 
for the week being 1188 tons. Last week’s shipments 
amounted to 10,738 tons, as against 7626 tons in the corre- 
sponding week of last year. 


The Lock-Out on the Clyde.—Much to the regret of all 
well-wishers of the Clyde shipbuilding industry the lock-out 
still continues, neither party in the dispute appearing to 
show any disposition to get the dead lock terminated. 
There is some room to believe that it might be terminated if 
either of them would = tothe other that the advance 
of 1d. per hour ori ly asked by the ship carpenters 
were reduced to $d. ; but as yet no direct negotiation has 
been ang | = the Ee = ——— dey their 
carpenters. The diso: isation res is ve 
considerable. In one’ instemien a batch of Dutch an 
wrights have been brought to one of the Clyde shipya 
where there is a vessel in hand belonging to a Dutch firm ; 
and in another instance, where there are a number of 
dredging vessels in hand for the Dutch East Indies, it is 
propo to launch the vessels and then take them to 

olland to be fitted out. Within the last few days the 
Greenock Foundry Company, the Shaws Water Foundry 
Company (Messrs. Robert Steele and Co.), Messrs. Rankin 
and Blackmore, and Messrs. Kincaid, Donald, and Co., all 
of Greenock, have been compelled to discharge large 
numbers of their engineers and moulders on account of the 
backward state of the vessels for which the engines are 
intended that are in hand. It is probable that about 
400 workmen have thus been put out of employment. A 
number of rivetters have left Greenock for w, where 
they are finding employment, and where I understand there 
are some 17 or 18 vessels in hand. 


Large Sugar Pan.—One of the largest su; 
hitherto constructed, has just been finished for the Glebe 
Guest Refining Company, Greenock. It is 25 ft. 11 in. 
high, and 13 ft. in diameter, and the total weight of copper, 
including 11 coils of worms, is about 10 tons. The pan is 
capable of boiling 35 tons of at one time ; and three 
lings can be drawn every 12 hours. The credit of con- 








the brine is more often kept down to 15 deg. than 21 deg. 





structing this gigantic — of copper work is due to 


Messrs. John and coppersmiths, Greenock, a 


for condensation and all other purposes passes through the | % 


town which is specially famous for its many gigantic 
vacuum pans. 

Mechanical Power on Tramways.—At a private meeting of 
the Lord Provost’s Committee of Edinburgh Town Council, 
held yesterday, the proposed amendment to Sir C. Adder- 
ley’s Bill with reference to the use of mechanical power on 
tramways was under consideration. The committee came 
unanimously to the conclusion that it was desirable to 
ype the Bill out and out, inasmuch as the amendment 

not materially alter the circumstances. It was pointed 
out, for example, that in the case of the Portobello section, 
— weep we of the Psp pe — the city 
undary, the as amen would practically give the 
decision of the question whether or not steam Jaould be 
introduced to the burgh authorities of Portobello. The 
Leith section was shown to be in a similar position. The 
Lord Provost was deputed to proceed to London in order 
to use influence with members of Parliament to prevent 
the Act from applying to Edinburgh, and the town-clerk 
was instructed to write to Mr. M‘Laren, M.P., to the same 
effect. It is very evident that Edinburgh will not take 
the initiative in securing permission for mechanical power 
to be used on tramways, and yet the Lord Provost, who 
seems to be the leader of the opposition in respect of pro- 
gress in tramway locomotion, attained a considerable 
reputation many years age as a railwayengineer. He ap- 
pears to have given up all notion of progress in engineering. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
fair average attendance on ’Change at Middlesbrough, but 
the amount of business transacted was very small. 
The prices were again based on No. 3 Cleveland pig selling 
at 41s. 6d. per ton, although there were keen buyers who 
declared that they could purchase this quality at 3d. per 
ton below the figure quoted. Makers, however, who can 
afford to put their iron into stock are not anxious to sell, 
believing, as they do,’ that prices must soon improve. 
They are encouraged in that view not only by the fact that 
stocks are not increasing so fast owing to the active ship- 
ments, but by the knowledge that pig iron is now being 
sold at the lowest possible price at which it can be made 
without raw materials are further reduced in price. This 
latter supposition is not at all likely to be realised, because 
the wages of the ironstone miners and pitmen have just 
been reduced and certainly will not be interfered with at 
resent. Let happen what may, better prices must soon 
the result. If trade gets worse—it is difficult to imagine 
the trade much worse that it is now—some of the pig 
makers will be unable to carry on their business, and will 
be compelled to blow out their blast furnaces. The totai 
production will therefore be reduced, and the makers who 
continue t works in operation will be those who can 
afford to stock their iron if n . They will not offer 
the iron at a price which would leave them no profit, but 
will only sell when they get something more than 41s. 6d. 
per ton for No. 3. They will be certain to be in that posi- 
tion, because the masters, whose capital is exhausted, or 
those acting prudently having put out their furnaces, will 
have helped to equalise matters by reducing the pro- 
duction below the actual demand. There is very little 
ee going y just now. —_ to a large 
e » is chec’ owing to the proposed wee! ents 

to iron makers by iron meschente. oe 


The Finished Iron Trade.—There is nothing new in the 
finished iron trade. Although one or two good rail orders 
have recently been secured by Cleveland manufacturers, 
there is still general depression. A very large number of 
rail orders will be required to put in full operation the 
whole of the mills and forges of the North of England. 
Founders are fairly well employed. 


Proposed Reduction of Ironworkers’ Wages.—The pro- 
prietors of the North of England mills and forges have 
given notice of a reduction of 10 per cent. in the wages of 
their men, excepting puddlers, who are to be redu six- 
pence per ton, making their wages 7s. 9d. per ton. 

The Coal and Coke Trades.—In the Durham coal trade 
there is not so much activity since the settlement of the 
pitmen’s dispute in Northumberland. 


_ Engineering and Shipbuilding.—In these branches of 
industry there is a fair amount of work being done on the 
Tyne, Wear, and Tees. 
STEEL IN FRANcE.—The production of steel in France 
last year amounted to 261,000 tons. The corresponding pro- 
duction in 1875 was 257,000 tons. 


TrapvEe Marxs.—A fortnightly journal specially devoted 
to all matters connected with British, colonial, and foreign 
trade marks, and for the promotion of a complete system 
of international} registration, is announced to appear on 
July 2nd, with the title ‘“‘ Trade Marks.” 


_ Krne’s Cottecs ENGINEERING SocteTy.—At a meet- 
ing of the above society, held on Friday, June 15, Mr. 
James A. Samuel read a paper on the manufacture of 
sugar. The author commenced by describing the process 
by which the juice was poe | from the cane, and the 
means used for crystallising the sugar; he then went on 
to show the enormous loss (nearly 50 per cent.) caused by 
the rough means adopted; having described Alliott’s con- 
creter, he showed the advantages gained by using it in 
preference to the ordinary and more primitive method, and 

uded by describing several forms of improved appa- 
Geieness. tal Oranges tosk part. Mr. Gamesl having 
replied to the questions asked, the society adjourned. The 























paper was illustrated by diagrams and specimens 
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THE “ INFLEXIBLE.” 

Since the inquiries which resulted from the un- 
fortunate loss of the Captain no question relating to 
our ironclad navy has arisen of such vast importance 
to this country as that discussed in the Zimes and 
in the House of Commons during the last few days 
in reference to the alleged unsafety of Her Majesty’s 
ship Inflexible against capsizing in action, And 
never within our knowledge has so grave a charge 
of blundering been brought bya respectable authority 
against the Constructors’ Department of the Ad- 
miralty. It will be remembered that the Inflexible 
is supposed to be the most powerful ship yet 
designed for our Navy, and that she is a vessel built 
on the central citadel principle, the middle part of 
the ship being completely enclosed with armour of 
enormous thickness extending from a depth of 6 ft. 
below the water to about 10 ft. above the water, 
and for a length of 110 ft. This armoured citadel 
protects the guns, machinery, and ines. Before 
and abaftthisarmoured citadel there isno sidearmour, 
but there is a 3 in, armour deck about 7 ft. below the 
water line. The vessel is, in fact, as we have said, 
constructed on the principle of a central citadel 
having unarmoured ends appropriated chiefly for coal, 
such as have often been discussed in these columns. 
The citadel is plated with 24-in. armour, and the 
vessel is to carry four 8l-ton guns. In point of 
thickness of armour and power of guns the Inflexible 
was far in advance of any previous ships built for 
our Navy. She is now approaching completion, 
Since she was commenced about four years ago, two 
other vessels on the same principle, the Ajax and 
Agamemnon, havealso been commenced, These three 
ships together will cost the country about a million 
and a half sterling, and it is proposed this year to 
lay down a fourth ship of the same class. 

On Monday last the Times made what to many 
must have been the startling announcement that in 
spite of the Inflexible’s 24 in. of armour, she will be 
capable of being sunk by shell fire from an enemy 
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without her enormously thick armour being pene- 
trated or even touched, and it was stated that this 


serious peril to the ship arises from the fact that 
the armoured citadel referred to does not provide 
the vessel with sufficient stability to enable her to 
stand upright, when her unarmoured ends are com- 

letely perforated, and rendered useless by shell 


re, 

It was said, in fact, that the same blunder had 
been made in her as in the Italian ships Duilio and 
Dandolo, about which there was an animated dis- 
cussion raised by Mr, BP. J. Reed some time ago. 

It has always been understood that the Inflexible 
was perfectly safe against danger of this kind, and 
although doubts have been whispered on the subject 
of late, a public announcement that this danger 
was not provided against in the English vessel 
necessarily created considerable surprise and con- 
sternation in the county. 

What occurred in the House of Commons the same 
evening as the said article appeared, when Mr, E, 
J. Reed added his authority to that of the Zimes, 
and asserted that the Inflexible would capsize if her 
unarmoured ends were destroyed in a naval engage- 
ment, will be in the recollection of most of our 
readers, The matter is, however, of such immense 
moment that a brief recapitulation may not be out 
of place. Mr. Goschen, who was First Lord of the 
Admiralty at the time the Inflexible was ordered, 
read extracts from reports made to him by the Con- 
structors’ Department, which stated in the most ex- 
pies manner that the vessel was given such a great 

eam as 75 ft.—rendering her in fact incapable of 
entering most of the dry docks in the country— 
for the express purpose of insuring a sufficient 
amount. of stability in the armoured citadel itself 
to render the vessel safe supposing the unarmoured 
ends destroyed. One of those extracts indeed was 
to the effect that the constructors would not them- 
selves have been satisfied to recommend such a 
vessel to the Board if they had not been sure that 
the armoured citadel would insure the safety of the 
ship under the worst possible circumstances that 
might happen to the unarmoured ends, Mr. Ward 
Hunt, the present First Lord, admitted that one of 
the essential features of the design was that the 
armoured citadel should afford sufficient buoyancy 
and stability without trusting at all to the un- 
armoured ends, He, however, stated most em- 
phatically, on the authority of his scientific advisers, 
that the vessel was not in the condition alleged; 
that she would have stability when her ends were 
destroyed, that the matter been fully inquired 
into recently by the Board of Admiralty, and that 
they had unanimously decided to stand by the ship, 
and to accept all responsibility for her. Mr. Reed 
challenged the information on which the First Lord 
based his assertions, and said it was inconsistent 
with what he himself knew to be in the possession 
of the Constructors’ Department, and after Mr, 
Reed’s remarks it at once became evident that the 
matter was so serious that it could not be settled 
by a debate in the House of Commons. 

It was equally evident that nothing but a full 
and searching inquiry would satisfy the House and 
the public on so serious a matter. The main diffi- 
culty, however, appeared to be to decide how such 
a complete and thorough inquiry could be made, and 
that still remains the first difficalty to be solved. 

A Royal Commission, a Special Committee, and a 
Committee of the House of Gemmans were all men- 
tioned during the debate, but difficulties were seen 
to arise from either course. 

Obviously if Mr. Reed’s allegations are true, the 
Board of Admiralty have proved themselves utterly 
incapable of investigating the matter, because after 
making the attempt to do so they have pronounced 
themselves satisfied, and this after full notice. 

Mr. Reed said, ‘‘ On visiting the Inflexible from 
time to time he found that the unarmoured ends 
were so very large in proportion to the citadel as to 
raise in his mind a doubt as to this important con- 
dition being fulfilled. Observing this, and also the 
introduction of cork chambers, he designed an 
Inflexible in his own office, and had the whole of the 
calculations made, the result showing that when 
these cork chambers were destroyed the vessel would 
have no stability whatever, but would be in a con- 
dition to capsize.” More than this, Mr. Reed said 
that after he had made the discovery he communi- 
cated his results to the authorities at the Admiralty, 
and hesitated to make any public use of his infor- 
mation before the Admiralty had been allowed 
ample time to look into the matter for ves, 
This being so, it may be asked is it possible the case 





can be so bad as Mr. Reed alleges? Can the ques- 
tion at issue be so completely surrounded by subtile- 
ties and technical refinements asto account for the 
peerty that prevails? The letters of Mr, Reed 
and Mr. Barnaby, which have ba geass the Times 
since the debate in question, perhaps open the 
eyes of Mr. Ward Hunt and a good many other 
people on this point. 

‘o give an example of the keen vigilance dis- 
played as to the use of words and the fine shades of 
meaning on which the discussion hangs, we may 
cite the following instance : od ex wore 

The Times says, ‘‘The plain answer to the in- 
quiries to which we have referred ting the 
stability of the Inflexible, independently of the un- 
armoured ends, is that she has none.” On this 
Mr. Barnaby remarks; ‘‘My answer is that, ac- 
cording to our estimates, the ship, when fully 
armed, stored for fighting, and manned, will have, 
independently of the unarmoured ends—i.e, sup- 

ing them not to exist—a range of stability of 48 

egrees.” And to this reply Mr, Reed objects that 
the introduction of the words ‘‘ supposing them not 
to exist” makes all the difference, pe converts 
what appears to be a direct contradiction to the 
Times into no reply at all; for, he says, ‘‘ the un- 
armoured ends do exist and must exist in the ship; 
and even when subjected to such injury in action 
that the sea will have free entrance to them, they 
will still exist, and will exist in the form of top- 
weight, and thus add very materially to those 
weights which tend to capsize the ship.” Where, 
we may ask, would Mr. Ward Hunt and his col- 
leagues the sea lords be in conducting an investigation 
that turns on fine points like these? We do not of 
course know what Mr, Barnaby’s reply to this will 
be, but it is possible for him to contend that even 
if the unarmoured ends still exist as topweight the 
may be expected to retain at least some of the cor: 
inside, which would contribute towards the right- 
ing power. Such a reply, however, although it 
would prolong the discussion and illustrate further 
the intricacies in which the problem is involved, 
would not affect the issue or prove that the ar- 
moured citadel of the Inflexible affords ample 
bility for the ship under the most unfavourab 
circumstances, Assuming that both Mr. Reed’s cal- 
culations and the Admiralty calculation are correct, 
as is not at all improbable, it would sapeer that if the 
ends are destroyed but not cut clean away the 
vessel would go down, but if they are. quite re- 
moved she has to take her chance—by no means 
necessarily a good one—of keepin, oat with a 
range of stability of 48 degrees. this is a correct 
statement of the case the position of affairs is most 
serious. 

This however suggests another consideration, 
and it should perhaps be asked what is meant by 
the words ‘‘ the ship when fully armed, stored for 
fighting, and manned,” &c,, adopted by Mr. Bar- 
naby. Do they mean that of the stores and 
ammunition have been consumed from below and 
the ship taken in her worst condition; or do they 
mean that the full stores, &c., are in, and that some 
special expedients in addition have been resorted to 
such as ing the double bottom with water, in 
order to make matters appear at their very best ? 

All these points are of essential importance in 
clearing up a matter of this kind, and at present we 
must confess it is impossible for any one, even for 
professional men accustomed to dealing with such 
subjects, to judge between Mr, Barnaby and Mr. 
Reed as to the questions of fact at issue between 
them. A writer in the Standard of yesterday, 
obviously acquainted with the official data, and 
writing in defence of the vessel, conveys to our 
mind more direct confirmation of Mr. Reed’s asser- 
tion than we could have expected from such a source. 
He practically admits that if the unarmoured ends 
of the vessel above the armour deck are torn and 
rent, and the cork inside is blown out or floats away, 
as might well happen in a severe action against 
modern shells with enormous bursting power pre- 

ared specially for such work, the vessel would 
have to cease firing, and ‘her commander would 
have enough to do to keep his vessel safely afloat !” 

We have far too high a peepesh for Mr. Barnaby 
to believe for one moment that he would wilfully 
mislead or degignedly fog either the public or the 
First Lord of the Admiralty, and we have every 
hope and confidence,that whatever the facts may turn 
out to be, he will have the co to face them 
frankly and unreservedly. It would be the height 
of imprudence to allow the present state of un- 
certainty to continue, as the alarm created by this un- 
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fortunate episode is likely to spread and be magnified 
and to cause apprehensions to be felt by, naval men 
as to the safety of many others of our ironclad fleet. 
We have little faith in commissions or committees of 
inquiry into matters of this kind, and should regret 
to see any 8 in that direction taken, so long as 
the truth can be {fully established by other means. 
And we think there is another course open which 
would be far less objectionable. Mr. Barnaby has 
on occasions far less momentous published curves of 
stability and other iculars of several of our 
ironclad ships. Nothing at the present time would 
be more welcome to the public than a diagram from 
him showing the curves of stability of the Inflexible 
under the several critical conditions referred to, 
accompanied by a statement of particulars enabling 
any one acquainted with such matters to know 
exactly the circumstances under which they apply to 
the ship. The only objection to this course that we 
know of is that it would be placing within the reach 
of foreigners particulars it may be thought desirable 
to keep from them. This objection however applies 
to any course that can be taken under present 
circumstances, because it is idle to suppose the full 
facts of the case can now be kept from the public. 
If the armoured citadels of the Inflexible, Ajax, 
and Agamemnon are not long enough to secure the 
vessels sufficient stability when the unarmoured 
ends are destroyed in the worst manner possible, 
the sooner the fact is recognised and the citadels 
lengthened, the better for all concerned, and 
especially for the constructors of the Navy and 
the men who will have to fight the ships. We 
entirely agree with Mr. Reed’s strictures upon the 
theory that because a ship has 40 deg. or even 
50 deg. range of stability she cannot capsize at sea. 
The full and complete conditions of the stability 
must be known before even an er idea of 
the safety can be formed. And if the margin of safety 
is so small as even the writer in the Standard seems 
to admit, it is quite possible for the worst fears to 
be fully realised when the position of the centre of 
gravity comes to be ascertained more accurately by 
experiment, But apart from the question of this 
particular ship, it is infinitely better to give up the 
armour protection of the guns and gunners than to 
sacrifice the safety of the ships themselves. British 
sailors would prefer to take their chance at the un- 
rotected guns, feeling the ship was safe under their 
eet, than to fight behind the most impenetrable 
t with the fear of going down in the ship with 
all hands, untouched by an enemy’s shot, continually 
haunting them, If the guns only are disabled the 
ship has still her ram and her torpedoes to fall back 
upon, and perhaps a chance left of a desperate attempt 
at boarding the enemy ; but if her stability is gone, 
or if it is so seriously diminished as to prevent her 
fighting her guns and manceuvring freely so as to use 
her ram or avoid the enemy's, what chance has she? 
For these reasons, among others, we feel bound to con- 
demn most strongly and emphatically the doctrines 
= forward by Mr. Barnaby in the 7imes of Tuesday 
ast, much as we sympathise with the untoward cir- 
cumstances under which his letter was written. 
There are other points in Mr. Barnaby’s letter to 
the Zimes to which we feel bound to take exception. 
The Italian designers may be able men, as he says 
they are, and they may be bold. They are, how- 
ever, to say the least, comparatively young in ex- 
rience of ironclads, and their boldness may yet 
es to be tempered by discretion. It is not re- 
assuring, therefore, to find our own constructors, 
whose experience ought to be far greater than that 
of the Italians, becoming theirdisciples. Mr. Barnaby 
— too much in that light, we fear, to satisfy the 
public mind. His arguments in favour of abandoning 
armour as a protection to buoyancy and stability 
fill us with amazement, whatever effect they would 
have in the south of Europe. Hesays: ‘ The fact 
is that the contention for armoured protection for 
stability will probably soon be a relic of the past. 
Itso happens that the Inflexible has it, but she has 
it as much because the actual length and breadth of 
citadel were necessary to contain all the fighting 
elements as because a certain amount of stability 
had to be protected.” And following this he says 
it would be difficult to over-estimate the value of 
armour for the defence of the machinery and maga- 
zines of a fighting ship ; and of the communications 
between them and the batteries of guns; and that 
he is of opinion it will be better to give efficient 
armour protection as long as possible only to the 
vital parts referred to than to spread the armour 
out in a vain attempt to protect the stability and 
buoyancy also, and thus render it inefficient as a 





protection to buoyancy, stability, boilers, machinery, 
or magazines. 

Here, by Mr. Barnaby’s own statement, in this 
very Inflexible the length and breadth of the citadel 
necessary to contain all the fighting elements 
happened to be sufficient for the p of protect- 
ing the buoyancy and stability—if the latter, that 
is, has sufficient protection. the stability is suffi- 
ciently protected in this case owing to the a 
citadel required for fighting purposes, why should 
we not expect it to be large enough, or nearly large 
enough in other vessels? And what designer in his 
senses having to make for fighting purposes a citadel 
nearly large enough to protect the stability of his 
ship would hesitate to add the little extra required 
to effect such an all-important end, either at the 
— of asomewhat greater beam or a somewhat 

uced thickness of armour? But the general dis- 
cussion of these points is not of pressing im- 
portance, and to dwell upon them further at 
present would only tend to confuse the distinct issue 
raised as to the safety of the Inflexible. 


“TURTLE TORPEDO BOATS.” 

In these days when nearly everybody is discussing 
torpedo warfare, while but little is known as to 
what can or cannot be done with torpedoes in actual 
practice, it is natural to expect that many wild 
suggestions will be laid before the public. It is 
not, however, to be expected that such suggestions 
should form the subject matter of a leader in a 
professional journal, and we have therefore read with 
some surprise an article on torpedo launches which 
appeared last week in a prominent position in The 
Engineer. The object of our contemporary’s article 
is apparently to } pret first, that an ironclad can be 
readily protected from torpedo launches as at pre- 
sent made ; and, second, that it cannot be so pro- 
tected from a “‘ turtle torpedo boat” constructed on 
a plan which our contemporary sketches out. Let 
us consider both these propositions. 

As regards the first point The Engineer informs us 
that: ‘The destruction of a torpedo boat is a very 
‘‘ easy matter: all that is necessary is that she shall 
‘“* be hit by a few grape-shot or even by a sufficient 
‘number of Gatling bullets. . . . it would appear 
‘* that if booms be laid out at each side of the ship 
** at a distance of about 50 ft. from her, the launches 
‘‘ will be unable to inflict any injury,” Our con- 
temporary further states that: “ Four of the ship’s 
‘* boats moored to booms, one pair at each bow of 
‘* the vessel to be defended, would apparently render 
‘* it almost impossible for a torpedo to get close to 
‘* her, because they could between them keep up a 
‘“* ribbon of projectiles—if we may use the phrase— 
‘*at each side of the ship, which ribbon no torpedo 
‘* Jaunch could possibly pass.” Now in making these 
remarks The Engineer + ym to ignoretwo important 
facts, viz., first the high speed which has been given 
to recent torpedo boats, and second, that the work- 
ing of such launches is recognised as a desperate 
service, and that those who engage in it hope more 
for success in destroying the enemy than for safety 
for themselves. A boom 50 ft. from a vessel cannot 
be regarded as any protection from a high speed 
torpedo launch. Our contemporary quotes the de- 
struction of the Albermarle by means of a 8 
torpedo during the American war, but the writer 
appears to forget that this vessel was ‘ protected” 
by a boom, and that the launch employed, although 
a slow one compared with those now available, 
mounted this boom and ran Partly over it before the 
torpedo pole was projected. With a speed of 20 
miles per hour, a torpedo launch has sufficient 
momentum to raise her over 13 ft. into the air if her 
motion was suddenly changed to a vertical direction, 
and considering this, it is evident that a boom would 
certainly not prevent a launch from hitting a vessel 
although it might interfere with her subsequent 
escape. The boom, moreover, would afford no pro- 
tection against the Whitehead torpedo, whileif two 
or more launches were acting in concert it would 
be possible for the first to destroy the boom and 
thus leave the way clear for the second. 

Next as to the “‘ ribbon of projectiles.” It is not 
clear how the ship's boats are to carry ammunition 
to keep up this “ribbon,” nor can we understand 
how the guns which the boats are to can be 
served sufficiently fast to,render the “ ribbon” any- 
thing like continuous. Considering that one of 
Messrs. Thornycroft’s fast torpedo launches traverses 
a distance equal to her own length in about two 
seconds, it is evident that no very large gaps in the 
“ribbon” would be necessary to let such a boat 
through untouched, Moreover, although we admit 








that, when using grape-shot or its equivalent, some 
advantages are gained by placing guns on board 
boats instead of firing from the vessel itself, yet 
except in a dead calm, these advantages are more 
than counterbalanced by a loss in the steadiness of 
gun platform. Attempting to hit a to o launch 
running at a speed of 20 miles per hour by means of 
a howitzer fired from a small boat in a sea-way is a 
somewhat hopeless task, even at short range, while 
even if hit, it is by no means certain that the torpedo 
launch would be immediately sunk, there being a 
strong probability that even if seriously injured she 
might still be able to complete her work of destruc- 
tion. 

We now come to Zhe Engineer's ‘turtle torpedo 
launch” which is to be “‘made large enough and 
‘strong enough to carry armour, say, 2 in. thick. 
‘¢ This armour would rise from a little below the 
“ level of the water somewhat like the shell of a 
‘6 Guptle... ..« She would have a length of say 
“60 ft. a beam of 8 ft., and a draught of 4 ft. 
“* Assuming her displacement to be two-thirds of 
‘* that of a paralielopiped of the same width, length, 
‘‘ and depth, it would amount to about 50 tons. 
‘* About 20 tons of 2-in. plates would suffice to 
“ protect her, leaving 30 tons available for the 
‘¢ weight of her hull, engines, and crew. s little or 
* no coal need be carried, we have no reason to 
** doubt that a speed of twelve knots ought to be 
‘* imparted to the craft—and it does not appear to 
‘¢ us that any higher velocity would be necessary.” 
Now we have here one of those wild suggestions to 
which we have alluded, We by no means intend to 
say that it may not be desirable to give greater pro- 
tection to torpedo boats than has so far been gene- 
rally done, but we assert that an armoured launch 
must be a very different craft to that sketched out 
by The Engineer. In the first place our contempo- 
rary is unfortunate in his calculations, for a vessel 
of the dimensions he proposes would not have a dis- 
placement of 50 tons as he states, but of about 
36} tons only, even in salt water. ‘Thus after sub- 
tracting 20 tons for armour, there would not remain 
30 tons for the “hull, engines, and crew,” but 
about 16} tons only—a vast difference, and one 
that would render the scheme impracticable. Given 
a sufficient depth of water, however, our contempo- 
rary’s suggestion to carry a load of 50 tons on a 
displacement of 36} tons would certainly cause his 
‘turtle torpedo boat” ‘‘ to be detected” ‘* with great 
‘* difficulty,” even if the precaution of painting 
her ‘‘a dull gray or green” was omitted. 

Under the circumstances we certainly cannot 
agree with our contemporary’s assertion that the 
construction of his proposed launch ‘presents 
no great difficulty,” while even if such a vessel was 
a possibility we fail to see that it would possess the 
great efficiency claimed for it. It is possible that so 
long as the “ turtle torpedo launch” was in a smooth 
sea and was not struck below her armour plating 
(which is to extend “several inches” below the 
water line) she would, as our contemporary states, 
‘““be able to set grape-shot at defiance, and she 
“could safely traverse the ribbon of missiles to 
‘‘ which we have just alluded”; but it does not 
appear to be intended to fit her with any guns, and 
with her comparatively slow speed what is to prevent 
her from being attacked ond 4 destroyed by a high- 
speed torpedo launch? ‘The proposed “turtle 
launch” would in fact, even if it could be made as 
pro; , be nothing but a small low-speed ironclad 
with very imperfect means of offence or defence, 
and as a source of danger to large ironclads we 
do not consider that it could be compared with 
high-speed launches of the Thornycroft type. For 
such small vessels we believe high speed to be a far 
better protection than any armour plating which 
can be practically carried, and we think that those 
who have studied the subject will endorse this view. 

It has been suggested to us by a correspondent 
that torpedo launches might advantageously employ 
Hale’s rockets with smoke-balls to envelop in smoke, 
the vessel they are attacking and thus shelter 
themselves from anything but random fire. The 
suggestion appears to us a good one, and we believe 
that under many circumstances it might be carried 
out with advantageous results, ‘The use of torpedo 
launches has yet to be developed in actual warfare, 
and we have no doubt much to learn both as regards 
the best mode of employing them, and of resisting 
their attacks ; but our progress in their use is not 
likely to be assisted by the proposal of impossible 
modifications, and it is for this reason that we have 
commented upon the visionary craft of our contem- ~ 


porary. 
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QUADRUPLEX TELEGRAPHY. 


AxoutT acentury ago, in 1774, the first telegraph 
line ever constructed was setup at Geneva by 

3 He employed a system of twenty-four wires, 
one for each letter of the alphabet. A letter was 
signalled by charging the corresponding wire with 
frictional electricity, which attracted a pith-ball at 
the distant station, Such has been the progress of 
telegraphy, that we are now apparently close to the 
time when, by help of the telephone and the duplex 
system, these early conditions shall be reversed, 
and twenty-four signals be sent simultaneously alovg 
one wire. At present, by Messrs. Prescott and 
Edison's quadruplex system, and without the aid of 
the telephone, four messages are simultaneously 
transmitted over one wire from New, York to Chicago, 
nearly 1000 miles in length, at the rate of 120 words 
a minute. 

After the invention by Dr. Gintl of the duplex or 
counter system of sending two messages, one in an 
opposite direction to the other, European electricians 
began to turn their attention to the problem of 
sending two messages simultaneously on the same 
wire in the same direction to each other. And it 
became clear that by combining these two plans a 
system of quadruplex telegraphy would result. In 
a paper to the Royal Academy of Sciences, Holland, 
on the 27th of October, 1855, Dr. J. Bosscha, Jun., 
of Leyden, described a system for simultaneous 
transmission of two messages in the same direction, 
and pointed out how by the union with it of Frischen- 
Siemens’ duplex system a means of sending four 
messages simultaneously was provided. Four days 
later Dr. J. B. Stark, of Vienna, wrote a description 
of his system, and concluded with the following 
words: ‘* With the method of double transmission 
in the same direction, we may also combine that of 
counter-transmission (gegensprechen), and hence 
arises the possibility of simultaneously exchanging 
four messages upon one wire between two stations, 
which will however hardly find any application in 
practice.” We find here the dubious note that has 
all along attended the birth of electric novelties, and 
which one after another they have marvellously re- 
pudiated and outgrown. When we consider, how- 
ever, the standpoint of the imperfect knowledge of 
the time we ought, perhaps, rather to regard such 
doubts as evidence of prudent judgment rather than 
want of sufficient foresight. About the same time 
(1855-56) other electricians, notably Drs. W. 
Siemens, Kramer, and Bernstein, of Berlin, invented 
methods for effecting the same end. But all these 
early methods agree in principle, although they vary 
in detail, and are all subject to the same defects. 

The problem of sending two messages simulta- 
neously along one-line wire in the same direction 
implies the use of two distinct signalling keys for 
sending the messages at one end, and of two or more 
distinct receiving instruments or relays for receiving 
it at the other. The use of two sending keys simul- 
taneously involves four combinations of their action, 
namely : 

1. When No. 1 key is closed and No. 2 is open, 

2. When No. 2 keyis closed and No. 1 is open. 

3. When both keys are closed. 

4. When both keys are open. 

These four conditions of the keys should give rise 
to four distinct electrical conditions of the line, 
capable of being interpreted by the receiving relays. 
In the method devised by Stark and Siemens, the 
four corresponding electrical conditions of the line 
were, for 

1, A positive current of strength one sent. 

2. A positive current of strength two sent. 

3. A positive current of strength three sent. 

4. No current sent. 

In the method of Bosscha, Kramer, Bernstein, 
-_ others (including Maron in 1862) they were, 
or 

1. A positive current of strength one sent. 

2. A negative current of strength one sent. 

3. A positive or a negative current of strength 
two sent. 

4. No current sent. 

‘The defects of these early systems lay in part 
with the signalling keys and in part with the re- 
ceiving instruments. In passing from contact to 
contact of the keys there was momentary interrup- 
tion of the line circuit and consequent breaking up 
of the signals. To prevent this, Gintl’s plan of 
keeping the battery always in circuit with the line, 
but short-circuited by the key, was tried. This, 
however, reduced the battery too much, and the 
plan of Bernstein (1835), since applied by. Mr. 





Stearns to his duplex system, was found more satis- 
factory. It consists in so constructing the key 
that one contact is made before the other is broken, 
so that the line circuit is never interrupted. The 
chief difficulty with the relays lay in keeping them 
at their proper sensitiveness so that they would re- 
spond to theirproper strength of current and no other. 
ith Stark’s system, for instance, if the relay which 
ought only to work with a current of two strength 
went out of adjustment, so that a current of one 
strength meant for another relay operated it, it is 
clear that a confusion of messages would result. 
Stark employed three neutral relays. Bosscha and 
Kramer employed one polarised and two neutral 
relays, and Bernstein used a single relay with three 
armatures each adjusted to work with its proper 
current. In the system of Bosscha, Kramer, and 
Bernstein, the sudden reversal of magnetic polarity 
in the relays caused by the sudden reversal of electric 
conditions in the line had also the effect of interfering 
with the signals, For instance, if when No. 1 key is 
down and No. ] relay is closed by a positive current 
of strength 1, No. 2 key be also closed, there will 
be a sudden change in the line to a negative current 
of strength 2, and the polarity of No. 1 relay will 
be reversed whilst it is closed and in the act of 
making a signal. This reversal of polarity involves 
an instant of no polarity, and the armature of relay 
No. 1 must, at that instant, fall away from its con- 
tact, thus opening the circuit for a moment when 
it ought to be closed. This defect does not appear 
to have been successfully overcome at that time. 
On coming to try these early systems, imperfect 
as they were, on lines of upwards of 100 miles in 
length, the additional disturbances or ‘‘ kicks” due 
to the static charges and discharges of the line 
proved fatal to them as they also proved to the 
early duplex systems. From 1855 to 1865 a good 
deal of ingenuity was still shown in devising schemes 
for solving the problem, especially by MM. Elie 
Wartman, Schreder, Schask, and Zetsche, but 
nothing practically useful then came of them. 

The recent revival of duplex, however, once more 
revived the hope of quadruplex. In 1872 Mr. 
Stearns, of Boston, Massachusetts, by the application 
of a condenser to the “ artificial line” corrected the 
disturbing ‘‘ kicks” due to the static induction of 
lines, and introduced the duplex system. In 1874, 
Mr, T. A. Edison, of Newark, New Jersey, iu con- 
junction with Mr. George B. Prescott, while ex- 
perimenting with Stearns’ duplex system, invented 
their system of quadruplex, the first that has been 
practically successful. It was worked the same 
year on the New York to Boston line. Since then 
it has been introduced on several lines, including that 
before mentioned, which is the longest, and is 
worked by help of a “repeater” or translator at 
Buffalo. 

In the same way that Stearns’ duplex system is a 
revival and improvement of old methods, so is 
Messrs. Prescott and Edison’s quadruplex. They 
have, however, added important novelties. The 
system of duplex most in favour for long lines is 
the ‘*‘ Wheatstone bridge” method invented by M. 
Maron and revived by Stearns. ‘This system has been 
adopted by Messrs. Prescott and Edison. To under- 
stand their system it will be best to leave out of mind 
the double or duplex arrangement of apparatus,* 
however, and to consider only the arrangement 
necessary for the transmission of two messages side 
by side in the same direction, knowing that the mere 
duplexing of this arrangement by known methods 
insures quadruplex. 

In the Prescott and Edison system the combina- 
tion of currents produced by the two keys are, for 

1. A positive current of strength 1. 

2. A negative current of strength 3 or 4. 

3. A positive current of strength 3 or 4, 

4. A negative current of strength 1. 

As compared with the earlier systems there is 
here a wider range of working power between the 
separate currents, which is a practical advantage in 
itself. To interpret these currents two separate 
relays are used. One is a common unpolarised re- 
lay with short cores and low resistance, so that it 
is capable of being affected only by strong currents. 
The other is a sensitive Siemens’ polarised relay, 
constructed so as to allow the armature or tongue 
to be thrown back against the stop which leaves the 
local circuit open, when a current of a certain polarity 
passes through its coils, and so as to pull the tongue 
against the front stop, closing the local circuit, 
when a current of opposite polarity passes, This 
relay has no adjusting spring like the first relay. 

_* See ENGINEERING, vol. xxii., page 470, 








Its action depends entirely on the reversal of the 
currents actuating it; one current closes its local 
circuit, and the reverse current o it, To ke 
its tongue on the back stop and its local circuit 
open, it is, therefore, to keep a certain © 
current permanently on the line. When such is the 
case a signal is made by simply reversing the current. 
The current permanently used with this system of 
sending is generally a negative or ‘‘ zinc” current, 
the signal being made by the application of the 
‘* copper” current, Itis the sind and not the strength 
of the current which operates this relay; whereas 
the other or neutral relay with its spring adjustment 
is only operated by the proper strength of current 
irrespective of its kind. 

For each relay there is a special key provided, and 
they are conjointly connected to the signalling 
battery in the manner shown in Fig. 1, which re- 
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presents the arrangement of apparatus for sending. 
AB C is the “* Wheatstone bridge,” with the bridge 
wire BC, in which are placed the relays for receiv- 
ing; the line and artificial lines being connected up 
to it. B, and By are the two parts of the signalling 
battery, between which and the bridge the two 
signalling keys K, and K, are connected up to- 
gether. K, is the ‘double current” key which 
actuates the polarised relay at the distant station, 
K, is simply an ordinary make and break key which 
actuates the unpolarised relay at the distant station. 
Only K, has power to change the polarity of the 
currents, K, merely puts in or takes outa certain 
amount of battery power By. 

In considering the four positions of the keys we 
find that 

1. When K, is closed and K, open, the spring s 
is pulled down from contact with the terminal ¢, 
while the spring s, is allowed'to make contact with /,. 
This puts the copper pole (+) of B, to line throug 
the lever of K, and ¢,; the zine pole (—) being to 
earth through /, andthe lever of K,, Thus a posi- 
tive current of strength 1 enters the line. 

2. When K, is closed and K, open, the spring 
s makes contact with /, and s, with the lever of Ky, 
while in Ky the spring sg makes contact with /,. 
This puts the copper pole (+-) of B, to earth through 
both keys and the zine pole (—) of B, to line 
through K,. Both batteries by the closing of K, 
are thus brought into conjoint action and a negative 
current of strength 3 and 4 enters the line. 

3. When both keys are closed, spring s, makes 
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contact with /, and s: with #. This puts the copper 
pole of By to line, while the zinc pole of B, is to 
earth. Thus a positive current of strength 3 or 4 
enters the line, ; 

4. When both keys are open, as is shown in the 
igure, s is in contact with ¢ and s, with the lever of 

2. ‘This puts the zinc pole (—), of B, to line, and 
the copper pole (+) to earth, Thus a weak nega- 
tive current of strength 1 flows through the line. 
This is the permanent or standard condition of the 
line; and no relay is worked by this current, It is 
too weak to operate the unpolarised or neutral 
relay, and it is of the polarity which keeps the 
polarised relay tongue on its back stop, and its local 
circuit open. Wf 

Fig. 2 shows the arrangement of receiving relays 
Po hy tet sounders, or Morse instruments, in the 
bridge wire, for receiving. R, is the polarised relay 
actuated by the weak double current signals, Ry is 
the neutral relay actuated by the strong currents of 
single polarity, R, answers to key K,, and Ry to 


key Ky. 

In the normal position of the keys, that is, when 
both are open and no sending is going on, both 
relays are open and the sounders in their local 
circuits dumb, The negative current then flowing in 
the line is too weak to move Rg, and its polarity is 
such as to keep R, open. 

When (1) K, is closed and K, open, R, is 
actuated by the weak positive current, and R, is 


open, 

PWien (2) Ky is closed and K, is open, Ry is 
actuated by the strong negative current, and KR, is 
open, since the polarity of the current is such as to 
keep it so. 

When (3) both keys are closed, both relays are 
actuated, since the current is both strong enough to 
actuate R,, and of the proper polarity to actuate R,. 
And this feads us toa slight defect in the system, 
which has, however, been overcome. The signals 
made by the neutral relay are liable to become 
broken up. This is due to the power which the 
signalling key K, for the polarised relay has of 
reversing the current in the line. For instance, 
while a signal is being made on the neutral relay by 
a current of —3 strength (as in Case 2), key K, may 
be closed, and this has the effect of suddenly re- 
versing the current in the line from —3 to +3 (as 
in Case 3). ‘This sudden reversal of the magnetic 
polarity of the neutral relay which would follow on 
this, necessitates that during the change there should 
be a moment of no polarity in the neutral relay. 
Its tongue would, therefore, for that moment fall 
away from the closing stop, and its local circuit 
would be opened. This would interrupt the signal 
being made by the local sounder. To obviate this 
evil Messrs. Prescott and Edison connect up a local 
relay intermediate between the local sounder and 
the neutral relay, asshown. The circuit of this local 
relay is closed when the tongue of the neutral relay 
rests on its back stop, that is, when the circuit of 
the neutral relay is opened, When the circuit of 
this local relay is open the circuit of the sounder is 
closed. Thus the closing of the neutral relay circuit 
is attended by the closing of the sounder circuit ; 
but the intermediate relay makes the intervening in- 
terval such that a momentary opening of the neutral 
relay circuit does not affect the sounder. 

On lines of several hundred miles and upwards it 
was found that the falling off of the tongue of the 
relay was greatly aggravated by the static induction 
of the line which delayed the changes of current in 
the line, and extended the time of the break in the 
signals, so much that the mere intervention of the 
local relay did not suffice. The following device was 
contrived to counteract the tendency of the main 
or neutral relay tongue to fall off, and it proved 

uite successful, A derived circuit was made from 
the bridge wire, consisting of a condenser ¢, an 
electro-magnet m, and also an adjustable resistance 
r, The electro-magnet was set so 1s to operate on 
the tongue of the main relay. The discharge 
current from the condenser on reversal of the line 
current was thus made to actuate the electro- 
magnet, and hold the tongue of the main relay in 
its position until the reversal of currents had been 
accomplished, and the critical moment was past. 
The resistance coils r serve for adjustment of the 
effect. . 

Since its introduction this method of Prescott and 
and Edison’s has been further improved by the 
addition of a condenser to the bridge wire, which 
has the effect of making the si more precise 
andsteady. Asin Mr. Stearns’ duplex system, con- 
densers form part of the quadruplex artificial line, 











the balance requiring to be very fine. As its use 
becomes extended doubtless other improvements 
will be added to this practical system. Already in 
England and elsewhere other quadruplex systems or 
modifications of Prescott and Edison’s have been 

roposed by Dr, Nicholson, of Cincinnati, Messrs. 

emp, Winter, and others, Of these that of Mr. 
G. K. Winter, of Madras, is worthy of note. The 
arrangement of receiving instruments is shown in 
Fig. 3, where R, is a differential relay, polarised, 
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and having two armatures or tongues ¢ and #,. 
Tongue /, closes the local circuit of sounder §,. 
Tongue / in part closes the local circuit of sounder 
S,, which is completely closed by the tongue of the 
other relay R,. It is to be borne in mind that both 
tongues of hi, are closed by a current in the 
direction of the arrows. Winter employs two keys, 
and the arrangement of currents is as follows : 

1, When key No. 1 is closed and No, 2 is open, a 
positive current of one unit is sent. 

2. When key No. 2 is closed and No. 1 is open, a 
negative current of one unit is sent, 

3. When both keys are closed, a positive current 
of two units is sent. 

4. When both keys are open, no current is sent. 

These currents operate on the receiving instru- 
ments in the following way : 

Case 1. Here there is a unit positive current 
coming in from the sending station, An equal 
=— flows in the opposite direction from the 

attery 4, which is permanently connected up in the 
“artificial line,” or compensating circuit. Both 
these currents seek earth through the relays R, and 
Ry. That from the local battery is in the right 
direction to close tongue#; while that from the 
sending station is in in the wrong direction to close 
tongue ¢,, which therefore remains open, and sounder 
S, does not signal. The joint current seeking earth 
closes the tongue of relay R,, and tongue ¢ being 
closed by R, the local circuit of sounder S; is com. 
plete, and S, therefore signals while S, remains 
dumb. 

Case 2. Here there is a unit negative current 
from the sending station. The current through R’ 
is therefore in the proper direction to close both 
tongues. But there will be no current in Rg, 
therefore its tongue will be open. Thus sounder 
S, will signal while S, is dumb. 

Case 3. Here there is a positive sending current 
of two units coming in. It will overbalance the 
positive local current and flow in the wrong direction 
through both branches of the relay R,, which will 
therefore preserve both tongues open, There will 
thus be no signals made on either sounder. 

Case 4. Here no current arrives from the sending 
station, and the current in the artificial circuit will 
close all the tongues, causing both the sounders to 
speak. By such arrangement of receiving instru- 
ments, with suitable signalling keys added at each 
end of the line, Mr. Winter gets a system of quad- 
ruplex which has proved itself practicable in India. 

Ve cannot conclude this brief account of quad- 
ruplex without mentioning M. Meyer's synchronous 
system, now employed by the French Telegraph 
Administration on the important line between Paris 
and Marseilles, where we have seen it in operation. 
It is entirely unlike the systems of quadruplex we 
have described and would require a separate descrip. 
tion. The four messages are sent in one direction 
along the line, each signal in strictness following the 
other. It is, therefore, rather a quick means of 
As ape, that four messages shall be in process of 

eing sent at the same time in the ordinary simplex 
way, than a system of quadruplex proper. The 
speed is slow com to Messrs. Prescott and 
Edison's duplex, being only at the rate of 110 mes- 
sages per hour. We believe, however, that M. 


Meyer is already trying to unite the duplex system | ¢ 


with it, and this will make it a means of octoplex 
telegraphy. 








New ZEALAND RaILways.—The working expenses of the 
railways opened thus far in the province of Auckland (New 
Zealand) amount to about 76 per cent. of the receipts. 
All things considered, this may be regarded as a satis- 
factory result. , 


THE NEW ELECTRIC LIGHT. 

Tue practical public trial to which the Jablochkoff new 
form of electric light was subjected at the West India 
Dock towards the close of last week must be considered in 
every way a success. The large yard adjoining the en- 
trance, over which an immense marquee had been erected 
in case of wet weather for the convenience of those who 
came to witness the experiment, was lit up by means of 
four lights to an extent farin excess of the illumination 
obtained from the three groups of four gas burners pro- 
vided with powerful reflectors, placed there for the pur- 
pose of comparison. The lighting up of the large loft 
from two lights placed outside the windows—one at an 
end and the other at a side window—was equally success- 
ful, the writing on a notice fixed at the extreme end of the 
left being easily readable. Equally successful was the 
illumination of a ship’s hold, the deck, and the quay side 
by means of one lamp, the portability of which was evident 
to all present, the lamp being moved about from point to 
point at pleasure, controlled only by the length of wire 
in connexion with the lamp, and by which its illuminating 
power was provided, 

So far then the application of the invention to general 
lighting purposes no longer remains a matter of specula- 
tion. How far, however, this will extend must depend 
in a great measure upon the manner in which much of its 
detail is carried out. Up to the present it comes before 
us in the crudest possible form, illustrative simply of the 
fact that it is possible to produce from one source several 
lights of a pleasing and powerful character, surpassing in 
power of penetration, and void of much, if not all, of 
those objections associated with our gas supply. That 
these lights may be obtained directly from the electrical 
machine which generates the electrical current, or from 
the secondary circuit of an induction coil. That there is 
no unpleasantness attending its use. That it is clean, free 
from smoke, and free from danger. Viewed as a means 
for affording light another advantage is to be found in 
the small amount of heat which it evolves, one of the 
lamps employed at the recent experiment being but 
moderately warm, such as to admit of the naked hand 
resting upon its top without the slightest inconvenience 
being felt. This in the illumination of large buildings 
and rooms is an enormous advantage. So also is the 
ready and reliable discrimination of colours of which the 
light admits, the varying shades of yellow, green, and 
blue, being discernible with ease. Still with all these 
advantages there is much to be yet done, as it were, to 
civilise the light, to make its application as easy, as 
certain, and as well understood as is the present supply 
of gas. One of these points is the frequency with 
which the candles require to be changed; as at pre- 
sent each candle requires to be replaced about every 
50 minutes. This means the attendance of a man suffi- 
ciently acquainted with the duty not to jeopardise the 
rest of the lights in circuit; for the interruption of the 
circuit at one point, where the lights are arranged in the 
line wire in direct connexion with the electro-motor, 
means the extinction of all. Appliances are no doubt at 
hand for meeting occurrences of this nature; still their 
organisation is a necessity ; the light is there, its perfect 
application will only be obtained at the cost of consider- 
able attention to matters of detail, and doubtless to this will 
now be given those energies which have so far been suc- 
cessful in obtaining the advance which has been effected. 

Another question which will naturally claim attention 
is that of cost. Statistics giving the absolute power of 
the light as compared with a recognised standard 
measure, together with its cost, should be forthcoming. 
The cost will naturally vary with the locality in which 
the test takes place; but given a relative cost between 
its production and that of a recognised and well-under- 
stood means of illumination, and it will be easy to cal- 
culate that of the electric light. 

We congratulate M. Jablochkoff on the success which 
has so far attended his labours. There can be little 
doubt that when reduced to a system the produce of these 
labours will place in the hands of many a means of ob- 
taining an improved and powerful light at a cost less than 
that of any description of light now in use. 





ECONOMY AS APPLIED TO THE MANU- 
FACTURE OF WROUGHT IRON.* 
By Jamzs Ronap, Woolwich. ‘ 

Somx two years ago you accorded me the privilege and 
pleasure of bringing to your notice some facts in furnace 
ao ome and notably an important and original step in 

uel economy. I then on the strength of a somewhat im- 
matured experience, ventured to predict results that have 


since been fully verified, and I promised with your permis- 
sion I would at a more advanced stage of the eT ing 


the fullness of prediction had been realised—to 2 
the subject of ‘‘fuel economy,’ one of vast and vital 
interest to the community, but which I fear in a manu- 
acturing sense is neither appreciated for its merit nor 
esteemed for its utility. . 
Judging, however, from the demand of copies of my 
last paper and the extensive correspondence to which I was 
subject, and the several reprints of the paper in re 
that affect the iron interests, it seems to have stirred a 
somewhat stagnant pool that has reverted to its 








iy: 
* Paper read before the London Association of Foremen 
Engineers 
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At the time I read my paper the “retort furnace’? was 
unknown, it has sinee acquired a rather large celebrity, 
not only as an original design but as a simple and success- 
ful combination of means not hitherto attempted. It has 
been the subject of a os by Isaac Lowthian Bell, M.P., 
the greatest of our metallurgical authorities in this country, 







by Mr. Holley, the eminent:president.of the American In- 
stitution of Bngiteers, end by 2 ssor Turner, of Vienna, 
of well-earn Ev I mention these 


facts, firsty’ as Conf ‘¢he miémentous nature of the 
subject ; Rtas. a proof he ho world outside is not 
i to thé transactions of t x 

I last términated my remarks with a strong belief in the 
application of *‘ heated air’’ to the process of puddling and 
reheating. . Its great yalue for smelting is now well under- 
stood and of universal practice, but its application to fur- 
naces vanced of wrought iron 
manufacture. is neither old nor of extensive practice. Its 
practical worth has not been realised, its utility doubted, 
and, with the exception of the “‘ erative gas furnace”’ 
of mr. Siemens, it has i ignored. True some 
stili continne to it over the outer surface of the bricks, 
and lick up the es of radiation, but such feeble appro- 
priation of heat can ag ss Bos rated of ii ce. 

The amount of heat taken up, its economic value or its 
general influence, whether fleeting or abiding, has not so 
far as I know been stated, the knowledge of its effect is 
vague and lacks the warrant of experience, so that I re- 
gard any well-grounded contribution on this head of some 
weight. 

On a careful investigation and an ample comparison of 
results under varying temperatures of air, I have been led 
to the conclusion that air heated to a temperature of 500 
deg. Fahr. will, ina ‘‘ retort furnace” in conjunction with 
heated fuel reduce the consumption of its fuel 10 per cent., 
that a sensible reduction occurs above 300 deg. Fahr., and 
not any very visible results occur with the air below this, 
which settles the fact that taking up the dre; 
will not pay for the trouble. But the yield of iron with 
heated air to 500 deg. Fahr. is sensibly improved, in pud- 
dling the wash is reduced as much as 75 per cent., in re- 
heating 25 per cent-, and the perfect regularity of temper- 
ature and control sustained by the elements being highly 
heated before combustion gives to the retort furnace the 
wholesome power of increasing the work done by the coal, 
and diminishing the mischief done by the air. No doubt 
the higher the temperature of the air the more marked its 
effects, but an excess of temperature can be commanded for 
all iron-making requirements with the air from 500 deg. to 
600 deg. Fahr., and this degree can be attained without 
risk to the pipes and with a certainty of long service. 

But the effect of air heated to 500 deg. on the general 
action of the furnace is very marked. I before pointed 
out that the ordinary reverberatory furnace at its highest 
effort was barely equal to the melting of best steel in a 
close crucible, and utterly unequal to the melting of wrought 
iron after 24 hours’ exposure to its most intense energy. 

With air heated to 500 deg. Fahr. 20 lb. of wrought iron 
can be melted in a crucible in 1} hours, fully attesting the 
startling acquisition of temperature so readily furnished. 

The highest attainable heat is not of course uisite 
for the manufacture of wrought iron, as to melt the 
wrought iron ina puddling bath as the granules appear 
weal be a process of destruction. But it is conducive to 
quantity, quality, and all-round efficiency to have tempera- 
ture at command, and in no operation is its virtue more 
visible than in puddling, where a rapid accession of heat 
as the iron rises to the boil facilitates conversion, insures 
clearing, makes balling easy and drawing quick, and 
diminishes the time the iron is exposed to the con- 
suming evils of oxidation. 

In all ‘‘ retort furnaces’’ of large capacity heated air is 
a sine qué non, the furnaces work with greater rapidity, 
the heats are of a more uniform character. Stoking with 
hot coke on the bars does not sensibly vary or impair its 
regularity ; in puddling heavy charges, it is quite practicable 
to melt and puddle 20 ewt. of iron in an hour and a half 
—this has been regularly done from the cold pig, the melting 
being done in thirty minutes, requiring sixty in the ordi- 
nary furnace. More exact methods of ascertaining the 
work done by the fuel in these furnaces have been ,and 
the composition of the = has been subjected to chemical 
analysis in the chemical department of the Royal Arsenal, 
with the following results : 


No. 1. 

This gases were taken over three-quarters of an hour of 
the best condition of a reheating furnace ; the samples were 
taken from the neck of the furnace as the products were 
passing off to the flue. 


Carbonic acid 15.9 vols. or 22.8 by weight. 

Oxygen 2. we 2.3 a 

Nitrogen ... 81.9 9» 049 ” 
100.0 100.0 


This exhibits an all but perfect result, the whole of the 
fuel in a condition that exerts its utmost energy and 
greatest heating capacity, and gives to the furnace the 
highest possible results that fuel can accomplish ; perhaps 
no better evidence of perfect combustion has even been 
taken before during a process of manufacture. 


No. 2. 

These are gases taken from the neck of a puddling 
furnace during the process, and show a composition con- 
siderably at variance with the other, which it is necessary I 
should explain after giving the analysi 


ysis. 
Carbonic oxide 13.07 vols. or 13.39 by weight 
*” acid 7.76 ,, 12.49 ” 
Hydrogen 735 ,, 53 "9 
Nitrogen 71.82 ;, 73.59 ” 
100.00 100.00 


of radiation | h 








It will be observed the gases from the puddling furnace | f practicable if the means availed 
give an excess of carbonic oxide pe Rowdy m0 the theory of footy es rude pm gti hy rs e fron manu- 
can combustion, or fuel economy, as the fuel is not per- | facture of England should be effaced fhe ceplmenes 
orming more than half its work. those efficient means which the “retort furnace” 


rehea’ and this diluted flame is a means toanend. A 
highly carburised flame is @necessary aid-to the conversion 
of iron by the process of puddling. “Practice has long 
taught the free use of the damper in ‘ the process, 
and science has shown that it promotes the ions b 

which the —— of carbon, ——. ——, an 

phosphorus is effected, puddling being @ Teducin; 

process, in which the oxidising of the cuidenlunt bitloss 
with the oxygen of the fettling reduces the iron inthe latter ; 
a flame of pure carbonic oxide (CO) is most conducive to this 


result. But as the temperature n would be diffi- | i 
cult to sustain, the flame becomes mized bys portion of 


up the whole of its heat ; dling 
throughout with an elevated temperature unchecked has 
been found possible but not profitable ; it prolongs the pro- 
peg ag the iron, weakens the quality, and is prodigal 
o! 3 
A flame heavily diluted with carbon is the best safeguard 
to the floating granules that come to the surface as the 
charge is ‘‘ coming to nature,” which in their new- 
born and sensitive condition, revert back into worthless 
cinder at the touch of free air. A carburised flame takes 
up this free air, which is certain of ingress both by way of 
the fire-bars, and at the working hole of the furnace. It 
is the aim of the puddler to what he calls “‘ cover his iron 
with flame,”’ but in the ordinary furnace this is not always 
sible with the maintenance of sufficient heat to enable 
im to complete his work of “ balling’? with facility. 
A thick flame in an ordinary furnace means a thick fire 
and a cooling atmosphere ; to obviate this is one of the 
leading purposes of the retort furnace, the retort con- 
tinuously gives out its distilled gases, which with the 
eated air, furnish abundant heat with the presence of a 
gaseous cloud that constantly covers the iron. An imperfect 
combustion of such a character as to exercise the most 
salutary influence in the puddling bath is perfectl 
practicable: in the retort furnace, without reducing the 
temperature below the necessities of the s. It is 
this that renders the remarkable and otherwise inexplicable 
yields so clear, that account for the striking difference in 
the composition of the gases between reheating and pud- 
dling, and itis this that reduces the waste from 8 per 
cent. to 2 per cent., or rather that gives to the 95 per cent. 
of iron in the pig, 3 per cent. gained from the fettling by 
the superior fitness of the furnace for the puddling process. 
The maintenance of temperature an excess of carbon, 
which the self-contained means of distilling gas and heating 
the air gives it the power to accomplish at will, is a function 
peculiar to the retort system, and furnishes an unrivalled 
and unique fitness for puddling with economy and efficiency. 
The third sample of gases submitted for analysis was 
taken from the neck of an ordinary reverberatory furnace 
used for reheating as a mill furnace ; the sample was taken 
during a period of half an hour at the very height of its 
best action and hottest time, no fresh fuel being added to 
the fire during the taking £ a gases. 
o. 3. 


the fuel giving 


Carbonic acid ... ove ove 9.82 
Carbonic oxide rh be ove 12.18 
ae (with a small quantity of 
marsh gas) ... See eee te . 
Nitrogen ove ove 72.10 
100.00 


This analysis shows a composition almost identical with 
No. 2 sample, taken from a puddling furnace. It proves 
the passage of the largest part of the fuel in a most 
imperfect state of combustion for reheating, an operation 
which is best conducted under the highest temperature 
rapidly generated. In puddling, imperfect combustion of 
fuel is inseparable from the best results as regards uality 
and quantity of iron. In reheating it is reversed, the 
more intense the temperature, the less is the waste, and 
better the work, and the third analysis as compared with 
the first is the measure of advantage between the use of 
heated air and heated fuel and that of cold air and raw fuel. 

The melting of steel in pots is still a large if not an in- 
creasing industry ; the ordi mode has been by the 
common coke air furnace by which some 2 tons of coke, or 
an equivalent.of 8 tons of coal, is consumed in melting 1 ton 
of steel. The use of heated air widens the sphere and 
cheapens the means of the steel maker, as 1 ton of steel can 
be melted in pots for 25 cwt. of coal. 

Perhaps no higher function can be developed throughout 
the entire range of ‘furnace economy” than that of 
arresting the ravages of oxidation ; its action is inevitable, 
its progress irresistible; iron is from the first moment of 
its existence in a state of reversion,back into oxide, but it is 
accelerated under such temperatures as those at which it is 
commonly worked, and its sensibility to chemical c 
demands provision in its treatment ; this can only be done 
by some means of,neutralising the action of such access of 
air that under the best ents will find room ina 
furnace. The margin occupied at present by waste from this 
cause is most excessive and susceptible of diminution— 
its range, as I said before, is anywhere between 5 and 
15 per cent.—the common average of waste in puddling 
is 8 per cent., it is quite within the limits of possibility to 
make it 2 per cent. Then let me put the unnecessary 
waste of iron in puddling at 5 per cent., the annual waste 
io as igiacs. ; augpene we 40. 268 tans.00) Jame Sem 

,000, ms of pu per year; unnecessary 
waste of 5 per cent. on this is 200,000 tons, which as 


muddled bar at 4/. ton represents a value of 
500,001. I think it could more probably exceed 1,000,0001. 
worth an 


or some 4s. per ton on the entire produce. It is 
effort to wipe from our industrial escutcheon en. =p 
this irrational waste and gross improvidence ; it is per- 


In puddling conditions obtain that have no existence in | affords, 


ly | products a a ay aes that 


| puddled with the half, whether su 


y and which our credit cannot defend, nor : 


half, | the waste of iron to one- 
and the utilisation r+) products of combustion are 
facts | altogether wi easy reach of 
practice, nor do these complete the canons of economy as 
*Pithe prevailing system of Tollere, and f generat. 
e means 0} 
ing steam is so destitebe of cy as the latitude of 


whole system is demanded in the interest of 
to life and property; there are exceptions, 
state systems at once crude, ‘perilous, and expensive pre- 
vail, I state a well-known and widely-deplored fact, and 
what is a standing censure to engineering, it retains its 
hold under the pretence of economy. But I verily believe 
more destruction to life and has been the out- 
come of such a agglomeration of unmeasured and 
ie a . : 
ever cov y its gains. The hideous 
that meet us at every turn have no defence in science, 
safety, nor efficiency, but their pretence is founded on the 
theory that ‘it | well on paper.’”” They have been an 
obstruction to every attempt at innovation with a view to 
economy and other sources of improvement; ‘the " 
‘that I raise my steam with my waste heat,’’ is the reply 
to every effort at advancement, to that is ‘owing 
perfect chaos of crude means that make up peeming 
wilderness of an English iron works. It is most desira’ 
7 ascertain what such a — is — pron Pay 
jue pro ns no’ assum that which is 
but the” chadow of a shade.” : 


We have now furnaces of working wy oe own 


returni y wghtw > feomaan Salth tee oie eakaaatee 
effectually that the temporsiere of Se cmngit-aoaes te 
the point of exit does not. exceed 800 deg. .» OF within 
the limit of any. further in the making 


service 
of iron. The question is what the requirements 
of & fecuhan fen tine py = 


of of puddled 
with and without a ae Oe vind 


Take a furnace, say, ‘‘ double” puddling 10 cwt. charges 
in the ordinary type of furnace, 18 cwt. of is commonly 
used for 1 ton of puddled bars. In the retort furnace 
the same size, 9 cwt. per ton of puddled bar only is isite, 
hence it follows that the balance of 9 cwt. the 
aye of the boiler ; supposing the output of the furnace 
to 2 jews, S rinsing itaelf into Lean aseteavene of 
ewt. o or shingling and roug lown one charge 
of puddled bar, an operation that would not exceed 
eight minutes of time. Yet this is so, and itiscalled economy. 
In a factory of an output of 500 tons, the expenditure of 
fuel on this system would be 225 tons of coal for steam 
As the retort system clearly shows iron can be 
lle prodigal habits are 
Somme may be pe gravely — when oA, oa 

e rse power and boiler capaci! con- 
sidered ; 400 indicated horse power is certainly force suffi- 
cient for all the mechaniont alte needed 
500 tons of finished bars 
80,000 cubic feet of steam at a 
piston, or the evaporation of 9000 lb. of water, 

In the Royal Factories we commonly evaporate 
2000 lb. of water per hour, with an ordinary hire 
boiler 30 ft. in length, 6 ft. in diameter, a heating surface 
of 460 sqr. ft., and a grate of 16 sqr ft., burning Ib. of 
coal per oar, ae SoU. bee tay 2 Sean the mean \ 
ration being 8.9 Ib. per 1 Ib. of coal. Five such boilers 
would under fair working conditions furnish the steam 
for mills, shears, saws, &c., for the turn out of 500 tons 
per week, with an hourly consumption of 1200 Ib. 
or for a of 12 hours rather less 
or 71} tons week of 11 shifts ; 500 tons 
would involve the output of 550 tons of 
cover the sh ends and waste ; 
heated for egege Dye say, some 
iron, making a total of 580 tons of 
tonnage of iron, puddled and reheated, 


furnace with boiler requires 30 cwt. of 
for pudd ling, ing, 

separate boilers 18 inclusive ving 
40 per cent. on fuel alone. The difference, therefore, in 
favour of te boilers is in fuel alone as 2 to 12, or on 


a 
i 
8 
cS 
B 


separa’ 
hange | the week’s work of 500 tons 71} tons against 450 tons ; thus : 


LA tons of puddled bar require 18 cwt. per 
oe”... toe Pr eohicr pias ape po 
580 tons of reheated (with wash heat) 18 ewt. 
per ton= ove e0e ose jd K? 
Total ,., 848 
With “‘ retort furnace’’ and separate boilers : 
550 tons of puddled bar require 9 cwt.. per 


580 tons of reheated (with wash heat) 9 ewt. 22 


per ton= 
8 SS tee oo eee eee 714 
Total. ... 4014 
Balance of coal on week’s work 351} tons, or an ~* 





all-round saving of 43 per cent. on fuel alone. 
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But the chapter on boiler economy does not end here ; 
there are endless, innumerable, and incalculable expenses 
and repair of their furnaces and 

which it is difficult to get at and much easier to 

avoid. The boiler capacity of a works with furnace boilers 
is far in excess of its requirements ; in many cases three 
and four times as much boiler plant is used, in order, by the 
employment of an enormous area ni to reach heat 
that cannot on such a system be concentrated, to pick up 
the products, which I believe it would be as cheap to let go 
al her. The system is expensive, uncertain, unsafe, 
fin ting, out of control, and most erratic; their sole 
security consists in an excessive volume of water and a 
dwarfed area of steam ; the evaporation is slow, most ir- 
regular, and grossly imperfect, and the racking and riving 
action constant in the flues from the fluctuations of tem- 
perature and the violent effects of fierce heats on = 
ratively cold surfaces renders it a system to be discarded 
in the interests of economy if not as a concession to public 
safety. 


i 


(To be continued.) 


NOTES FROM THE SOUTH-WEST. 
Labour in South Wales.—At a meeting on Saturday of 
the men engaged at the New Tredegar Colliery, the sub- 
ject of the impending crisis in the coal trade was discussed, 
and a resolution was passed declaring the intention of the 
meeting to assist the men on strike inst a 10 per cent. 
reduction in in the Ogmore Valley. Other resolu- 
tions were to providing that every man should be 
levied on in the sum of sixpence, and every boy in the sum 
of threepence, the money so collected to be sent to Merthyr, 
and in the event of the directors of the Abernant and Ply- 
mouth Works not withdrawing their reduction, the meet- 
ing would do all in its power to support the workmen in a 
justifiable strike. 
Anthracite Coal for Marine Boilers.—In connexion with 
a recent visit of the Japanese ambassador to Pembroke 
Dock, it may be observed that a trial took place in the 
ce of his excellency, on board the Balmoral steamer 
of Swansea, of a patent ap tus for utilising anthracite 
coal as fuel for marine boilers. Since then, the Balmoral 
has returned from Pembroke Dock to Porthcawl, and has 
thence made a trip to Ilfracombe with passengers. The 
ow’ was made in a few minutes under two 
hours, being, it is stated, the fastest on record. The 
saving in the quantity of anthracite coal used as compared 
with other fuel, is said to be t. Among its advantages 
may also be mentioned ect freedom from smoke, an 
immunity the value of which is most apparent in connexion 
with ships of war, whose movements are too surely be- 
trayed by the long track of smoke which, under existing 
circumstances, they leave in their wake. 


The Steam Reserve.—An important Admiralty circular 
has been received at Devonport directing the whole of the 
machinery belonging to ships in the first division of the 
Steam Reserve to be rigidly examined every three months. 
This order, if fully complied with, will necessitate the 
employment of a large number of artisans on board the 
ships in question, and will entail a large outlay for stores, 
labour, and general supervision. 

Aberdare.—There is little to report with regard to the 
coal trade of this valley, except that the whole of the pits 
have kept steadily going. Even at Sguborwen Colliery, 
which has been slack for some time, the men have worked 
fall time. The present briskness is, no doubt, partially 
attributable to the extra demand caused by strikes in the 
English mining districts. 

The South Wales Coal Trade.—At a meeting of the 
Monmouthshire and South Wales Collieries Association on 
Wednesday, it was resolved to send a deputation from that 
meeting to the committee working the affairs of the Ply- 
mouth and Aberdare Iron Company, whose offices are in 
Cannon-street, London, to induce them to withdraw their 
notices to the colliers of a 10 per cent. reduction in wages. 
The committee, however, seem to consider that as they 
were no party to the arrangement by which wages to 
colliers rose and fell, according to the decision of the 
Sliding Scale Committee, they are not bound by it, and 
decline any interference from the Masters’ Association. A 
meeting between the committee belonging to the works and 
a deputation from the Masters’ Association was to bave 
been held in London on Tuesday, but the chairman of the 
committee was decidedly op to it, and no meeting will 
be held. It seems that no other course is open to the 
masters but to give notice on the 30th June that the award 
will be no longer adhered to, and that the Sliding Scale 
Committee will cease after the 3lst of December. The 
masters are bound to give the men six months’ notice of 
their intention to break through the award. It is, however, 
feared that many of the coalowners will be unable to remain 
idle for six months, as the Plymouth Company for six 
months will be able to send into the market 2000 tons a 
day at 10 per cent. less money than they can supply it. 


Cornwall Minerals Railway.—The transfer of the Corn- 
wall Minerals line to the Great Western Railway Company 
will probably have some little influence in extending the 
narrow gauge in Cornwall, as well as to lead to other im- 

rtant alterations. The idea of connecting the two lines 

y the present Mevagissey and Cornwall ilway from 
Burngullow, has, at all events for the present, been 
. Inits place a narrow gauge link will be laid 
from the p t Par station of the Cornwall to the Par 
station of the Cornwall Minerals line. As there are good 
workshops at the latter place a third rail will be laid from 
Par to Truro, in order that the narrow gauge stock of the 
West Cornwall Company may be brought there for repair. 
The of this will be that the jworks at Carn 
Brea will removed to Par, or, if no extra accommoda- 
tion is needed, it would be more correct to say that the 
work now done at Carn Brea will be done at Par. 














HYDRAULIC PUMPING ENGINE. 


CONSTRUCTED BY MESSRS. HATHORN, DAVIS, CAMPBELL, AND DAVEY, ENGINEERS, LEEDS. 
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Tue use of hydraulic pumping engines for draining dip 
workings is a practice which appears likely to be much ex- 
tended on account of the conveniences attendant upon it, 
and for this reason we believe that many of our readers 
will regard with interest the engine of which we annex 
engravings. This engine is one constructed by Messrs. 
Hathorn, Davis, Campbell, and Davey, of Leeds, for the 
Seaton Delaval Colliery, and it is proportioned for raising 
100 gallons per minute 60 ft. high, the water for working it 
being supplied under an effective pressure of 165 1b. per 
square inch. We some time ago (vide pages 247 and 250 
of our twentieth volume) illustrated and described the con- 
struction of the large hydraulic pumping engines made by 
the above-mentioned firm, but for “dip” workings a dif- 
ferent class of engine is required, engines for such workings 
having to be small and compact, so that they can be readily 
fixed upon a plank and carried forward as the working pro- 
ceeds. For such purposes Messrs. Hathorn, Davis, Camp- 
bell, and Davey have made a number of engines with slide 


valves of lignum vite, but it has been found that when the | 


water was muddy and the pressure heavy, such valves wore 
very fast, and hence Mr. Davey was led to design the ar- 
rangement of valves employed on the engine we now illus- 
trate. This arrangement has proved most satisfactory in 
its action. 

As will be seen from our perspective view, the engine— 
which drives a double-acting pump—is made with a piston 
and plunger, a constant pressure being maintained on the 
annular space in front of the piston, as that space is always 
in communication with the valve chest. The arrangement 
of the valves by which the water is admitted to, or released 
from, the other end of the cylinder will be best understood 
on reference to the sections Figs. 1 and 2. From Fig. 1 it 
will be seen that the exhaust valve is a hollow cylinder, 
and that the admission valve fits on a seat at one end of this 
cylinder, it being attached by a spindle to a piston fitted 
with a pair of cup-leathers as shown. This piston, it will 


be noticed, is of slightly larger diameter than a piston | 


formed on the exhaust valve. At the side of the valve 
chest is a small conical valve (seen in Fig 2), by which the 
space at the right-hand side of the larger piston in Fig. 1 
can be placed in communication either with the exhaust or 
with the space between the larger piston and that on the 
exhaust valve. The left-hand port in Fig. 1 communicates 
with the back end of the cylinder, and the parts are shown 
in the positions they would occupy just at the end of the 
forward stroke. The space on the right-hand side of the 
larger piston has just been placed in communication with 
the exhaust, and the pressure acting between the two pistons 
thus moves both the latter, with the valves, towards the 
right, and by so doing places the back end of the cylinder 
in connexion with the exhaust. 
on the annular space at the front of the main piston then 
causes the engine to perform the back stroke. At the end 
of that stroke the arm from the piston rod acting on one 
of the tappets on the tappet rod shown in the perspective 
view, partially rotates the small auxiliary valve at the side 
of the valve chest, and by so doing admits the water under 
pressure to the space on the right-hand side of the larger 
valve piston, at the same time closing the ication 
between that space and the exhaust. The result is, that 
the larger valve piston is placed in equilibrium, and the 
pressure acting on the piston formed on the exhaust vale, 
moves all the parts towards the left, thus first closing the 
exhaust valve, and then, by the pressure of the water on 
the right-hand side of the admission valve, opening that 
valve and admitting water to the back end of the cylinder. 





The water pressure acting | 












winchee 





The forward stroke is then performed, at the end of which 
the auxiliary valve is shifted into the position shown in 
Figs. 1 and 2, and the cycle of operations recommences. 

It will be noticed that both the exhaust and admission 
valves are single mitre valves and they are capable of 
working under the heaviest pressures. ‘The exhaust from 
the engine is discharged into the delivery pipe of the pump, 
and as this takes place only during the backward stroke 
the area of the plunger is, in designing these engines, first 
| determined and the area of the annular space is then ob- 
tained by the following formula : 

AP+Ap 
=P» 
in which 2 =the area of the annular space, P=the effective 
pressure of water working the engine, p=the pressure 
against which the pump delivers, and A=the area of the 
plunger. The efficiency of these hydraulic pumping engines 
| is, we are informed, from 70 to 80 per cent. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

The Miners’ Shirland Colliery.—On Friday last two 
| pieces of land and the land used for sidings, &c., in con- 
| nexion with the Shirland Colliery of the South Yorkshire 
| Miners’ Association, comprising altogether about 5 acres 
| 1 rood 20 poles, was sold by auction for 11001. The 
| colliery was bought some three years ago for 70,0001., and 
this is all the value the association is likely to get for its 
money. 

Launch of a Liner at Hull.—On Saturday last a fine 
vessel, the Otranto, was launched from the yard of Earl’s 
Shipbuilding Company at Hull. She is}owned by Messrs. 
| Wilson, Sons, and Co, and is intended for their American 
| line. The vessel is 305 ft. long ; beam 36 ft., depth of hold 
27 ft. 6 in., tonnage 2300 (builders’ measurement) and her 
| engines are of 200 horse power. She has been built for the 
| grain trade on special principles, whereby any shifting of 
cargo will be almost an impossibility. 

John Brown and Company (Limited), Sheffield.—The 
annual report of the directors of this company recommends 
a dividend of 74 per cent. out of the profit of 55,0001. for 
| the year, which will leave 26,0001. to be carried forward. 
| The new sinkings at the Carr House Colliery are progress- 

ing well, and the working of the seams is satisfactory. All 
repairs have been charged to revenue. The directors assert 
that the restricted hours of skilled labour still operate with 
disadvantage to this and similar concerns. 
Traction Engines—At the Barnsley Town Hall last 
| week, Mr. G. Senior, of Bewar Hall, was again sum- 
moned and fined 40s. and costs for using a traction engine 
the wheels of which were not in conformity with the Act. 
He was also fined 20s. for the non-consumption of smoke 
by the engine. The town council of Barnsley have re- 
solved to give the railway companies notice that their loco- 
motives must consume their own smoke whilst within the 
borough. 
| ANew Colliery at North Wingfield.—Coal has now 
been reached at the new sinkings of the North Wingfield 
| Colliery Company, near the village of that name. At the 
| adjoining pits the seam known as the ‘“‘ell’’ coal is only 
| about 2 ft. 3 in. thick, but at this new colliery the seam 
| is said to be good and clear and 5 ft. 3 in. thick. 
The Midland Scotch Ezpresses.—It is stated that on 
| and after July Ist the Midland Company will run their 
Scotch expresses over the old main line between Masboro’ 
and Chesterfield, and that, by ceasing to stop at Trent and 
Sheffield, about 25 minutes will be saved on the entire 
journey. The only stoppages will be at Leicester, Nor- 
manton, Skipton, and Carlisle. 
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SHAPING AND MOULDING MACHINE. 


CONSTRUCTED BY MESSRS. RICHARDS, LONDON, AND KELLEY, ENGINEERS, PHILADELPHIA. 


We give above an engraving showing one view of 
what is technically called a “shaping machine” for 
woodwork, from the designs of Mr. J. Richards, and made 
by Richards, London, and Kelley, engineers, Philadelphia. 

These machines are so well understood that no de- 
tailed description is required. The machine shown has 
no new or novel feature, but is given as a good example 
of its class. 

The spindles with their bearings are made perfectly 
accessible by being mounted on a central standard, while 
this form of framing also avoids obstruction to the feet 
of an operator, who in leaning over the table required to 
advance his feet proportionately beneath. The standard 
is employed as a cupboard to preserve cutters, collars, or 
other details, of which a large number are required with 
a machine of this kind. The spindles are adjusted 
vertically by means of the detachable key shown on top. 








AUTOGRAPHIC TESTING MACHINE. 

WE reproduce from the Scientific American the latest 
and most complete form of Professor Thurston’s machine 
for testing the strength, elasticity ductility, resilience, and 
the homogeneity of metal. The material is tested by 
twisting, by which is obtained a great range of distortion, 
and the most favourable treatment for revealing all the 
characteristics of the test piece. The latter is placed 
between two independent jaws, one of which is rotated by 
means of an arm in the simpler styles, and in the one here 
illustrated by a worm L and gear M. The force thus 
applied is transmitted through the test piece to the other 
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jaw, from which depends a weighted arm or pendulum B. 
The resistance offered by this pendulum to the force tend- 
ing to deflect it from the perpendicular, causes that force 
to react upon the test piece and produce distortion and | 
fracture. The angular position assumed by the pendulum 


is a measure of that force. A pencil is to the pen- 
dulum and is moved when the latter is thrust forward in a 
direction perpendicular to the plane of rotation, by its 
contact with a guide curve F fastened to the frame of the 
machine. A cylinder G is secured to that jaw which is 
moved by the gear wheel. The cylinder and the pencil 
have precisely the relative movements of the two ends of 
the test piece, so that the length of the curve, automati- 


cally described by the pencil upon a pa wra; about 
the cylinder, becomes a measure of the degree of distortion 
or of the ductility, and its height measures the resistance 


offered by the material. The material thus tells its own 
story, these elements recording themselves simultaneously 
and continuously from the initial point to the point of final 
rupture. The made by the machine show to the 
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eye at a glance the nature of the material tested, and are 

very characteristic. The strength of the material is 

py ng on the diagram with a pocket rule or a pair of 
viders. 

These machines are in use for the tests and researches 
carried on in the Mechanical Laboratory of; the Stevens 
Institute of Technology, and have m supplied to the 
United States Navy Yard at Washington, to the Russian and 
Japanese Governments, and to some of our leading rail 
roads, iron manufacturers, and scientific institutions. The 
machine illustrated was designed and made entirely by the 
students of the class of 1876 of the Stevens Institute of 
Technology, and was exhibited by them at the Centennial 
Exhibition. It is being introduced in this country by 
Messrs. William H. Bailey and Co., of Salford. 





ROOT’S MINE VENTILATOR. 
On Root’s Mine Ventilator, and other Applications of 
Root’s Blower.* 
By Mr. E. Hamer Carsutt, of Bradford. 
(Concluded from page 472.) 

: ng og = —- = , this tem yt is vee 
in Table III. (see ante) ; and for the purpose 0 
comparison, the following particulars are sapselnasd from 
the paper on mechanical ventilators for mines by Mr. 
Daniel at the meeting of the Institution in November, 
1875, the lowest as well as the highest results being given 
in the case of the Root’s and the Cooke’s ventilators, and 
the highest alone in the case of the others. 





is description of blower is attached 

a portable forge, and a working portable f fitted with 
the blower is shown ; these forges are lusively used 
in out-door work by smiths and boiler-makers for re- 
pairs, and by country blacksmiths instead of the old- 
ashioned and clumsy bellows. The three small 

exhibited fitted with mstructed simi 


Ey 


tion the pistons can be made lighter than cast-iron pistons, 
and thus take less power, run more quietly, and at twice 
the speed of the iron pistons. It will be noticed in the 
sectional model that the rotary pistons work very nearly 
in contact ; the thickness of a sheet of paper is the only 
clearance that is allowed, and in order still further to redace 
the clearance a frictionless composition is applied with a 
brush evenly over the surface of the hollows of the rotary 
pistons until every portion of the pistons is shown to be in 
contact. This composition is of the consistency of ordinary 
paint, and also answers the purpose of preserving the 
wood. The wood used is the finest selected deal, free from 
knots, thoroughly seasoned and dried for three years. 
are secured upon malleable cast crossheads with bolts, 
which for security have the bolt ends rivetted over the 
nuts. At the joints of the wood is inserted an iron 
tongue, which runs the whole le of the joints. The 
end plates are planed, and bosses are provided, which are 
and fitted with hard gun-metal bushes, forming the 
bearings for the steel shafts ; these gun-metal are 
long, with considerable area of ing surface, can 
be easily =e when worn out. The side plates of the 
casing are cylinders, cast separately, planed on the 
flanges, bolted to form a circle, and then bored out as ac- 
curately as a steam-engine cylinder ; the side plates and 
end plates are connected together with fitted bolts. The 
outlet branch is fixed in most cases at the bottom, and a 
perforated box cover is fixed at the top to admit the air 


and to prevent anything else entering the machine. At 


























P Air per Water | Revolutions Useful 
ar | Ventilator. | Minute. | Gauge. | per Minute.| Effect. 
| Diam. Width. | cubic feet. in. per cent. 
i ft  %. 74,928 > 13 76.85 
Root Chilton ... 25 by 18 gs as > = 
ae — 21 51.40 
iit Lofthouse =» wwe | «8 WE {8B | TOD = oe 
‘ooke oo 88. 8.25 27 61.18 
Upleatham ove eee 22 ” 114 | 190,816 1.56 29 58.50 
Waddle ... Aberaman oo = otsi(ii ee | OS yy ,504 1.60 44 47.10 
Rammell ... Cannock Chase ... ee a ee 4230 2.10 55 41.02 
Leeds Fan .. Morley Main ... * ove 40 ,, 10 141 ,534 1.80 44 87.92 
f Porsiey Wood ... a age eee 900 0.90 53 50.41 
Liverton .. , me 36 ,, 12 121,688 2.55 51 48.85 
Guibal Hilda « 50 ,, 12 116,792 2.63 36 45.81 
Skelton ... * ove 30 ,, 10 52, 0.50 28 45.64 
{ ob | 90,, 10 56,072 1.40 43 40.66 
This comparison shows that the of Root’s blower | each end, outside the casing of the blower, is fixed a pair 
uhen cuaglaped as an exhauster is in pt of any of the | of accurately pitched spur wheels for gearing the two pistons 


previous mechanical ventilators, and in the writer’s 
opinion this would be a decided advantage in the case of an 
explosion. When the air-doors become disarranged, the 
ventilation of the mine is interfered with at the moment 
when it would be of the greatest service, and this owing to 
the limited power of fan ventilators, which can only be de- 
pended upon up to about 3 in. water gauge; but in a case 
of emergency with a Root’s ventilator similar to the one 
described, the machine could be instantly driven at its 
maximum power, and would speedily clear the workings of 
the choke-damp, fire-damp, or after-damp. Since ex- 
plosions cannot always be psy it is of importance 
that the deadly gases should be drawn out in the shortest 
possible space of time and replaced with pure air, and from 


* Paper read before the Institution of Mechanical Engi- 
neers. 

+ We are requested to state that Root’s arrangement of 
mine ventilation has been ado at Chilton at the instiga- 
tion of Mr. Jno. Lancaster, of Rugby, one of the proprietors 
of the South Durham Coal Company, and that the ventilator 
engines have been arranged under the direction of Mr. 
Jas. Burrows, Wigan, consulting engineer to the South 
Durham Coal Company, who extensive collieries in 
which other systems of ventilation are in operation. 








together, which are covered in with iron boxes. Upon the 
iron box is fixed a cover | mage pirerey with gun-metal 
bushed bearings for the shafts, and outside of these covers 
are fixed the driving pulleys on one end of one shaft and 
on the opposite end of the other shaft, a crossed and open 
belt from a countershaft being used for driving ; and out- 
side the driving p 8 are additional gs to 
take the pull of the ie belts. All portions of these 
machines are made in duplicate, and the wood-covered rotary 
istons are accurately shaped to templates by a specially 
i wood-p. machine ; the ori method of 
-shaping the revolvers, which was at first tried, could 
not be depended upon to produce the rotary pistons quickly 
and with sufficient accuracy. 
A duplex engine connected to o Monee baa enenee 
designed for drivi opposite directions. It 
consists of a s' o crosshead gnides and 


two shafts in 
with the tw 
upon the 


crank-pins fixed into 
keyed upon the rotary piston shafts. The two 
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n 
shafts is keyed 
‘ from one shaft the valve of the engi 
direct with an eccentric. The engine and blower are 
mounted upon a cast-iron bedplate ; and the whole forms 
a compact arrargement, —— with driving belts and 
counter shafting, and the speed of the engine and blower 
by the stop-valve, just in proportion to the 

work to be done. 


A chemical blower and exhauster is specially constructed 
for yes’ process for the manufacture of sulphates, 
where the gas to be moved is heated to a temperature of 
300 deg. Fahr. The rotary pistons are of cast iron, and 
are shaped to the correct form. To retain the heat, the 
casing of the blower is covered with the composition used 
for i i If the rubbing parts of the 
machine were allowed to attain-the temperature of the gas 

t h it, a very rapid wear would take place ; but 
tists Srovi for b ing the shafts revolvein gun-metal 
bushes fixed in hollow brackets, through which a current 
of cold water is kept running slowly, so as to keep down 
the temperature of the brasses; from the position of the 
inlet and outlet holes in the brackets the water has little 
cooling effect on the casing of the blower. Stuffing-boxes 
are not required im this case, as the 
air that leaks through is of no practical importance, and 
there is no tendency for the gases to leak ou unless 

resistance is d upon the exit side of the blower. 

iron pistons and casing of the blower are not injuriously 

acted upon by the gases, so long as the temperature is suffi- 

ciently high to retain them in a gaseous state; and the 

blower receives no more injary than it would by moving 
the same volume of atmospheric air. 

In the gas exhauster the casing is made upright, with 
the inlet opening at one side and the outlet at the opposite 
side. The special features in this machine are that the 
rotary pi = hy eo - iron tooled oa ee Ae : 
shape t: space for the tar to oo withou 

ing the working. The shafts work in adjustable 

bearings outside the end plates of the casing, with a space 
between these bearings and the end plates, which prevents 
tar from working into the bearings and the spur gearing. 
The packing strips for securing the close fitting of the 
pistons are made adjustable in the casing of the 
abe The capacity of the exhauster here shown is 
30 cubic feet, and it is driven at 60 revolutions per minute. 
These exhausters are also fitted up with an ordinary 
verti illar engine, geared direct upon one of the ex- 
hauster ts, the engine and exhauster being fixed to one 
bedplate. They have not been used to any great extent in 
this country ; but in America they are being extensively 
reference to exhausters that have sliding or 


ted, in 
raping rt ed in all 


aces exposed to the tar. 

+ will be observed that cogwheels ae 
the modifications of blowers described, and that these 
wheels play the important part of maintaining the rotary 
pistons in their proper relative positions in revolving ; and 
20 long as the pistons can be thus maintained there will be 
an absence of internal friction, and the friction of the 
machine is confined to the shaft bearings and the cog- 
wheels. Hence the importance of providing large wearing 
surfaces that can be easily renewed, and of having 
acourately pitched wheels ; at attention has been 
bestowed upon these , and the blowers as now made 
are noiseless oonal can those made at an earlier date. 

In fitting up blowers either for forcing or for exhausting, 
care has to be taken that the air-conducting pipes and 
shut-off valves are perfectly tight; and an escape valve 
should be fixed {upon the air pipes to relieve the blower 
from too great an increase of pressure of air caused by the 
closing of the shut-off valves while the machine is in opera- 
tion. From experience the writer considers that a pres- 
sure of air equal to a 12 in. column of water is sufficient 
pressure for smiths’ fires ; and the result of experiments 
is that Root’s blower at this pressure utilises from 50 to 70 
per cent. of the power expended in driving it. For melt- 
ing iron in the cupola, a pressure of air equal to a 20-in. 
column of water is requisite to secure economical results ; 
andat this pressure the blower utilises from 60 to 80 per 
cent. of the power expended. 

The maximum s of these blowers with wood-covered 
rotary pistons is from 300 to 400 revolutions per minute, 
and with iron rotary pistons from 100 to 250 revolutions 

minute, and it will be noted that these speeds are mo- 
p ern when compared with the speeds of fans to produce 
the same pressures of air. 

This blower has also been applied to move a large volume 
of air at slow velocity by taking advantage of the injector 
principle, as follows : The blower forces a jet of air at 

uick velocity into a large annular funnel-shaped opening ; 
the consequence is that the current of air from the blower 
draws along with it at a slow velocity from four to eight 
times the volume of air that is delivered by the jet from 
the blower ; and this arrangement has been snecessfully 
carried out in drying machines and for Yent'lation. 





Frencn Ockan StTeamMine.—The distance 
now run annually in the Mediterranean by the steamers 
of the Me ries Maritimes is 146,553 marine leagues ; 
in the hinese seas (between Marseilles, Shanghai, 


and Yokohama), 221,077 marine leagues; and in the 
Atlantic Ocean (between Bordeaux, Brazil, and La 
Plata), 99,552 marine leagues; making an eo of 
467,183 marine Previously to July, 1876, the 
corresponding distance run annually was 423,973 marine 
leagues ; the augmentation of 43,209 marine es has 
ocourred almost entirely in the Transatlantic lines of the 





THE MINERAL WEALTH OF JAPAN.* 
By Heney S. Mowgosg, E.M. 
(Continued from page 431.) 

Ikuno Silver Mines—Asako i, Hiogo ken. These 
were, at one time probably, the richest silver mines of the 
country. They were opened about hundred years 
ago, and at the inning of this ry gave employ- 
ment to some four thousand minerst. ' As the workings 
became deeper, the ore was found to He harder and more 
difficult to smelt, and the was reduced, 
so that in 1869 only 500 men were . Tt is at 
present worked by the Mining Office)* is under the 
superintendence of M. Coignet a “s staff of 
assistants. Mr. Nakano, my assistant, visited this mine 
last year, and the following description is based on his 
notes and on information derived from other sourees =f 

The ore is calcite and quartz (?), containing silver mainly 
in the form of argentite, and occurs im’veins 1 ft. to'3 ft. 
thick, traversing voleanic (?) rock. “Associated with the 
ye specim: nl gg mines coll silver, and 
native copper, biende, ena, Co ‘ iron pyrites, 
malachite, smithsonite, and@ther a 

The ore varies in richnes# from w few ounces to 30 oz. 
ormore tothe ton. Asit mine it is sorted, 
and the richer portions tréated se: . Some of this 
rich ore is reported to yield'‘as mu 1500 oz. to 180002. 
to the ton. : 

The bullion produced contained 70 - cent. of silver, 
10 per cent. of gold, and 20per cent. of base metal (copper). 
At the present value of silver, this bullion would be worth 
about 2.85 dols. per ounce. 

About half a million dollars have been invested in ma- 
chinery. The ore is stamped dry, in a mill said to be 
capable of treating 50 tons per day. This is only partially 
finished, and not Pa running at full capacity. The stamped 
ore is roasted with salt, and the silver extracted by barrel 
amalgamation. A part of the ore seems to be treated by 
a dry _—— as I find mention made of smelting works, 
possibly Japanese. About 500 miners are employed, and the 
expense of running the mine and mill is variously reported at 
from 15,000 dols. to 30,000 dols. per month. The accounts 
of profits are also vee epawar, L but there seems to be no 
reason why these should not be large when the works are 
fairly started. The product of these mines in 1874 was 
8236 tons of ore (of 2240 lb.), but only about 62 tons 
were treated, yielding 1410 oz. of bullion, 1269 oz. of which 
was silver and 141 oz. of gold.§ 

In June, 1875, at the time of my assistant’s visit, the 


monthly yield was said to be 4416 oz. of bullion, showing a | al: 


large increase of production. 

Serigano Silver Mines—Takaki k6ri, Kagoshima ken. 
These mines are owned by a Japanese company, and are 
entirely under Japanese management. The working of 
them is chiefly interesting as showing how foreign methods 
may be adapted to the wants of the poorer mines of the 
country. 

There are here three quartz veins, running about north 
5 deg. east a metamorphic rock, and dipping towards 
the south-east 30 deg. to 36. deg. The largest of these veins 
varies between 2 ft. and 4 ft. in thickness; the second is 
2 ft. to 34 ft. thick ; and the third is smaller, though the 
exact dimensions are notknown. In the largest vein there 
are usually two seams of ore, one near either wall, each 
averaging | ft. in thickness. In the second vein there is 
but one'such seam, from ,'; ft. to 2 ft. thick. The third vein 
is not now worked. 

The ore is cellular quartz, stained black by oxide of 
manganese, containing silver as sulphide. The vein rock 
is quartz, sometimes white and massive, and sometimes 
cellular and stained black, like the ore. The ore averages 
2} oz. of bullion per ton (of 2000Jb.). This bullion con- 
tains one-tenth of gold, and would be worth, at present, 
about 3 dols. per oz., making the value of one ton of ore 
about 7 dols. 

This very poor ore is treated in a rude stamp-mill and by 
barrel amalgamation, the process being modelled after 
that used atIkuno. The ore is first crushed in two stam 
mills of eight stamps each, run by water power. e 
stamps are of wood, shod with iron, and are (quite light. 
The mortar is also of wood, with a small iron anvil in the 
bottom. The united capacity of these mills, when in good 
working order, is about 14 tons of ore per day; but the 
average amount treated is little more than one ton. 

The crushed ore, sifted by hand through forty-mesh 
sieves, is roasted with salt, about 14 per cent. by volume, in 
shallow cast-iron s. This roasting is continued for six 
hours over a w fire. The ore is then cooled, transferred 
to barrels and a: ted with a few pounds of mercury, 
one-half per cent. by weight of the ore treated. The 
barrels are revolved at a moderate speed from twelve to 
eae he _ the c is oe - 4 a settling 
tank. nally, the mercury is separa om the amalgam 
by straining and squeezing through several thicknesses of 
Japanese paper. The whole process is rudely, but still 
fairly well condueted, and I was able to suggest but few 
eo 

he yield of the two mills is about 3 oz. of bullion per 
day ; but on account of frequent stoppages for repairs, the 
monthly product averages only 72 oz. 

Gold.—According to Japanese historians, gold was first 
found in Japan in the year 749, A.p., about eighty years 
after the discovery of silver. ‘When we consider the fre- 


*A paper read before the American Institute of. Mining 
me Reprinted from the New York Engineering 
and Mining Journal. 

+ International Exhibition, 1876, Official Catalogue of 
the Japanese Section, page 41. 

T An excellent account of this mine was given last year 
in the Hiogo News. 

§ International Exibition, 1876, Official Catalogue of the 
Japanese Section, page 41, 








quency with which gold is brought to view in grains or 
nuggets by the natural action of running streams, and the 
ease with which it may be obtained by gravel washing, 
while silver, on the other hand, but rarely occurs native, 
and requires a complicated metallurgical process for its 
separation, this commonly received statement, that gold 
was discovered at so late a date and after the discovery of 
silver, is certainly open to doubt. 

During the ninety years in which the Po: exported 
gold from Japan in such large quantities, the gold mines 
must have been taxed to their utmost to keep up the supply. 
This export averaged three and a third ions of dollars 
— and with the most ample allowance for the supply 
ived from the hoarded gold of centuries of non-inter- 
course, the annual yield of the mines must certainly have 
been more than two millions. It is also probable that the 
mines reached their maximum of production during this 
time, forso great a demand must of necessity have stimu- 
ner the supply. Indeed, we find partial confirmation of 
thi 


supposition in the steady increase for a long period of 
the amount ex , which at one time reached the sum 
of 12 million do! for a single 


ear. 
From oar present knowled of the character of Japanese 

d , it is evident this great yield was ob- 

m placer workings. These being s w and of 

small extent, were quickly exhausted, and the attention of 
the miners was them turned to the quartz veins, which 
thereafter yielded small but constant returns. When, how- 
ever, the imperial edict of 1671 pat a stop to the exportation 
of bullion, this exhaustion of the placers had hardly begun 
to show itself, for the annual exportation of the Dutch 
between 1649 and 1671 averaged nearly three millions, but 
little less than that of the Portuguese in the previous 


century. 

The yield of gold in 1874 is estimated by Mr. Godfrey at 
100 kan, about 12,000 oz. troy. From this we see that 
there has been a great falling off in the production of this 
metal. 12,000 0z. are worth but about 250,000 dols., a 
very small portion of the average annual export of former 
times. 

Gold occurs in about one-half of the ken and fu of Japan ; 
but in most cases the deposits are not now worked. e 
records of the Mining Office show that its were 
granted in 1874 for the working of 58 gold mines. .Of these 
mines I can learn of but six, worked solely for gold, which 
produced notable amounts of bullion, and of the six three 

ther produced, in that year, but 500z. Most of the 
gold now comes from mines worked for silver. Five such 
mines have already been described. Mines producing gold 
one are, as a rule, not worth working. 
Gold occurs in Japan in quartz veins and placer deposits, 
as well as in association with silver and other ores, as 
already described. The placer deposits are generally of 
fluviatile origin, and the gravel beds are fin and of 
limited extent. They are often found covering theterraces 
of the river valleys. These placer deposits are uniformly 
poor. The richest gravel found in Yesso yielded less than 
7 cents to the cubic yard ; while the average of even the 
best field was only 54 cents. From information gathered 
from various sources I infer that this is about the usual 
richness of similar deposits—even the most celebrated—in 
other parts of the country. 

The quartz veins, asa rule, are also very poor. Rich 
quartz is found only in small and thin deposits. The usual 
yield is about one-third to one-half an ounce (7 dols. to 
10 dols.) tothe ton. In exceptional cases the yield 
may be as much as 90 dols. or 100 dols. ; but the veins are 
then so thin that the extraction of the ore becomes very 
expensive. 

‘The methods employed in the separation of gold from the 
quartz of the veins and from the gravel of the placer de- 
posits are exceedingly interesting. The method of extrac- 
tion is, in either case, pert mechanical. The gold-bear- 
ing quartz is first crushed, and then ground with water, 
repeatedly and in small quantities, between heavy mill- 
stones moved by hand, until reduced to an impalpable slime. 
This, as it issues from the mill}; is ely diluted with 
water, and conducted over a series ‘of short and narrow 
boards covered with numerous diagonal saw-cuts. These 
boards, which collect/the gold and othe? heavy metals very 
perfectly, are frequently cleaned ina tank; and the con- 
centrated material so collected fe washed with great care 
= skill on oe board or sect tabby tn tuto - 

ccording to caréful@xperiments ie r. 
Government 





Carlyle while in ¢ “of one of the - gold 
mines, this sapiens bern Ser p ofthe ore, 
65 per cent. of thew and “the ir the 
slimes yields ‘15 to 20 peré 6 the 
material is considered ‘bythe Japanese d, it 
is treated a third time’ by thesame proéeéss'; bringing the 
proportion of gold saved to fully 90 per cent. of the assay 


value. 

The method of washing employed in the working of the 
gravel deposits has 'y been described in my on 
the gold fields of Yesso. Briefly, it is as follows: Ditches 
are cut from convenient streams in such a way that the 
water flows over the bed rock through the gravel deposit. 
A certain quantity of gravel is brought into the ditch by 
undermining the teak. The larger stones are carefully 
washed by hand and thrown out of the ditch, and the 
smaller ones separated with the aid of proper tools. The 
rapid current at the same time washes out the clay and 
fine sand, leaving a bed of fine gravel only in the ditch. 
When this has reached a thickness of about one foot, two 
or three small straw mats are placed side by side in the 
bottom of the ditch near the head of the working; and the 
gravel, a little at a time, is hoed carefully over them. As 
the gravel is swept over the surface of the mats by the 
force of the current, the heavy gold and the iron sand sink 
between the thick twisted strands of straw, and are 80 
retained. From time to time the mats are moved a few 
feet down stream, and the new material, exposed by their 


removal, is hoed over their surface in the same manner until 
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finally all the gravel has thus been several times subjected 
to treatment. During the operation, the mats, as they 
become charged with gold, are taken from the stream and 
others substituted. ‘The concentrated material collected 
by the mats is finally washed with great care on the ita, 
or washing board, for the separation of the gold. 

Gold Fields of Yesso.—A description of some of the Yesso 
gold fields, condensed from my report to the Government, 
will serve to illustrate the gente character of the placer 
deposits of Japan. Gold-bearing gravel is found on the 
island in many of the river valleys, apparently divided in 
every case from the metamorphic strata of the immediate 
vicinity. These deposits in each of the more important 
fields are found in the wider portion of the valley, where 
the river passes through some soft and easily eroded 
formation, and where a large reservoir has thus been 
formed to receive the gravel. Where the valley is wholl 
in metamorphic strata, it is, asa rule, quite narrow, an 
the deposits of gravel, though perhaps not poor, are of 
little value use of limited extent. Again, where in 
the gold regions the valley is entirely within the limit of 
the soft strata, the gravel will be composed chiefly of 
kg of sandstone and shale, and will contain little or 
no gold. 

These auriferous gravels everywhere afford unmistakable 
evidence of having been deposited in running water ; and 
the direction of the old current, which can usually be deter- 
mined from the position of flat stones in the beds, coincides, 
— a rule, with the general course of the present river 
valleys. 

The most important gold field of Yesso is the upper 
valley of the Toshibets river, in the province of Iburi. The 
river here passes through the Toshibets series of clay, 
rocks, and tufas, and the valley is wide and deep. The 
gold occurs in the river gravel, and the deposits extend for 
a distance of five or six milesalong the valley. ‘The hills on 
either side are 800 ft. to 900 ft. high, and 1000 ft. to 1200 ft. 
above the sea. 

The bottom of the valley lies in three or sometimes four 
terraces, which are about 12 ft., 40 ft., 85 ft., and 260 ft. 
respectively above the level of the stream. Each of these 
terraces is underlaid by clay rock, and represents a former 
bottom of the valley. They are covered by beds of gold- 
bearing river gravel, which are usually 9 ft. to 12 ft., but 
sometimes. as much as 30 ft. or 40 ft. in thickness. The 
gravel in turn, is covered by yellow sand ani loamy silt, 
usually only a few feet in thickness, but in the case of the 
highest terrace fully 50 ft. 

he gold is found to be concentrated in the lower layers 
of the gravel beds and next the bed rock. This concentra- 
tion is probably due to the repeated stirring and re-washing 
of the gravel as the old river shifted its bed from one side 
of the valley to the other. The richness of the gravel also 
increases very perceptibly as we ascend the stream — indi- 
cating the probable source of the gold. Numerous tests 
were made in different parts of the field by a modification 
of the Japanese sathet of gold washing. In each case 
several cubic metres of vel were treated. These tests 
yielded from 68 to 136 milligrammes of gold per cubic metre 
of gravel washed, representing a richness of 3 to 6 cents 
per cubic yard. ‘The average value of the gravel, for the 
whole field, would seem to be about three and three-fourths 
cents per cubic yard; and for the upper and more produc- 
tive part of the valley, perhaps five and two-thirds cents. 

On the Musa river, in Oshima province, is another large 
a. similar to that of the Toshibets, but much poorer. 

he upper valley of the river is in metamorphic strata, and 
is quite narrow and deep, the hills on either side being 
several thousand feet high. The lower valley is in the 
soft strata of the Toshibets and Chingkombe groups—clay 
rocks and shales—and is quite wide, and surrounded by 
low hills. The transition from the narrow ravine to the 
broad valley is very abrupt, and marks sharply the line of 
junction between the hard and soft strata. 

The gold field comprises the upper five or six miles of the 
broader portion of the valley.’ The gravel covers the 
terraces and the bottom of the valley in regular beds 
averaging 8 ft. in thickness—varying Lebweon 5 ft. and 
13 ft. in different localities. As on the Toshibets, the gravel 
beds are everywhere. covered with sand and silt, 3 ft. to 
10 ft. thick. The gravel is composed of pebbles of meta- 
morphic rock ; and, from its composition, seems to have 
been derived from the similar metamorphic rocks of the 
upper valley. 

The results obtained from the washing of over a 100 tons 
of gravel from many different localities, show the field to 
be very poor. The richness of the gravel varies between 8 
and 32 milligrammes to the cubic metre ; though in one 
case we obtained 146 milligrammes. Omitting this excep- 
tional result, the gravel steadily decreases in value from 
the upper end of the valley to the lower. The average 
richness is about 16 milligrammes to the cubic metre, or 
but three-fourths of a cent’s worth of gold to the cubic yard. 

Near Esashi and near Matsumai, in Oshima province, 
and near Kudo, in Shiribeshi province, are small gold 
fields ; but these are even poorer than the Musa field. 
Near Uragawa, in Hitaka province, and extending thence 
to the Tokachi river, in Tokachi province, is a large gravel 
formation, probably covering an area of over a 100 square 
ae in some places contains gold, but in infinitesimal 
quantity. 

The remains of old workings are to be seen in all these 
localities ; and it would seem that in former times the Musa 
and the Toshibets fields must have been extensively worked. 
Indeed, there is a tradition that about the year 1205 a.p., 
a party of several hundred miners from Chikuzen, a province 
of Kinshiu, came to Yesso, while the island was still in the 
hands of the barbarous and warlike Ainos, and worked the 
gold deposits of the Musa valley and other places in the 
vicinity. From data obtained in our survey of the Musa 
field, it appears that these old gold washers must have 
obtained about 21,000 dols. worth of gold from that locality 
alone ; and, as they remained on the island 13 years before 





por A ee massacred by the Ainos, they must have secured 
quite large amounts of the precious metal. . 

From the.extent of the old workings ofthe Toshibets, 
this field also must, in former times, have yielded much 
gold ; but there is, in this case, neither record nor tradition 
of the old workers. The Toshibets field was, however, 
worked ina small way about 12 years ago by the Govern- 
ment of the Shégun. A few men only were employed, and 
the total yield was quite insignificant and hardly paid the 
expense of working. 

(To be continued.) 








FOREIGN AND COLONIAL NOTES. 


The St. Gothard Tunnel.—An international conference 

comprising representatives of Switzerland, Germany, and 

ly, is to assemble at Berne towards the close of thie 
month with reference to this great work. 

Tophaneh.—Much activity is being displayed. in the 
arsenal and all the works of the Turkish Artillery Depart- 
ment of Tophaneh. The hands are busily engaged night 
and day. 

American Coast Surveys.—The United States Coast 
Survey Office is now fitting out two parties to complete the 
survey of the coast of Maine. The first party will be under 
the command of Lieutenant Moser, of the United States 
Navy, on the steamer Endeavour ; and the second will be 
commanded by Lieutenant Hawley, of the United States 
Navy, on the schooner Ernest. 

American Agricultural Implements.—Three shipments 
of agricultural implements have been made from New York 
to Russia. These shipments will be necessarily suspended 
by the Russo-Turkish war, but the Russians engaged in 
the business do not think that further shipments will be 
long delayed, as in their opinion the war will be a short 
one. 


Australian Telegraphy.—Information has been received 
at Adelaide to the effect that the overland telegraph line 
now in course of construction between Adelaide and Perth, 
has been completed to within 100 miles of the boundary 
line between South Australia and Western Australia. 


Spanish womaaer  wy Spanish Cortes have rejected 
by 51 to 34 an application for a concession of a new direct 
line from Madrid to Barcelona, passing through the pro- 
vinces of Cuenca, Teruel, and Tarragona. 


Steel Rails in the United States.—The directors’ of 
the Philadelphia, Wilmington, and Baltimore Railroad 
Company make the remarkable announcement that 
contracts for steel rails to be delivered in the. course 
of this. year have been let by them upon terms 37} 

r cent. below the rates current for iron rails in the 

nited States in 1868. The company laid 785 tons of steel 
rails in its main stem in the year ending October 31, 1876. 

The Poughkeepsie Bridge.—Work is proceeding syste- 
matically ia pats. et A with the laying the foundations for 
the Poughkeepsie bridge. Experiments with different 
kinds of hydraulic cement have been made, and a contract 
for 80,000 barrels has been awarded to some parties in 
New Jersey. 

Timaru and Oamaru Railway.—After leaving Timaru, 
this new line in pt any oan of Canterbury, New Zealand, 
passes for some miles a cuttings, with occasional 
glimpses of the sea on one side and downs on the other. 
The country is sparsely settled, but the soil is evidently fine. 
After passing Otaio, 14 miles from Timaru, the view of the 
downs with the western ranges in the background is ex- 
ceedingly picturesque. Near Awamoko junction, six mi 
from Oamaru, the country again becomes undulating, and 
the sea once more comes into view. A branch line ex- 
tends from Awamoko up the Waitaki valley to Duntroon, 
a distance of 22 miles. Oamaru has now a population of 
upwards of 5000. 


Steel Rails in the United States.—The American 
markets for steel rails have ruled steady and firm. No 
important fresh sales are reported, but several of the lead- 
ing mills have some considerable contracts on hand. The 
average a is about 49 dols. per ton currency at the 
mills. e leading American rai companies are now 
almost entirely using steel rails. 


A Great Russian Railway.—The Russian Government 
has approved a proposed line from Orenburg to 
Asia. The length of this great line will be upwards of 
1300 miles. We are not very clearly informed at present 
when the works are to be commenced. Probably they will 
not be undertaken until Russia has disposed of its new 
Turkish war. 


Rolling Stock on the Eastern of France.—At the. close 
of 1876, the Eastern of France Railway Company: owned 
878 locomotives of various types, 784 tenders, 2380 pas- 
senger carriages, and 21,657 goods trucks. The company 
has lately rebuilt 27 locomotives, 72 tenders, 75 carriages, 
and 474 goods trucks. 

The Zuwyder Zee.—The Dutch Government has submitted 
to the States-General a project for filling up the southern 
part of the Zuyder Zee, comprising an area of 392,000 
acres. A canal from Amsterdam to the Rhine provinces is 
included in the project. 

Marseilles Docks.—The revenue of the Marseilles Docks 
and Warehouses Company amounted last year to 293,693. ; 
the working expenses every description having been 
173,9641., the net profits realised for 1876 were 119,6291. 

Canal Propulsion.—An appropriation of 5000 dols. has 
been made by the local ture to enable Mr. H. H. 


rail is to be elevated is to act in connexion 


tral | 864,100 





with cogwheels and an in ive engine placed on each 

; boat as a substitute for horses, The machinery is 
— and a model which has been exhibited has worked 
well, 


The Paris Exhibition—Work on the Palace of the 
Trocadero—the Paris Exhibition building—is expected to 
in 


be kg oe by the close of October. The 

which the French display of machinery will be made be 
700 yai long by 36 yards wide. A 500 horse power 
engine will furnish the motive force. 


Turkish Ordnance.—According to a French computa- 
tion, the Turks have 468 cannon with their troops in 
Europe, and 372 cannon with their troops in Asia, giving 
an aggregate of 840 guns. 

The Coal Production of the World.—The coal production 
of the world is now estimated at 273,000,000 tons. In this 
total Great Britain figures for 133,000,000 tons ; the United 
States for 46,500,000 tons ; for 45,645,000 tons ; 
France for 16,950,000 tons ; Belgium for 14,400,000 tons ; 
and Austria and Hungary for 10,400,000 tons. The pro- 
duction of other countries is comparatively trifling. 


American Locomotives.—The Schenectady Locomotive 
Works, at present edon an order for 25 locomotives 
for the New York Central and Hudson River A 
have recently discharged 150 men. This was done in order 
to accommodate the railroad company; which only wants 
to have the engines delivered at the rae of five per month. 
The works are still employing 150 men. The Rogers Loco- 
motive Company of Paterson, New Jersey, have py a 
small engine for use in the mountain districts of Peru. 
The same company has purchased eight locomotives from 
the New Jersey and New York Rai Company at an 
average of about 5000 dols. per engine. 


Coal in Victoria.—The discovery of a valuable coal seam 
in South Gippsland, has been reported to the Victorian 
mining department by Mr. Murray, the geological surveyor 
at Sale. At the outcrop, the seam is 18in. thick, and the 
quality of the coal is somewhat deteriorated by atmospheric 
action, but it has been traced in for a few feet, when. the 
seam widens to 2ft., and improves in quality. 

P heen Sener’ coreg vo i peut held ‘ss 
ydney reso! arrangements sho » peo, 
Telegraph Company (Limited) for'a reduction of ita mee 
'e p m or a reduction o message 
tariffto > yg in consi: a of : oo not ex- 
ceeding 20,0007. annum. Nothing de appears, 
however, to have ar been done in the matter. 

Speed of French Steamers.—The average speed attained 
last year by the Brazilian line of steamers of the Mes- 
sageries Maritimes was rather more than 11} knots od 
hour. The corresponding average s attained by the 
steamers ran on the China line was 11} knots per hour; 
and in the Mediterranean 11 knots per hour. 


The Messageries Maritimes.—The net profit realised last 
ear by the great French steam shipping concern known as 
e Mes ries Maritimes amounted to 230,1101. After 
meeting all the fixed charges for the year, the council of 
administration was enabled to recommend a dividend at the 
This dividend absorbed 


rate of 7 per cent. annum. 
balance of 571. was carried forward 


168,0001., and a fi 
to the credit of 1877. 


Baltimore and Ohio Ruilroad.—The Baltimore and 
Ohio Railroad Company has found it necessary to her 
600 of its employés at the Cumberland rolling mills. It 
is a aipectel that the mills will resume work for some 
months. 


A Monster Elevator.—The Chicago, Milwaukee, and St. 
Paul Railroad Conpens has erected at Milwaukee an 
elevator capable of storing upwards of 1,000,000 bushels of 
wheat, with all necessary machinery and appurtenances. 
The cost of this structure, including the docking and filling 

adjacent grounds, was 280,232 dols. 

French Pig Iron.—The production of pig iron in France 
in 1876 is returned at 1,449,000 tons. The corresponding 
production in 1875 was 1,416,000 tons, so that 33, more 
tons were made in 1876 than in 1875. 


An American Tunnel.—The Bergen tunnel on the Dela- 
ware, Lackawanna, and Western Railroad has just been 
completed at a cost of 2,860,000 dols., including sundry 
Poe yt works. The actual cost of the tunnel itself was 
ols. ; its length is 4279 ft. 


The Russian Navy.—The Russian navy is now:vom- 
posed of 29 armour-plated ships and 196 other vessels of 
all classes, carrying altogether 521 guns. The personnel 
of the navy consists of 81 flag officers of all ranks, 1224 
other officers, 513 mates, 210 artillery officers, 145 engi- 
neer officers, 545 mechanicians, 56 constructors, and 260 
medical officers. Except for coast defence, the Russian fleet 
is stated, however, to be rather numerous than pow 
The Peter the Great and the Nionin are the only two 
vessels on the list of sea-going armour-plated ships which 
approach the modern stan of fighting efficiency. For 
coast defence, Russia has a considerable fleet, of which the 
circular armour-plated ships, the Novgorod and the Ad- 
miral Popoff, are formidable members. The speed of the 
Russian monitors from 6 knots to 8} knots per hour ; 
they are not provid spars for ramming, and 


with s 
must, therefore, be pods nk a as weak vessels fit only for 


operations in shallow water. Olearly Russia relies more 
upon her armies than upon her fleet. 

Victorian Railways.—The railway revenue of the Vic- 
torian Government in the first quarter of this year pre- 
sented an increase of 33,852/., as compared with the cor- 
res three months of 1876. The Hamilton Railway 
has sofar advanced in its construction that it has been 

to Dunkeld. Dunkeld, it may be added, is only 20 
miles from Hamilton. 
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A Manual of Rules, Tables, and Data for Mechanical 
Engineers, based on the most Recent Investigations. By 
Dante K1nnEAR CLARK, Memb. Inst. C.E. Illustrated 
with numerous Diogenes London, Glasgow, and Edin- 
burgh: Blackie and Son. [Price 25s. 

[SeconD NorIcE.] 
In our previous notice (vide page 385 ante) of Mr. 
Clark’s most useful book we dealt only with the 
contents of the first 458 pages, and we have 
still to speak of the contents of the remaining 526 
pages which ms a his bulky volume. The first 
section with which we haye now to deal is a very im- 
portant one entitled “ Applications of Heat.” This 
section Mr. Clark commences with a condensed 
account of Peclet’s researches into the rate of trans- 
mission of heat through pans. and he then proceeds 
to quote the results of experiments by Mr. John 
Graham, M. Havrez, MM. Laurens and Thomas, 
Mr. W. Anderson, and Mr. Bramwell, and to give a 
summary of the whole. Next our author deals 
with the cooling of hot water in pipes and the cool- 
ing of hot wort in coolers and refrigerators, quota- 
tions being here given from the series of! articles on 
brewery engineering which appeared in this journal 
about nine years ago, while these data are succeeded 
by others relating to the condensation of steam in 
pipes exposed to the air and in pipes cooled by water, 
the whole of the facts recorded being well sum- 
marised for reference, 

Warming and ventilation form the subjects of the 
next sub-sections, Mr. Clark first dealing briefly 
with mine ventilation and then proceeding to treat 
of the various modes of warming buildings, heating 
by hot water, steam, ordinary fires, and stoves being 
successively dealt with and an excellent collection 
of data being given. Sub-sections treating of evapo- 
ration in air, desiccation, and the heating of solids, 
bring this part of Mr. Clark’s book to a conclusion, 

We now come to the section dealing with the 
strength of materials—a section which naturally 
occupies considerable space. Here we find our 
author first describing the different kinds of stress, 
and then proceeding to explain the resistance of 
materials to these stresses. With reference to the 
transverse strength of beams, Mr. Clark has collected 
a large mass of valuable data, but has also advanced 
a theory which we think he will desire upon more 
mature reflection to withdraw. He will readily 
admit that the mere fact of his having apparently 
arrived at an elementary mathematical explanation 
of an anomaly which Rankine and all other writers 
on applied mechanics have failed to elucidate, 
affords in itself strong presumptive evidence of the 
existence of a fallacy in his deductions. Mr. Clark 
fortunately is an honest and lucid writer, so it is not 
difficult for the reader to follow his line of thought, 
and accept or reject his conclusions according to the 
weight of evidence adduced, After explaining the 
ordinary mode of estimating the moment of resis- 
tance of a beam, he says, ‘‘ these, the normal stresses 
or resistances due to the absolute horizontal com- 
pression and extension of the beam, are supplemented 
by diagonal resistances ‘by which each of them is 
augmented 75 percent.” To elucidate the origin of 
‘* diagonal resistance,” some diagrams of cantilevers 
are given, a glance at which will serve to explain 
the source of the fallacy in Mr. Clark’s theory of 
transverse strength. The change of form of the 
elementary particles of the beam under the action of 
the load is professedly represented, and yet the 
existence of a shearing stress is entirely ignored. As 
a corollary it is stated that if the upper and lower 
members of a triangular framed cantilever be 
‘‘ placed parallel to each other in close contact, 
extension and compression take place as before,” 
and the strains are depicted on the diagram as 
uniform in intensity over each member, whereas of 
course with parallel members so placed, the only 
resistance to the shearing stress would be the 
transverse strength of the upper and lower members 
as a couple of beams, and as a consequence the 
distribution of strains would be entirely different 
to that assumed. The ‘‘ diagonal resistance” of Mr. 
Clark is nothing more than a wrong form of the 
phenomena known indifferently as ‘ fateral action,” 
‘ longitudinal sidings,” “ tangential reactions,” 
‘‘ frictions of adherence,” 4‘ longitudinal shearing,” 
and “ glissement.” Mr. Clark finding this phenomena 
ignored in ordinary formule, pas Ben? assumed 
that the omission was due to ignorance, whereas it 
of course arises from the fact that mathematical 
investigation of an exact kind—not of the imperfect] 
considered character of that advanced by Mr. Clar 





—has shown that the slidings between the fibres 
roduce no alteration in the longitudinal stress, so 
ong as the ordinary theory of elasticity is held to be 

true, as it is by Mr. Clark no less than by others, 

Those students who are mathematicians enough 
to pursue the strict method of investigation by 
means of the equations of internal equilibrium 
will find all that is n in the works of 

Barré de St. Venant and other French writers. The 

larger class to whom these works are as_ sealed 

books may obtain a very clear appreciation of the 
abstruse phenomena presented by a beam under 
transverse stress by the following simple means: 

Let a square bar of hard vulcanised rubber be 

prepared of convenient dimensions—say 1} in. 

square by 12 in. Jong—and upon one side of it scribe 

a number of lines, dividing the whole surface into 

squares of about 4in. Bend tbis bar by a pres- 

sure applied at the centre, and it will be found that 
the form of each individual square, and their relative 
positions, have undergone a change, and that this 
change affords an exact indication of the nature of 
the stresses occurring at every point in the beam. 

Thus the little squares along the top of the beam 

will remain rectangular, but will be shortened b 

the compression, whilst those along the bottom will 

be extended by the tension. But if the squares 
along the neutral axis be examined, it will be found 
that they are no longer squares but rhombi, the 
shearing stress having shortened one diagonal and 
lengthened the other, The series of lines at right 
angles to the length of the beam will thus remain 
no longer straight, but be undulatory, plainly indi- 
cating to the eye that in the beam under considera- 
tion, the shearing stress, longitudinal sliding, or 
whatever other name may be given to the action, 
is most intense at the neutral axis, and vanishes at 
the extreme fibres of the beam, whilst the longi- 
tudinal stresses of compression and extension, which 
have alone to be considered in solving ordinary 
ae follow, as is well known, an opposite law. 

e vulcanised rubber beam, a pair of hair-dividers, 
and a magnifying glass will prove of wonderful 
assistance in im upon students the nature 
and intensity of the complex stresses in a solid 
beam, and we may by the way commend this same 
arrangement to the consideration of Professor 

Kennedy, who has done so much in a similar way to 

facilitate the studies of the coming race of engineers. 

Fortunately Mr. Clark is too honest a scientist to 
strain the facts in order to support his theory, and 
consequently we should have taken little exception 
to the formule for transverse strength if had 
been advanced as rules of thumb and not as strict 
theoretical deductions. . They give, as might be an- 
ticipated considering the a of their author, 
results fairly agreeing with experiment, and they 
will —— be of practical value to the 
engineer. e should, however, have 

separate formule for cast and wrought iron beams 

as leading to a closer approximation ‘between the 

calculated and experimental results. 
Mr, Clark’s formula for a solid rectangular beam 


loaded to the centre is Wa eee Comparing 


this with the usual formula it will be seen to be the 
same with the exception that the direct tensile 
resistance s is used instead of the modulus of 
rupture under transverse strain as ascertained by 
experiment, and the coefficient 1.155 is adopted 
instead of the usual 3. In other words Mr. Clark 
assumes the modulus of rupture to be for a square 
bar 1.155+%=1.73 times the direct tensile re- 
sistance. We think the balance of evidence would 
show it to be rather higher for cast iron and rather 
lower for wrought iron, hence our preference for 
two formule, if any of this kind be given. Thus 
Professor Rankine takes the ‘ average” tensile 
strength of cast iron at 16,500 Ib. square inch, 
and the “average” value of the modulus of rupture 
at 40,000 lb., a ratio of 2.43 to 1 instead of 1.73 to 1 
as adopted by Mr. Clark, whilst Mr. Baker adopts a 


is a comfortable belief, but unhappily the same 
anomalies present themselves before the so-termed 
‘elastic limit” is attained; for instance, a bar 
of wrought iron taking a ent set under 
a direct tensile strain of 10 tons per square inch will 
fail to show any tendency to take a set under 
15 tons per square inch if latter be the calcu- 
lated strain resulting from a bending stress. Others 
hold that the superior strength of the “skin” of a 
bar accounts for the fact of the ordinary theory 
leading to an under-estimate of the transverse 
strength of a beam, but this theory is equally unten- 
able, for a piece planed out of the centre of a large 
shaft exhihits the same anomalies as a small cast- 
iron bar. The plain fact is that the molecular 
action, even in a straight rod under tension, is of a 
most complicated nature and difficult of investiga- 
tion, We assume the tensile strength of such a bar 
to be the same as that of a bundle of independent 
fibres, and we make this assumption in order to 
attain simplicity, not because we are justified in 
neglecting the effect of the lateral adhesion of the 
fibres even in the relatively simple case of direct 
tension, Still less are we justified in regarding 
beams of different cross sections as so many 
bundles of interlacing fibres, and as a consequence 
the transverse strength of solid beams can only be 
legitimately determined by direct experiment or by 
a coutemeliy rule of thumb method of calculation. 

Apart from the matter to which we have just 
directed attention we have nothing but ie 
for Mr. Clark’s section on the strength of ma- 
terials. He has brought together a most extensive 
and valuable. collection of experimental data, and 
the great variety of sources from which these data 
have been drawn shows that he has spared neither 
time nor trouble in the performance of his task. 
In fact, so plentiful are the data given in this section 
that we scarcely like to an addition to them, 
but we may nevertheless point out or suggest that 
in a future edition of his book, the author should 
summarise the conditions which have to be fulfilled 
in the case of iron and steel plates, bars and angle 
irons supplied to our own and the French Ad- 
miralties. These conditions, which are strictly 
enforced, give perhaps a better idea of the qualities 
of materials now obtainable than is to be derived 
from an inspection of tables of experimental re- 
sults, Some notes “pre also be given of the con- 
ditions as to quality of materials included by some 
of our leading engineers in their specifications for 
bridge-work, &c. We have known of so many 
cases in which evil has arisen either from laxity in 

ifications on the one hand, or from absurdly 
strict conditions being laid down on the other, 
that we are sure some hints of the kind we mention 
would be of'service. " 

The sectionion the strength of materials is suc- 
ceeded by one onthe “ Strength of Elementary Con- 
structions,” Mr. Clark, here dealing with rivetted 
joints, beams, columns, bolts and nuts, ropes, rails, 
pp ve surfaces, tubes and cylinders, and a variety 
of work. Here again we find that our author 
has brought er a quantity of data which 
must have o¢cupied an enormous amount of time in 
its collection. Next we have short sections re- 
spectively dealing with ‘‘ Work or Labour” the 
* Friction of Solid Bodies,” and then follows a very. 
useful chapter on mill gearing and other modes of 
transmitting power, such as belts, rope gearing, 
&c,, the remarks on these subjects being accompanied 
by excellent tables of proportions, &c. 

Our discussion of the remainder of Mr. Clark’s 
book, including his important sections dealing with 
steam boilers and the steam engine, we must leave 
for a third and concluding notice, 
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ratio of 2} for cast and 1, for wrought iron, If, Seaseay | Meh ard act Depoctnene 
however, Mr. Clark had taken the ratiohe|" By De. W. B. Kemsuuap, F.R.A.S., F.G.S. Enlarged 
would have got all wrong with his wrought-iron Edition, London and Glasgow: William Collins and 
beams, and it was necessary to take the same value| Sons. [Price 1s. 6d.] ; 

for both or his theory of “diagonal stress” would | Eclairage a UV Electricité. f ts Pratiques. Par 
have fallen to the ground, HrppouyTs Fontainz. Paris: J. Baudry. 


No discredit attaches to Mr. Clark for having 
failed, as all others have failed, to reconcile: the 
theory of transyerse stress with experimental re- 
sults. Not a few authorities imagine they have 
done so when they state that the ordinary” 

e elastic 





is intended to apply to etrains within 
limit only and not to ultimate resistances: ‘This 
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ANIA Liberty-street being 218 ft. long and 69 ft. 9 in.| motive repair shop occupies a central position in 

a enve xt a mcs geet wide, including the wheel-boring shop, which is 70 ft. | the yard ; ‘tis about 180 Tt. long by 69 ft.9 in. A 

. —SEISCELLANEOUS HEPAIRING Snors. | by 69 ft. 9in. The other wing is of the same width | transfer pit is in front, 162 ft. long, and serves the 

WE may now pass on to a brief notice of the | and 20] ft. 8in. long, a length of 53 ft. being re-| eleven tracks in the repair shop. A machine shop, 
various smaller repairing shops upon the Pennsyl- | served for the paint shop. In front of this wing is| 217 ft. by 69 ft. 9 in., runsalong the top on Liberty- 
vania Railroad, some of which have facilities for | the transfer pit, 171 ft. long and 44 ft. 10 in.| street, and a smiths’ shop, 110 ft. long, stands in 
construction, but where in most cases only repairs of | wide. A transfer table somewhat similar to that| front ofthe locomotive repair shop. Placed about 
locomotives and cars are executed. described further on belonging to the Meadows | the yard in the positions shown in the plan are coal 
platforms, water stages, oil stores, &c. There are 
generally about five or six engines in these shops 
for general repairs, and all slight and running re- 
pairs both to engines and cars belonging to this end 
of the road, are executed here. The full staff of 
men employed is 480. 

II. The Harrisburg Shops.—These are situated 
172 miles from Altoona, at the junction of the 
Philadelphia with the Middle Division of the rail- 
road, ‘The shops all lie on the south side of the line, 
except that on the north side there is an engine 
house, 294 ft. in diameter, with a central turntable 
50 > in diameter, and a covered annular portion 
, re 65 ft. 7in. wide. It contains 42 converging tracks, 
I. Pitisburgh Repairing Shops.—These are located at | shops, serves to shift cars from any of the ten| with i. connecting line to the main Sask, and a 
Pittsburgh, acing on Liberty-street, with a frontage | tracks running up to the side of the pit on to| second running out to acoal platform 626 ft. distant. 
of about 1300 ft., and they occupy the space between the eleven tracks in the carshop. One of these lines | On the south side is a second round house, 279 ft. in 
the street and the railroad—about 170 ft. in width. | run through into the adjacent locomotive shed. | diameter with 44 tracks, one of which runs through 
the erecting and car shops. These are placed 
parallel to each other and 70 ft. apart. Each is 
180 ft. long and 70 ft, wide, and they are connected 
at the bottom of the machine shop, 213 ft. by 70 ft. 
A transfer pit occupies the space between the two 
buildings. The remaining buildings in the yard are, 
a smiths’ shop, 86 ft. by 25 ft., an oil house, 50 ft. 
by 40ft., a paint shop, 57 ft. by 30 ft., a running 
shed for cars, 257 ft. long, an ice house 100 ft. by 
25 ft., a wood store andacoal platform, 475 ft. long 
by 50 ft. wide. There are generally about four 
locomotives in these shops for general repairs, and 
all the running repairs belonging to the Middle 
Division are also executed here. About 100 men are 
employed. 

III. Meadows Shops.—Next to Altoona these are the 
most mana shops upon the Pennsylvania system. 
They belong to the united railroads of New Jersey 
Division, and with trifling exception they execute all 
the general and running repairs upon the whole of 
the division. They have only been built a few years, 
and are for that reason more complete than any of 
the other shops belonging to the company. ‘he 
plan on the opposite page shows the general arrange- 
ment. ‘The ene occupy the space between the 
New Jersey and another railroad, and are about 
1500 ft. in length. They are connected with the 
New Jersey tracks by a branch running into a siding 
parallel with the main line, and 250 ft. fromit. At 
each end of the yard is an engine house, one circular 
and 350 ft. in diameter, with a 60 ft. turntable in the 
centre, and 44 converging tracks, and the other 
segmental, 216 ft, radius, with 19 tracks, and a 
sector table in the centre. In front of the latter is 
a large rectangular building 402ft. lin. long and 
135 ft. wide, containing a paint shop, a passenger 
car shop, and thé upholstering, varnishing, and 
cabinet work department, Between this building 
and the engine house is a paint and varnish house 
70ft. square. The painting and car shops contain 
20 parallel lines of rail, which extend to the edge of 


The shops comprise two circular locomotive houses | Near the transfer pit is the smiths’ shop, 80 ft. by Sadie ae aniin eee —_ = - ~ pe 


274 ft. in diameter, one with 38 and the other with | 40 ft., and close by is a lumber depédt, 100 ft. b . : : 
44 tracks converging towards a central turntable | 50 ft. ’ Near the locomotive shed, tal facing = 118 ft. by 70 ty machine — “gape 
54 ft. indiameter. The covered portion of the house Liberty-street, are two offices, commanding the sh op with three lines a mr ry ~ 60! Px ines 
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PLAN OF PITTSBURGH SHOPS, 














A the machine shop is a ee mill, 135 ft. by 70 ft.. 
jew ae and between it and the former is the boiler and 
SS engine house. The remaining buildings include a 











smiths’ shop, 156 ft. by 120 ft., an iron store, lumber 
shed, and oil and waste house. These works give 
Se to 1000 men, ; 
SSS See —————_ n pages 498 and 499 we publish detailed draw- 
: = ———S = ings of the transfer table at work in this shop ; 
—— A a a it is somewhat similar to those in use at Altoona, 
4 Pittsburgh, but contains several improvements and 





















































modifications, which render it the best type in use 





















































Madi’ 4 on the railroad. Figs. 1, 2, and 3 are respec- 
eYfiieacss he - G tively a longitudinal section, a section plan, and a 
S i ee yj transverse section showing the actuating machinery, 
yt : and Figs. 4 and 5 are a side view and plan of one- 
Seventh Streve wy so omy penis Kb , half of the framing of the table to a smaller scale. 
wm Fs a a a a From the latter it will be eo eight ng e 

J ils, resting upon longitudi eepers, are lai 
PLAN OF HARRISBURG SHOPS. ys eer | of the pit, the between being 






is 60 ft, wide in one case and 66 ft. 6 in. in the other. general entrance into the yard, and on the other| filled in with concrete and suitably drained. ‘I'he 
table is carried on eight pairs of 33 in. cast-iron 


Two branches from the main lines run into each | side are an oil house and sand store, while two wood eS oe 
house. The car shop is at one end of the works, | and coal sheds are placed near the tracks leading | chilled wheels, mounted on axles 4} in. in diameter, 
and consists of two wings, the one facing on | from the round house to the main lines. The loco-! and running in axle-boxes bolted to the top of the 
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transverse beams of the frame (Fig. 1). This con- 
sists of rolled joists 12 in. deep, and top and bottom 
flanges 6 in. wide. These joists are 15 ft. in length, 
and they are spaced in two groups of four each, 
about 7 ft. 6in, apart, leaving a central space 


"Semis 
b----156'-- 
pe 








gained by a branch from the main tracks, and on 


the other side five sidings are laid down. Between 
the engine-house and the railway is a coal siding 
and dock, the latter 204 ft, and 250 ft. long. A 
machine shop, smiths’ shop, and stores comprise the 
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PLAN OF THE MEADOWS SHOPS, 


13 ft. 1gin. wide between the groups, and making 
the total length of the table 59ft. llin. Longi- 
tudinal beams, 4 ft. 9 in. apart from centre to centre, 
connect the transverse joists, as shown in Fig. 5, and 
these are braced at the angles with light angle ties 
and cross ties in the middle bay. The rails on the 
table are laid on the longitudinal beams. On one side 
of the middle bay a suitable framing is introduced to 
carry the engine and boiler driving the table, and 
between the frames a water tank is introduced, as 
shown in Fig. 1. The boiler is vertical, 3 ft. 7}in. in 
diameter, with a firebox 3 ft. 3in. in diameter and 
13} in. high above grate bars. The boiler contains 
172 vertical tubes 1}in. in diameter; and 4 ft. 6 in. 
long. The general arrangement of boiler and 
fittings is clearly shown in the engravings. The 
small horizontal engine (Figs. 1, 2, and 3) drives a 
shaft running the whole length of the table, and 
having fastened upon it pinions which gear into 
“spur wheels, one of which is mounted on the axles 
carrying the driving wheels of the table. The ma- 
chinery is enclosed in a house as shown in the draw- 
ings. 

IV. Jersey City Shops.—These shops, which are 
situated at the Jersey City terminus, are very in- 
significant, nothing but ordinary round-house re- 
pairs being executed there. The arrangement is 
shown in the accompanying plan, The engine- 
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PLAN OF JERSEY CITY SHOPS, 


house is 270 ft, square instead of circular as is 
usually the case. It is furnished with 24 con- 
verging tracks with a 54 ft. turntable in the centre. 
The four corners of the house are used for vice 
rooms, waste, and sand stores. Two tracks from 
the main line run into the house, and a third passes 
to a 45 ft. table at the side of the house. A small 
machine shop, 125 ft. x 23 ft., a smith’s shop, engine 
and boiler house, and store rooms, complete the 
works, The Mantua shops, also on the same divi- 
— a about the same capacity as those just men- 
tioned. 

V. The Conemaugh Shops—These are situated at 
the foot of the western slope of the Allegheny 
Mountains, 36 miles west of Altoona, the ter- 
minal point for the freight engines of the divi- 
sion, working between Cottias h and Altoona, 
and Conemaugh and Pittsburgh. "Phe arrangement 
is shown in the diagram. They include a semi- 
circular engine-house 234 ft. in diameter, a width 
of 64 ft. 6 in. being covered in. The diameter of 
the central turntable is 50 ft., and there is accom- 
modation for sixteen stalls, Access to the house is 


wr 








whole of the works. In the sand store is a con- 
veniently arranged drying apparatus, illustrated in 
Figs. 1 to9, page 502. Itconsists of a wrought-iron 
cylinder 2 in. in diameter and 10 ft, 9$in. long. For 
a length of 8 ft, 8} in. it is covered with No, 9 sheet- 


iron, and the remainder with wire netting of three 
meshes to the inch. This cylinder is mounted on a 
shaft 2 in. square, and is framed with four arms, 
placed 3 ft. st in. apart, and four longitudinal angle 
iron (Figs. 5, 6, and 7). The cylinder is set over 
a furnace at an angle as shown in Fig.1. At the 








shoot shown in Fig. 2. ‘There are 67 men of all 
grades employed at the Conemaugh shops, _- 

VI. The Lambertville Shops.—In these ehope all the 
general and running repairs for the Belvidere Di- 
vision are executed, giving employment to about 
200 men. The works are very straggling and ill 
arranged. The engine-house is a quadrant with 
nine stalls accommodated with a turntable, to 
which five other tracks run, two from the main 
line, two from the repair shop, and one from 
the boiler shop. The repair and machine shop is in 
the form of a | 120 ft. 6 in. by 101 ft. and 35 ft. wide, 
the boiler shop close by, is 36 ft. by 52 ft. The 
smiths’ shop, 105 ft. by 95 ft. 6 in., and a few stores, 
complete this of the works. The car shops are 
connected with the main line by separate sidings, 
and consist of freight and passenger car sho 
paint, upholstery, and ae shops. the 
passenger car shop is 100 ft. long by 32 ft. wide, and 
adjoining it are two buildings, a wood-working ma- 
chine room 30 ft, square, and a small wheel shop. 
br car-painting shops are 160 ft. long by 34 ft. 
wide, 

VII. The Tyrone Shops.—These are located at the 
junction of the Tyrone Division with the main line, 
at Tyrone, 14 miles east of Altoona. All of the run- 
ning repairs of locomotives and cars on the division 
are done here, giving employment to 78 men of all 


a 





PLAN OF CONEMAUGH SHOPS. 


grades, The arrangement is clearly shown on the 
coumnenying P ee upon which is a list of the 
dimensions of the principal buildings, 

VIII. The South Amboy Shops.—At the South 
Amboy shops are executed all the general a of 
the Amboy Division, finding employment for 150 














upper end the shaft revolves in an ordinary bear- 
ing, and at the lower end in a bearing shown in 
Figs. 8 and 9. This consists of a wrought-iron 
bracket, carrying two cast-iron anti-friction rollers 
on which the shaft rests, and is kept steady by a 


osc sinsied 





C. Sand House 2.6120 


steel set screw. The cylinder is enclosed in brick- 
work as shown in Figs. 1 and 2, and the hot gases 
circulate around the cylinder, drying the sand which 
is fed in from the front end, and is kept slowly re- 
volving by an attendant. By the time the sand has 
travelled forward to the grated portion of the cy- 
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linder it is dried and is discharged down the inclined 


PLAN OF THE LAMBERTVILLE SHOPS, 


men. The arrangement is shown in the plan on the 
next page. The engine-house differs from the general 
form, it being rectangular, 259 ft. 6 in. long by 76 ft. 
6 in. wide, and contains five tracks, the two outer 
pairs of which run together beyond the house, 
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PLAN OF TYRONE SHOPS. 


The principal buildings are all parallel to the 
main siding, and include machine, repair, and 


wheel shops, the former 147 ft. by 30ft., and 
the latter 75 ft. 6 in. by 21 ft. The smiths’ shop, 
boiler and engine-house lie beyond and occupy a 
length of 102 ft. 4 in. ; —s is the wood-work- 

e lumber and paint 


ing machine shop, 146 ft. long, 










































































496 





ENGINEERING. 


{Juwe 29, 1877. 





shops, and the passenger car-painting shop. 106 ft.| Railroad and junction with the Cumberland and 
A second set of sidings connect with the| Pennsylvania 
The| where connexion is made with the Baltimore and 


long. 
boiler and repair shops, 125 ft, long by 40 ft, 


arrangement and sizes of the various small buildings | Ohio Railroad. 


ilroad running to Cumberland, 
They comprise a few sidings, a coal 












































PLAN OF CAMDEN SHOPS. 


are shown onthe plan. The freight car repair shop 
is situated a quarter of a mile away from the main 
works, and is shown in the plan. It is 187 ft. long 
by 42 ft.6in wide. Besides it is a small smiths’ 
shop for car work, 

IX. The Camden Shops.—These are situated at 
Camden, opposite Philadelphia, and on the Dela- 
ware. All the running repairs of the Amboy 
Division are executed here, but the means available 
are very limited, There are two engine houses, 
one belonging to the Pennsylvania Railroad, 187 ft. 
by 52 ft., and the other to the Amboy Division, 
201 ft. by 47 ft. Gin, eaéh containing four tracks, 
The arrangement of sidings, which are more 
numerous in these shops than usual, is shown on the 
plan, A small machine shop at the end of the 
Amboy engine house, and an engine and car repair 
shop and stores comprise the whole works. About 
80 men are employed here. 

X. Lewistown Shops.—These shops are at the 
junction of the Lewistown Division with the main 
— 71 miles east of Altoona. They are used to 
keep up the running repairs of engines and cars of 
the Lewistown Division, As will be seen from the 





LEWISTOWN SHOPS. 


plan, they are of a very simple chatacter, consisting 
simply of an engine house, repair shop, and smiths’ 
shops placed around a 50 ft. turntable. The engine 
house is 6] ft. square, and the repair shop 64 ft. 


long. 

XL The Mifflin Shops.—These shops, situated at 
Miftlin, are 154 miles west of Philadelphia. They 
are also of a very limited nature, and are used 
entirely for runnin on freight cars. They 
consist of various and a 50 ft. turntable. 


lng building is the repair shop, 120 ft. in 
IL. 


State Line Shops.—The State Line shops are 
at ‘the terminus of the Bedford and Bridgeport 


. 
“3: 














stage, curved engine house with four tracks, and a 
smiths’ shop. No facilities exist here for any but the 
simplest repairs, 
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STATE LINE SHOPS. 


XIII. The Huntingdon Shops.—These are situated 
on the Middle Division of the main line 34 miles 
east of Altoona. They are very small, and are 


ae for the running repairs of freight 
cars, 
wharf. 

XIV. The Blairsville Shops.—These are located 
about one mile from the junction of the West 
Pennsylvania Division with the main line. 


ere is in addition an engine house and coal 


About 


+ 
a -& 
MIFFLIN SHOPS, 


60 men are employed here upon locomotive and car 
running repairs. 








NOTES ON GAS MAKING.—No. VIII. 
By R. H. Patrerson, 
Tae Lime Nuisance in Lonpon. 

THE vestries and other local municipal authorities 
have recently been complaining urgently of the 
nuisance occasioned by the use of lime in the London 
gas works; and I am not surprised that they 
should do so. Although opinions may differ as to 
the degree of the nuisance, the nuisance itself is 


extent are the people who reside in the neighbour- 
hood—at all events the question cannot be accurately 
determined by merely casual visitations to the gas 
works where the nuisance is complained of. But 
what lends especial cogency to the complaints of the 
public is the fact that the use of lime can be wholly 
dispensed with, without in any way impairing the 
efficiency of the gas purification, and even with 
profit to the gas companies, 

The only matter of ag aN to me is, that the 
London gas companies for their own sakes have not 
abandoned the use of lime. Mr. G. Livesey has 
repeatedly expressed to me his deep-felt objection to 
the use of this material in purification, on account of 
its dirtiness and of the nuisance thereby occasioned 
to the labourers on the works. Especially when the 
purifiers are placed in the open air, the filling and 
emptying of these vessels, in whatever state the 
lime may be, is a dirty and disagreeable work for 
the labourers, the lime getting into their eyes and 
nostrils ; but with the sulphuretted portion of the 
lime, the effect on the workmen is sickening and 
noxious, and in some works the men have to wear 
vizors or coverings for the face when thus employed. 
Besides this, and purely as regards their own balance- 
sheets, it would be profitable for the companies to 
abandon the use of lime and employ the other 
alkaline materials at their disposal; because, as I 
shall show, the companies would thereby make a 
very considerable saying, while the public would be 
entirely freed from nuisance, ers 

Five years have elapsed since I first gave my 
attention to this defective feature in gas purifica- 
tion. When devising my new system of gas purifi- 
cation in 1872, I specially noticed the nuisance 
occasioned by the use of lime in gas- works; and to 
obviate it, 1 applied ‘my new system not merely to 
lime, but to other alkaline substancés, equally 
efficient, which can be employed without nuisance 
in any locality, and which accordifigly.I expressly 
recommended for use in gas works situated within 
towns. Having already fully described these liquid 
processes, I need here only repeat that by means of 
them purifiers can be wholly dispensed with, and 
the entire work of gas purification be carried on in 
closed vessels (washers or scrubbers) without any 
nuisance being occasioned to the public, or even 
to the labourers. employed in the gas works, My 
ammonia process, as I shall show by-and-by, 
has been adopted to some extent for the last three 
years at the South Metropolitan Gas Works, 
and in so far as there used has been perfectly suc- 
cessful. 

The lime nuisance in London has, within the last 
few years, figured in a double or two-faced aspect, 
namely, both as regards the nuisance to the public, 
and also as a plea on the part of the gas companies 
to be permitted to supply gas containing a large 
amount of sulphur. Previous to my inventions, in 
the spring of 1872, and, indeed, until after the 
success of my new mode of using lime had_ been 
practically demonstrated, the gas companies pro- 
tested (and, as we Referees held, very justly) that it 
was impossible for them to work under a ‘sulphur 
maximum ;” and next, after my lime process had 
proved successful, the companies urged that in their 
urban gas works they could not comply even with a 
sulphur maximum of 25 grains on account of the 
nuisance which thereby would be occasioned. In 
deference to their protests, our successors in office 
(the present Referees) in October, 1873, raised the 
sulphur maximum for all the gas works under their 
control, except those at Bow and Beckton, to 
30 grains per 100 ft. of gas—a maximum which is 
really little more than nominal, 

This step backwards, not only in the face of 
Science which is ever-progressive, but in disregard 
of several processes (by that time generally known) 
by which gas can be thoroughly purified without 
any nuisance at all, naturally brought forth strong 
protests to the Board of Trade from the Metropolitan 
Board of Works and the Corporation of London. 
The latter of these bodies, in their letter to the 
Board of Trade, expressly referred to my liquid 
processes, those applied to alkaline solutions (of 
soda and ammonia) which had been repeatedly com- 
mended by the Journal of Gaslighti and also by 
the Lancet—as capable of solving the difficulty, 
officially and economically, as well as without 
nuisance to the public. To this the Gas Referees 
replied that vale | soda and ammonia processes had 
not been applied on a manufacturing scale, they 
could take no notice of them. Nor have they done 
so since, despite the complaints recently and still 





an unquestionable fact ; and the best judges of its 
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by the use of lime; this, too, although they have 
spent a large sum in trying another process or 
processes of their own devising, which have proved 
utter failures. 

Even were this a purely personal matter, I would 
have good ground for expressing my opinion of it; 
but it has now become a matter of public importance. 
The present Gas Referees (in this respect more 
favoured than their predecessors) have been autho- 
rised by the Board of Trade to undertake expensive 
trials on a manufacturing scale of any processes 
they liked for purifying gas from sulphur. The 
sole reason assigned by the Board of Trade for 
making a change in the personnel of the Referees in 
1872 was that in their opinion ‘the problem of 
fixing the maximum of sulphur impurities is obvi- 
ously one of great difficulty, and can only be settled 
by persons possessing the highest chemical know- 
ledge and experience;” and when the new Referees 
were appointed, the Board of Trade went beyond 
the Acts of 1868-9 by authorising the Referees to 
undertake manufacturing experiments, making a 
special grant of funds for this purpose, and also 
giving an extra payment to one of them (Mr. V. 
Harcourt) in order that he should give his time and 
attention to this matter. The instructions given 
by the Board of Trade to Mr. Harcourt were ‘‘ to 
undertake such chemical inquiries as may be neces- 
sary to afford data for determining the best practical 
method of reducing the sulphur compounds. A 
special allowance will be made to youfor thisservice.” 
With such powers and facilities given to them, 
what have the Referees done? They spent 3000/. 
in repeated trials of a process devised by one of 
themselves (Mr. Harcourt), and there they ended. 
In April, 1872, I well remember Mr. Harcourt 
delivering a lecture before the Royal Society on the 
then eagerly discussed question of purifying gas 
from sulphur, in which he affirmed as the result of 
his knowledge and investigations that there was no 
process or means of any kind to extract the bisulphide 
of carbon from gas, and that the only course to be 


taken was to proceed on the principle of ‘ dissocia-+ 


tion,” i.e., to convert the bisulphide of carbon into 
sulphuretted hydrogen by means of heat; and he 
then described as novel and original a means of 
doing this by passing gas through red-hot or highly- 
heated iron pipes. Passing by the fact that this 
statement as to the impossibility of extracting bi- 
sulphide of carbon from gas was made a month 
after I had discovered how to do this successfully, 
not only in one but in several ways, and also after 
I had made public my process of doing so, I may 
observe that this principle of converting the bi- 
sulphide of carbon into sulphuretted hydrogen had 
long before been proposed and made public in a 
book by the Reverend Dr. Bowditch; but, when 
tried, it had always proved a failure. Moreover, in 
July, 1871, a somewhat similar process had been 
patented by Mr. Evans, who dropped his patent be- 
cause he found it wasold; but the said process (viz., 
passing the gas through hot iron pipes in conjunc- 
tion with superheated steam) was tried at the 
Westminster works of his company, where I saw 
it for weeks or months in tentative operation, until 
it was abandoned as a failure, It was just such 
another process as that of Dr. Bowditch, and tried 
again by Mr, F. J. Evans, that Mr. Harcourt de- 
clared in his lecture before the Royal Society to be 
the only possible means of getting out the sulphur ; 
and when he became a Referee, it was to this pro- 
cess that he and his colleagues devoted the powers 
and opportunity accorded to them by the Board of 
Trade ; the result, as I have said, being an expendi- 
ture of 3000/. and a failure. ‘There could be no 
objection to the Referees trying this old process over 
again, if they believed in it, except that they surely 
must have known that even had it proved successful 
for removing the sulphur, it would have been vastl 
costly and cumbersome, requiring a little en-boek 
of itself for carrying it into operation. But I cer- 
tainly hold that, when expressly commissioned by 
the Board of Trade to make trials of purifying pro- 
cesses for sulphur, the Referees ought to have 
bestowed some small portion of their time and funds 
in ascertaining whether or not my liquid processes 
were not as successful as my lime process been 
proved to be, especially as these processes were 
simple and economical, whereas Mr. Harcourt’s 
revival of Dr, Bowditch’s process would obviously 
have been a most expensive one, besides having at 
least twice before been found unsuccessful. 

The Journal of Gaslighting, while commending 
my ‘* system of purification in closed vessels with 
al e solutions” of both kinds—viz., both soda and 








ammonia—appears to give preference to the soda 
rocess. Certainly this was nove opinion, when I 
evised these in the spring of 1872, 
because up to that time all attempts to “‘revivify” 
gas liquor, i.¢., convert it.into caustic‘ammonia, had 
proved unsuccessful, owing to the extreme volatility 
of the ammonia, which caused a great loss of ma- 
terial in the process, whereas soda does not present 
any such difficulty, being non-volatile, In truth the 
question in 1872 was between lime with nuisance 
and soda without nuisance. The Journal may be 
thoroughly correct in its preference for soda still; 
but in a question like the present one, where un- 
tried processes are at a disadvantage, it is the 
ammonia process which I specially and most con- 
fidently recommend for use in the London gas 
works, indeed in gas works everywhere. In June, 
1872 (three months after my invention), Dr. Odling, 
when recommending the new system of using lime, 
added that he “had no doubt that equally good 
results might be obtained by treating the gas in 
similar fashion with ammonia.”* Moreover, since 
then, the merits of my ammonia process have been 
ractically demonstrated to so great an extent as to 
eave no doubt as to its cheapness as well as efficiency 
when applied fully. Mr. G. Livesey, who now 
regularly employs Hills’ apparatus for revivifying 
gas liquor, informs me that by means of the caustic 
ammonia thus obtained the gas can be purified at 
one-half the cost of using lime. At present, and for 
the last three years, Mr. Livesey has been employing 
the ammonia process jally, in accordance with 
my first suggestion (March, 1872), namely, he em- 
ploys the caustic ammonia (revivified gas liquor) in 
conjunction with the ammonia absorbed from the 
gas in the ordinary washers or scrubbers, for the 
urpose of decarbonating the gas before passing it 
into the lime purifiers—in short, employing some of 
his washérs or scrubbers to do part of the work of 
the first or decarbonating set of lime purifiers under 
my system of purification. And in his inaugural 
address to the British Association of Gas Managers, 
he showed how important was the advantage re- 
sulting from this process even upon pecuniary 
grounds, 

Mr, Livesey’s statement of the matter is as 
follows: ‘*‘ When it became clear that in order to 
reduce the sulphur-compounds it was before all 
things essential to remove the carbonic acid,” he 
had recourse to Hills’ apparatus for producing 
caustic ammonia from gas-liquor, for the purpose 
of employing this material to decarbonate the gas ; 
the result being, he says, that ‘‘by using a liquor 
not brought quite to the caustic state, the whole of 
the gas made at the South Metropolitan Works has 
been deprived of its CO, to such an extent that, on 
leaving the scrubbers, there is hardly a trace of this 
impurity, it taking three minutes to discolour lime- 
water with the gas bubbling rapidly through it.” 
This solution of ammonia is employed in his washers 
and scrubbers to decarbonate the gas before it 
enters the lime purifiers, and Mr. Livesey states it 
to be ‘‘ by far the simplest, the best, and the cheapest 
plan for removing CO 3, and with it a considerable 
proportion of the SH,—the small portion of the 
SH, left in the gas being taken out by means of a 
small quantity of lime, which, having no interference 
from CO,, not only takes out the SH:, but also 
effectually reduces the sulphur compounds.” And 
the increase in the illuminating power of the gas 
from this removal of’ the CO, is so great that, says 
Mr. Livesey,; ‘‘while using nothing but New- 
castle coal from the Holmside Colliery, without 
a particle of cannel, the gas has never been below 
16 candles, and has averaged 16.5.” I may add that 
Mr. Livesey might improve upon this mode of puri- 
fication in two ways: 1. By placing his lime before 
the revivified portion of the gas-liquor, and employ- 
ingitsimply to decarbonate the gas, whereby the lime 
will create no nuisance, while the caustic ammonia 
will be used last, to desulphurate the gas; or, 2. 
He should dispense with lime altogether, and use a 
larger portion of revivified liquor, which would be 
both better and cheaper. 

Thus the unrivalled cheapness, or indeed positive 
profitableness to gas companies, of this ammonia 
process has been practically demonstrated. As re- 
gards cost of purifying material, it is proved to be 
one-half cheaper than lime ; while, being employed 
in self-acting apparatus (washers or scrubbers), it 
also saves the wages or cost of labour in the filling 
and emptying of purifiers, which cost amounts to 
about one-half the cost of the material; and at the 





* Lecture delivered before the British Association of Gas 
Managers, June 11, 1872. 





same time this process (as also the soda one) being 
conducted in closed aa ly would entirely dariate 
the complaints now so urgently made gr the 
nuisance occasioned by the use of lime. fact, as 
I have shown in previous ‘“‘ Notes,” the entire work 
of purification, from the time the gas leaves the 
condensers until it is stored in the gas holders as 
purified gas—purified, too, from the bisulphide of 
carbon as well as from the other and readily remov- 
able impurities—would thus be carried on in per- 
petually closed vessels (emptying themselves into 
closed tanks) exactly similar in character to the 
ordinary washers or scrubbers employed for absorb- 
ing the NHs, in regard to which vessels and their 
working no complaint is, or has ever been, made. 

I may add that should the companies prefer to 
adhere to the sm a of a costly and dirty 
material, lime, ins' of adopting the use of revivi- 
fied gas liquor, it is still open to them to do so 
without occasioning a nuisance to the public. 
Lime, as employed under my new system, is treated 
for two distinct p and in two perfectly 
separate portions—the first, and much the larger 
portion, being — purely to decarbonate the 

, and comes out of the vessels in the inodorous 
orm of carbonate, which is quite incapable of pro- 
ducing nuisance to the public; the second and smaller 
portion is solely to take out the sulphur in all forms, 
and consequently is rary stinking. Now, if a solu- 
tion of ammonia (revivified gas =) be employed 
in place of the lime in the second set of purifiers, this 
is all that is needed to prevent nuisance to the public. 
The larger portion of the lime, viz., in the first 
set of purifiers, can still be retained, without nui- 
sance, while the highly offensive desulphurating work 
will be carried on in perpetually closed vessels, occa- 
sioning no nuisance. I have already said, and shown 
on Mr, Livesey’s evidence, that the employment of 
a solution of ammonia is far cheaper than to use 
lime ; nevertheless, if it please the companies to go - 
on using lime, I have shown them how they may still 
continue to do so, to a large extent, without creating 
the nuisance to the public arising fronr their present 
mode of using that material. 


THE UNITED STATES REVENUE 
STEAMER “RUSH.” 
Concluded from page 458.) 

Tue thrust bearing of which we give engravings in 
Figs. 34 to 39 on page 503, has a running ring made 
in halves bolted together to engage with two grooves 
made on a slight enlargement of the shaft. Two 
stationary rings are fitted loosely to the shaft and at- 
tached by lugs to side rods, tween the running 
ring and stationary rings are arranged travellin 
rings of alternate brass and iron, four on the abead 
side and two on the backing, A peculiarity of the 
arrangement is that the stationary rings do not in 
any way support the shaft but instead rest thereon, 
being simply prevented from turning by lugs in the 
ray * pan. ‘The thrust is transmitted through bolts 
to lugs on a contiguous pillow block, which supports 
the shaft and is diagonally braced to the keelson, as 
shown in the longitudinal section of the vessel, 
Fig. 1 on page 417 of our number for the 1st inst, 
By this plan the thrust surfaces are perfectly free 
to keep a bearing in a vertical direction, no matter 
how much the hull and shaft are sprung by motion 
in @ seaway. 

It has been very common in American merchant 
practice to make the stern-work of iron, even for 
wooden vessels sheathed with ery or yellow 
metal plates. As the Rush was first designed for 
use on the Atlantic coast, where she would generally 
seas boctienandaneianaaeate scigudihg wolaas 
stern bearing and pro were originally m 
cast iron and the shoe and rudder of wrought iron, 
The sheathing for about 15 ft. forward of rudder-post 
was made of lead to retard the destructive galvanic 
action on the stern-work. The station of the vessel 
having been changed to the Pacific the stern-work 
has become rapidly destroyed, and is now being 
renewed in accordance with Mr, Emery’s plans, 
which are shown by Figs. 21 to 26 of our two- 
engraving this week. metal parts are to 
constructed of a composition of et ie of 
to 10 of tinand 2 of zinc, We would call 
attention to the construction of the rudder. As will 
be seen an iron rudder shaft is keyed into a com- 
position frame, but instead of rivetting to the latter 
copper plates, as is usual, which would require a 
large number of holes in frame and a consider- 
able expense, the frame is made of sufficient 
strength to withstand all shocks, and is expressly 








designed to hold wood fillings which can be eovered 
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with sheathing plates in as simple a manner as a | 
ship's hull. To accomplish this the outer and central 
ns of frame and the cross ribs are provided 
with a central flange, over which and down to the 
centre line yellow pine fillings are fitted from each 
direction and secured by a few large copper bolts 
rivetted over rings. It will be observed that the 
widest of the rudder is made near the water 
line, which accords with the results of American 
practice, developed on vessels of light draught. 

‘The propeller, which is shown in Figs. 2] and 23, 
is § ft. 9 in. in diameter, and has a mean pitch of 
15 ft. Mr. Emery has made the subject of pro- 
ae for these small vessels a special study, and 

y making slight differences in those for different 
vessels and watching the results, has been enabled 
to obtain a high degree of efficiency, The necessity 
of considerable carrying capacity renders it im- 
possible to obtain anything more than fair models, 
and the shortness jof the vessels tends to make the 
resistance and power required high, and thereby 
reduce the value of the constant in the formula; | 








speed cube equals midship section multiplied by 
indicated horse power divided by a constant. It is 
a fact, however, that constants as high as 575 and 
620 are obtained for these vessels, which shows that 
ee are remarkably efficient. 

e pitch of the propeller is the same at all points 
in the same transverse plane, but increases ly 
in successive planes from forward to aft. Inasmuch as 
the outer portions of the propeller blades hang further 
aft than the inner portions, the pitch of blades not 








only increases from forward to aft but slightly from 
bow to periphery, the outer portions being inter- 
sected by the transverse planes corresponding to a 
greater pitch. 

All the transverse sections of the blades intersect 
the face in an are of a circle which passes through 
centre of shaft, and has a radius equal to the dia- 
meter of the screw. ‘This form of screw is laid down 
by Mr. Emery by dividing the circumference of the 
face view (see Fig. 23) into 32 equal , and pass- 
ing through the points of division and ceutre of shaft 
arcs of circles with a radius equal to the diameter of 
screw (in this case 8 ft. 9 in.) which are designated 
a, b,c, &c., for the several divisions used for each of 
the four blades. In the side view, Fig. 21, trans- 
verse lines lettered correspondingly a’, b', c!, d', are 
drawn showing the positions of the planes in which 
the several ‘arcs a, 5, c, d, Fig. 23, cut the surfaces 
of the blades. In this case the pitch at a! is 165 in., 
and increases regularly 5 in. for each division, be- 
coming 180 in. or 15 ft. at d' and 195 in. atg'. Re- 
ferring to the angle above side view in Fig. 21, the 
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base of which, X Y, shows a development of #;nds 
of the outer circumference of the screw, the several 
divisions a, 4, &c., on the base line correspond to the 
development of the points where the corresponding 
divisions in Fig. 23 touch a circumscribing cylinder, 
and the lines a', 4', &c., parallel to the base A, A 
correspond to those crossing the side view below, 
and are spaced with a distance increased from left to 
right, comupanang to an increase of pitch of 5 in, 
A curve X Z drawn through the intersection of the 
lines a', 4', &c., with ordinates erected at the points 














a, b, &c., shows the curve and angle of the blade at the 

riphery, and by squaring across from Fig. 23 at the 
intersection of the different diameters, 2 ft., 3 ft., 
4ft., &c., with the arcs a, 4, &c., to the vertical 
lines a', 4', c', &c., Fig. 21, the points of intersection 
will be points in a projection of the working surfaces 
of the blade for the corresponding diameter, In this 
way adding thicknesses of metal in an evident 
manner, the several sections S:, S,, &c., are de- 
veloped. Near the boss the blades are rounded a 
little on the face side to approximate to the form of 





least resistance, where the angle is such that there 
can be no propelling effect. 

The lengths of the several ordinates marked on 
the angle X, Y, Z, are determined as follows: For 
a true screw the distances a! 4', 6‘ c', &c,, or the 
altitudes 45, cy, d,, of the several triangles, on slo 
of main angle X, Y, Z, corresponding to the 
advances made at successive divisions of the cir- 
cumference, would each equal sy of the pitch, but, 
as the pitch is varying, the advances 4 , cy, &c., in- 
crease in proportion to the mean increase of pitch 
from one ordinate to another, In this case, since 
the increase of pitch is 5 in. per division, the increase 
in altitude of the successive triangles is simply yy of 
5in., or .15625 in. 

It is first required, however, to find the length of 
an ordinate for any given pitch. To do this, in a 
simple manner, we may consider the curve X Z made 
up of a series of short lines, each extended half of 
one division on each side of each ordinate; each 
line having the inclination due to the pitch at its 
corresponding ordinate. In such case the increased 
advance per division due to the increased pitch 
would be obtained only at the end of each line or in 
the middle of each division, and the total advance 
at the ordinate itself in the middle of the line would 
be less than the advance due to the pitch by one- 
half the amount of increased pitch per division, 
Therefore with 32 divisions the advance of yy of the 
pitch at a given ordinate will not be obtained till 
progress is made half of one division or z; of the 
circumference beyond this ordinate, consequently 
the advance at the ordinate itself will equal ys of the 
pitch at that point less 7; of the increased pitch per 
division, In the case in point, the pitch at d being 
15 ft. or 180in., the advance d,. equal 180+32= 
5.625in., minus 7; of 5 in. or .078125 in., hence d, 
=5.546875 in. The other ordinates are found as 
previously indicated, simply by adding or sub- 
stacting from the advance of an adjacent division, 
sy of the increased pitch per revolution =,15625 in. 
In Fig. 61 the several advances are added together, 
giving the full length of ordinates from base line 
mm Ys ing a=0; b=5.234;. c=10.625 5 d= 
16.172; e=21.875; f=27.734; g=33.75. In, con- 
structing the screw the pattern maker forms an 
angle of the dimensions. shown, and builds By a 
blade or blades of parallel pieces with moulding 
edges curved as per arcs a, 6, &e,, in Fig. 23, the 
outer ends of the pieces being adjusted, as they. are 
secured together to the angle at. periphery... Lhe 
surplus being cut off the outline of blades is laid out 
in the usual way, The curve X Z, being a para- 
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bola it may be laid out by ordinates calculated in 
a number of ways. The simple arithmetical plan 
above described accomplishes the purpose in a very 
ready manner, while the system insures positive 
accuracy. The —— of Mr. Emery indicates 
that the pitch should expand in the maximum width 
of blade, or, say, for one-eighth of arevolution, only 
about as much as the slip of the screw in ordi 
weather. For e screws the increased pitch for 
average width of blade, or one-eighth of circum- 
ference, is assumed at 10 per cent. of the mean 
pitch, in which case the advance at mean ordinate 
equals the pitch at that point multiplied by 
.030859375, and the advance for any other ordinate 
equals advance for an adjacent ordinate, plus or 
minus .00078125 times the pitch. The decimals are 
given in full, as it enables the calculations to be 
checked, since the longer ordinate for 2, 4, or any 
even number of divisions, each side of mean ordinate, 
should — vs, vy, &c., of the mean pitch. For 
an expanding pitch of 12.8 per cent. of mean pitch 
in one-eighth of a revolution the advance for mean 
ordinate would equal .03075 times the pitch, and 
other advances would equal the ae advance, 
oe or minus .001 times the pitch, simply. Mr. 
Cmery has decided, after several trials, upon the 
general outline of blade shown, in which it will be 
seen that the leading corners are cut away more than 
the following corners. For the particular vessels 
experimented with he finds that the maximum length 
of lade should equal one-eighth of the pitch, which, 
as the corners are well rounded, reduces the pro- 
jected surface to about 45 per cent. of the disc. 
Vith this proportion good oo is obtained, and 
efficiency in steaming against head seas, towing, &c. 
A falling off in useful effect has been found by 
making the surfaces less than indicated, though it 
is probable that the proportion is larger than would 
be found advantageous with larger propellers. 

The boiler of the Rush is represented in Figs. 27 
to 30 of the two-page engraving which we publish 
this week. In designing the boiler it was necessary 
to obtain considerable power in small compass, and 
as it was desirable in these vessels to have the 
galley over the boiler, it was not practicable to 
put in a single boiler with a cylindrical shell without 
crowding up the deck above, so as to prevent 
utilising the deck-house for the purpose desired. 
Two boilers would have been impracticable in so 
narrow a vessel without wasting the space of stowage 
of coal. Under these circumstances Mr, Emery 
designed and 7 ary the boiler shown in our en- 
gravings, which, it will be seen, consists of two 
shells each in section shaped like a large segment 
of a circle, the two shells being joined together and 
braced across at the ends of the arcs. These shells 
are arranged horizontally with the fire underneath, 
the same as in land boilers, water walls being sub- 
stituted for the ordinary brick walls, The plates of 
the water walls are rivetted to the shells and connect 
into water spaces at front and rear of boiler, a back 
connexion being formed in the usual way. The 
spaces between the water walls are connected with 
the interior of the boiler shells by narrow trans- 
verse slits, a plan of which is shown in Fig. 30, which 
do not materially injure the strength of the shells 
as they reduce the section less than a line of rivets, 

The strains are practically the same as if the two 
shells were complete circles, the vertical strains at 
the points of junction being met by cross ties, and 
the side thrust in one portion, due to a removal of a 
portion of the circle, being balanced by an opposite 
and corresponding thrust. This arrangement secures 

ater internal capacity in a given space than 
could be obtained in two complete shells with the 
neceseary spandrel spaces between them, and it has 
the advantage that there is but one boiler to care 
for.. The details will be understood by inspection 
of our engraving. In this case no water bottom is 
provided. ‘The spaces between the front ends of 
the water walls are occupied by grates 6 ft. 4 in. 
long, the rear ends of rear sections resting on a com- 
bined bearer and bridge wall. Behind the bridge 
wall plates are inserted which are covered with brick. 
The bridge walls, plates, and bricks, &c., are re- 
movable, to expose all parts of the water walls for 
examination and repair. The tubes comey. 
lower portion of the double shell, a space being 
left, the whole length of each part of the boiler, 
between the lower tubes and shell to which access 
may be obtained from manholes in the water 
front. Theses are connected for circulation 
to the rear water walls by large water tubes cross- 
= iy back connexion. 

front connexion contains no water spaces, 


dinary | boiler shell through oval 


but is built with double plates separated by an air 
space, Above this connexion is arranged the super- 
heater, or, as itis called in the United States, the 
steam chimney, which is a se te structure, with 
a sectional outline like that of the boiler, and con- 
tains two flues connected to one smoke-pipe. The 
steam chimney connects to the two portions of 
ipes of sufficient size to 
give access from boiler to . The tube sheets are 
stayed entirely by the tubes. The upper portions of 
the boiler ends are stiffened by double rows of angle 
iron, and between the rows are spaced stay bolts, 
which extend from one head to the other, and at 
each end have double nuts, the outer ones bearing on 
washers on the plates, the inner ones on washers 
fitted to bear on the protruding flanges of the double 
angle irons. The stays are divided in the centre 
and connected by single and double eye-joints for 
convenience of removal. 

The two portions of the boiler shell at the ends of 
the arcs are flanged to fit and rivetted through a 
central tie plate. The external joints are covered 
by plates E secured to the boiler shells by rivetted 
and caulked joints, the triangular s enclosed 
being connected to the boiler through slots similar 
to those for the water walls. It will be seen that 
the portions of boiler shell forming furnace crowns 
are accessible for cleaning, &c., through the man- 
hole, so that there is no danger of overheating by 
accumulations of scale or other deposits. 

The boiler is designed to carry re; ly 80 Ib. of 
steam, though more would be allowed by the United 
States laws. The lower sheets of the main shells 
are 3% in, thick, the upper sheets } in. thick, and the 
main tie plate } in. thick, The general proportions 
of the boiler are as follows : 


ft. in. 

Length of boiler ns o 12 0 
Diameter of each shell eco on 6 2 
Number of tubes... 158 
Diameter ,, outside ‘ 0 3} 
Length on ae ose ° 9 8 
Total heating surface of boiler 1572.85 sq. ft. 

»» grate surface ... - eee 57 - 
Sectional area through tubes ove 7.74 4, 
Heating surface—grate surface 27.58 


Grate surface — sectional area of 
tubes po ese eco ine 7.37 4, 

The boiler of the Revenue steamer Dexter is like 
that of the Rush, except that the metal is a little 
thinner. The boiler of the Dallas has the same 
general features, but being for low-pressure steam, 
the front connexion and steam chimney were built 
on the boiler. Particulars of the performance of 
these boilers will be found on page 129 of our nine- 
teenth volume. 

These boilers have now been in operation over 
two years with only the ordinary attention given to 
other boilers ; the peculiar features apparently not 
affecting in any way the matter of repairs or dura- 
bility, The system furnishes a ready means of mak- 
ing powerful boilers for high or low steam pressures 
with reduced height, or to fit the space available, as 
the number of shells may be extended laterally to 
any desired extent. Mr, Emery proposes in certain 
cases on men-of-war, &c., to make the shells the 
full height of the boilers and use internal circular 
furnaces as in the ordinary high-pressure boilers. 

We add also in Figs. 31 to 33 of our two-page en- 
graving, views of the boiler of the United States 
Revenue steamer Gallatin, the general proportions of 
which are as follows: 


ft. in. 
Length of boiler... os eee oe 15 9 
Width of front and diameter of cir- 
cular shell _... smn ene om 10 0 
Height of boiler to top of circular shell 10 3 
Diameter of steam chimney ... we 6 6 
» %° ” flue eee 3 6 
Height of steam chimney above shell 
of boiler ose ove eve bee 7 0 
Number of furnaces __... oe 2 
Direct flues: 2 of 28 in., 2 of 18 in., 2 
of 12in., diameter; all 3 ft. 7 in. 
long. 
Return tubes 124 in number, each 3} in. 
in diameter and 10 ft. 9 in. long. 
Length of back connexion «+ eve 20 
90 front 99 2 6 
sq. ft. 
Grate surface ... ose eee eee 55.25 
Cross area of tubes for draught eee 7.20 
Water-heating surface ... oad «+  1805.163 
Steam-heating surface ... wee nd 105.301 
Ratio of cross area tubes to grate surface 7.68 
»» grate to heating surface eve 32.6 
5, ross area tubes to heating sur- 
Ratio cross area tubes to steam space 
(9 in. above tubes) ... be ote 52.2 


This boiler was designed to carry 60 1b, steam 





pressure, and isa heavy example of a t very 
common in America, known as the flue and return 
tubular. The rear portion of the shell is circular. 
Other principal features of the construction will be 
understood from the engravings. Mr. Emery is 
particular in bracing the crown sheets of such boilers 
to distribute the braces as though they were in- 
tended to support a flat surface the entire width of 
the boiler, which is not well attended to by all de- 
signers. It will be seen that although the sides of 
the furnaces are rounded, the strains tending to 
separate the top and bottom of the boiler are not 
thereby diminished, and hence no wide gaps should 
be allowed between vertical braces at centre of 
boiler, as if often done. 

The superheater or ‘‘ steam chimney” is built on 

the boiler as in ordinary American practice, but to 
ag for the resistance to transverse disruption 
ost by cutting out the main shell under steam 
chimney, Mr. Emery puts braces P P directly across 
the mouth of the opening on the principle of the 
tie-plate between the two shells on the boiler of the 
Rush. It will be observed that the legs of the 
Gallatin’s boiler are semicircular, which is the ordi- 
nary American practice. On the Rush the side 
plates of the water walls are flanged outwards and 
rivetted to flat plates (see Fig. 27). Both plans 
have worked well. As shown in Fig. 28, ashpans are 
placed under the furnaces in these boilers. These 
are ordinarily kept filled with water. In other cases 
a brick floor is laid under the boilers. Water 
bottoms are now rarely used on American boilers. 





GUNPOWDER PILE DRIVER. 

To THE EpIToR OF ENGINEERING. 
_ Srez,—In the very full translation which you have given 
in your numbers of May 25th, June Ist and 8th, from the re- 
port of M. Hacquard, as contained in the Annuaire de la 
Société des Arts et Métiers, your readers would naturally 
be led to false conclusions from the estimates therein given 
as to the actual cost in money and time of driving piles by 
the present improved gunpowder pile engines, because 
they would view it from the standpoint from which M. 
Hacquard has drawn his conclusions. First, les me say, 
that the machines of which he treats whilst possessing some 
advantages over the first jones made and successfully used, 
were, to say the least, very ill-adapted to the work they 
were put to do, and not at all up to the improved forms 
now used, nor the proportions which have been found the 
most advantageous. 

- The gunpowder pile-driving engines which M. Hacquard 
reports upon, were made by Herr L. A. Riedenger, of 
Augsburg, from such drawings as he could command in 
1873, and were improved upon by him, only as his actual 
and limited experience in their use led him to make the 
changes he deemed necessary. Consequently mistakes were 
made, which with machinery of less actual merit might 
have proved fatal to their further use. For example, one 
of the prime necessities of any machine is to have it 
adapted and Fe wer ge to the work it has to perform. 
No one would think of rivetti up a boiler with a tack 
hammer, nor driving a tack with a hydraulic rivetter, and 
yet the report shows that one of the gunpowder pile drivers 
used of Herr Riedenger’s make actually had a mortar of 
1763 lb. weight and a tup of only 1543 lb., whilst the pro- 

rtions proper to be used for such a mortar would have 
een a tup of atleast 2200lb.! Besides this blunder, the 
diameter of the bore in the cannon was but 6in., giving 
ry an area of 28.274, instead of 7} in. with an area of 
44.178 in., which would be the usual proportions demanded 
by the inventor, where so a machine would be re- 
quired as to necessitate the use of a mortar of nearly 
1800 lb. These reversals of the weights of tup and mortar 
and reduction in the bore of the latter, would necessarily 
produce the most unfortunate results in working the 
machine, whilst the discharge of a cartridge of compara- 
tively weak powder, weighing 1} 02. to 2 oz. in a chamber 
having only about one-half the area required for it by the 
inventor, and the pile being forced to receive the pressure 
after it had been expended in setting in motion an inert 
mass of metal of more than three-fourths of a ton weight, 
would very naturally produce a resultant effect not at all 
satisf. to the contractor ; therefore it is scarcely to be 
wondered at that more than five times the number of blows 
appear to have been fownd necessary to bestow on each 
ptle, than is usually loyed by these machines in even 
more unfavourable soil that reported on by M. Hac- 
oe. Perhaps it was in the effort to overcome this very 
ifficulty that another mistake was made of a still more 
disastrous character, viz., the use of a 4 4 com- 
pound. The one point always insisted upon by Mr. Shaw, 
the inventor of this system, has been the use of a slow 
burning powder, which shall make large proportions of gas 
and smoke, so as to give a species of continuous pressure 
on the head of the pile, instead of using a quick-burning 
powder, which in its instantaneous explosion would tend to 
throw the tup upwards immediately on the eee | 
place, and thus allow the escape of the 
of the mortar before their power be felt on the head 
of the pile. Herr Riedenger however appears to have acted 
on exactly the opposite principle to that laid down by the 
inventor, and he 209 not only obtained the opposite result, 
but has also succeeded by gradually f the charge 
of the nitro-glycerine compound in bottom of 





the cannon, h without injuring any one but the 
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patentees, who would naturally suffer in the pocket by all 
such errors. 4 

Can anything be more disheartening than to see care- 
frlly formed ideas and principles entirely disregarded or 
set at defiance when a really valuable invention on which 

ears of labour and thought, beside large sums of money, 

ave been expended, is thus treated, either through mis- 
take or wilful disregard of the principles laid down for 
using the invention? 

Some gunpowder it appears must have been used, as the 
item of 24l.(!) is charged for 212 lb. of gunpowder (!) used 
in driving 90 small piles at the Dresden Bridge, all of 
which instead of requiring 40 minutes with 53 cartridges 
to each pile, could readily have been driven with a fai yar | 
made gunpowder engine in one-fifth of the time and wit 
one-fifth of the powder. The charge made by M. Hac- 
quard for powder of 2s. 3d. per pound, when the English 
cost does not exceed 6d. per pound for the cartridges here 
employed, quite explains in connexion with the loss of time 
in driving, why the gunpowder system shows a greater 
cost than the combined system noted. It seems, how- 
ever, that the traffic at the Dresden Bridge interrupted 
the pile driving very greatly, and alsothat they deemed it 
obligatory on them to stop some minutes on each pile to 
‘* grease the piston,’”’ a totally unnecessary performance ; 
for if the proportions of the piston of tup and mortar had 
been properly observed this would have been quite useless, 
as the “‘ fouling’ of end of the piston and cannon is abso- 
lutely required to form the proper ‘‘ packing,’”’ and thus 
prevent the too rapid escape of the gases and smoke at the 
moment of explosion of the cartridge. 

In another instance we find this machine was used to 
drive piles 10 ft. or more below the level of its platform, 
requiring the use of a long ‘‘ dolly,” whilst the machine 
was not built for such work, and was not in the right 
proportion to obtain the best results from it. This method 
of driving by using an intermediate pile or “‘ dolly’’ through 
which the force must be first expended before the penetrat- 
ing pile can be acted on, is very unsatisfactory under any 
system; but Herr Riedenger appears to have had no 
hesistation in applying his machines to any work offering, 
however ill-adapted they may have been for all the classes 
of work which he ventured on. Notwithstanding the diffi- 
culties enumerated, however, M. Hacquard frankly admits 
that for many pile-driving enterprises, the gunpowder 
system presents advantages which can never be reached by 
steam; such as having a motive power always at hand 
easily transported, and when rapidity of action is more a 
matter of consideration than the cost of the powder, he 
thinks it will be used ; because, as he says, steam cannot 
be ‘‘emmagasinée.’”? Had he made his estimates of the 
English cost at 6d. per pound for the powder, instead of 
2s. 3d. as charged, we think the cost of driving piles would 
have appeared to him in a very different light from the 
estimates he has given in his report, as he admits the 
powder played the principal réle in the condensed estimate 
of comparative cost between the “ combined three steam 
machines,’’ the ‘‘ gunpowder machine,’ and the machine 
‘* 4 tirauder’’ which he gives relatively as 1.0, 2.3, and 6.78. 
With powder at English cost, or one-fifth the price charged 
in the report, these results would show the gunpowder 
engine much the cheapest as well as most effective when 
properly made. M. Hacquard also states thatas compared 
with the heavy steam pile drivers, which cost so largely in 
repairs, the gunpowder machine presents great advantages. 
In this he is quite correct,'as the writer has been assured 
by an eminent engineer in America that his improved gun- 
powder pile driver, although in nearly constant use for two 
years, had not cost him 20s. for repairs during that time, 
M. Hacquard also admits that the facility of mounting 
and dismounting the improved gunpowder machines pre- 
sents great advantages, as a few hours suffice for their 
erection or dismounting, whilst the comparative cost of the 
Nasmyth and the Shaw machine is very much in favour of 
the latter. M. Hacquard suggests (doubtless from his ex- 
perience in the improperly constructed machines presented 
to him) thatthe maximum dimensions of the piles which 
could be driven in compact gravel by such a machine would 
be for a 15 ewt. mortar, a pile of 23 ft. by 1 ft. or 
thereabouts. Now I quite as certainly assert that 
50 ft. piles of 14 in. in diameter could be readily 
driven in the same soil with the same mortar having a 
7iin. or Sin. bore, and of proper relative proportions, 
and such work has been done repeatedly in the United 
States. The gunpowder machine of Shaw’s construc- 
tion can readily be worked by ordinary skilled labour, 
and does not require the great precision which might be 
inferred, and 15 to 20 strokes per minute, when so many 
are needed, can safely be given, although the average 
number of blows in large operations seldom exceeds 10 to 
15 per pile, which allows ample time for the cooling of the 
cannon if it should become heated by too rapid discharges. 
The possibility of the cannon heating and expanding by 
rapid firing so as to permit too great an escape of gas from 
the mouth of the cannon before a proper pressure is brought 
to bear upon the head of the pile, is in the late machines 
provided for by suitable expansion rings on the end of the 
piston of ram, so that the necessity of the suggestion of 
M. Hacquard is done away with. The rupturing of the 
bottom of the mortar by the'nitro-glycerine, as stated, was a 
natural result from employing such a material. It may be 
only necessary to say no instance has ever occurred in the 
United States, where they have been extensively used, of 
any malleable iron or steel cannon having been ruptured. 
The work on which it has been employed by the American 
engineers, if we may judge by the testimony supplied, 
shows as refractory a soil into which the piles have been 
driven as any M. Hacquard alludes to, and it is especially 
in large piles that the greatest success is claimed, and not 
in the lighter ones! on which M. Hacquard {thinks the best 
results will be likely to follow. The calculation made by 
him, in which the mechanical effect of one gramme of 
powder, as used in the machino, produced a certain given 





result in foot-pounds of pressure, is doubtless correct, but 
if he used a machine falsely made the results will be fals 
stated, so far as the real power of the powder is concerned, 
and this is just what has happened, for had these machines 
been properly constructed the calculations of force would 
have shown entirely different results, as three-fourths of 
the effective power of the machine was lost by its mal- 
construction, and this is not cha: ble to the powder, 
which had it been of the proper kind and as cheap in price 
as English or American powder, would have shown very 
different proportionate costs, and a very great difference 
in the results of the pile-driving from that reported by M. 
a and very much cheaper than the steam ma- 
chines. 

That proper proportions must be observed in charging the 
mortar with cartridges any sensible man may admit, and 
with the due care necessary any impediment, such as a 
‘* boulder’’ or sunken timber, may be “‘ felt,’’ and guarded 

inst, just as in hand pile-drivi With a machine 
like the gunpowder engine, which has been estimated to 
give a pressure of 300,000 lb. upon a square foot of pile 
head, it would seem that ordinary experience would require 
that the operator should not exert a force which would 
crush the pile endwise if it met with an obstruction which 
it could not pass? Therefore, if the diagram of the piles 
as shown by M. Hacquard after driving in gravel soil 
filled with basaltic boulder be a real one it only proves a 
recklessness in the use of the machine which n proper 
regulating ere a fair report can be made upon its merits. 
If good tools are to be thrown aside because they exert 
too + a power the steam engine may well be discarded 
and d labour again resorted to. . 

The amount of penetration which appears to have bee 
reached with the piles driven by the ill-contrived machines 
exhibited to M. Hacquard, appears to have been about 
one-fifth of that reached in the United States with the 


machines properly made, and the time employed is in the |. 


same proportion. 

In the Wilhemshafen test the proportions of tup and 
mortar appear to have been better preserved, but the bore 
of the cannon, if it was also but 6 in. instead of 8 in., as it 
should have been for the weight of the mortar given, 
would give only an area of 28.274 in. instead of 50.265 in., 
which would be fatal to its effective working. I+ is most 
natural, therefore, that such a departure from the 
principles of the inventor should result disastrously, 
whilst the number of blows of this ram being only six per 
minute instead of nearly three times this number would 
necessarily give but very slow work indeed for such an 
effective machine as this should be. 

Reviewing the whole of M. Hacquard’s report we can 
but be led to think that it has been {made with much care, 
and that the results so far as the gunpowder pile-driving 
machines are concerned, the report shows the utmost fair- 
ness of intent to give it all the merit claimed for it as far 
as the machines, presented for his use could illustrate the 
value of the invention, but owing to a want of proper com- 
prehension of the true necessities of the machines by the 
builder, Herr Riedenger, the results reached were sadly 
in arrears of what the machines should have arrived at, 
and most disastrous to the prospects of the inventor and 
patentee. Nor was this result entirely owing to mistakes 
of Herr Riedenger, who worked in 1873 upon the informa- 
tion then possessed by him, since when many decided im- 
provements have been made, and consequently better 
results arrived at, and the writer does not now hesitate to 
assert that the gunpowder pile driver, invented by Mr. 
Thomas Shaw, and perfected by Lieutenant F. C. Prindle, 
late United States Superintendent and se of the 
New Navy Yard, at League Island, eo = » is by far 
the most perfect, cheap, and simple of any which has come 
under his knowledge. 

PHILIP SYNG JUSTICE. 

27, Southampton-buildings, Chancery-lane. 








THE SHIPWRIGHTS’ EXHIBITION. 
To tHE EpiTor oF ENGINEERING. 

Srr,—As an exhibitor at the Shipwrights’ Company’s 
exhibition of ship models in Class A, Section 4, and 
Class F, I desire to call attention to the unsatisfactory 
decision of the judges in these two classes. In the first it 
is stated ‘“‘no prizes are awarded,’”’ and in the second 
** none of the models fulfil the conditions.’ Itis remarkable 
that these are the only instances in which special con- 
ditions were laid down limiting the designs to certain pro- 
portions ; it may, therefore, be interesting to examine these 
conditions. . 

Class A, Section 4. ‘‘ River passenger paddle steamers 
not exceeding 125 ft. length; draught loaded 3 ft., pas- 
senger accommodation for about 400. Speed 15 knots 
with compound engines.”’ 

Class F’. “‘ River tug with power to tow 300 tons three 
miles per hour against a four-mile current, limited to 80 ft. 
by 18 ft. 6 in., and 2 ft. 9in. draught.” : 

The exacting nature of the above conditions are credit- 
able to the ingenuity of their originators, and may pro- 
bably account for the non-success of any of the competing 
designs. 

Semeding the first, I can confidently assert that there is 
not a passenger paddle steamer afloat of similar length 
and draught carrying compound engines, and steaming 
within a knot of the required speed. There were three 
competitors in this class ; we must conclude they were all 
equally bad, none meriting acknowledgment as even ap- 
proaching the stipulated standard. 

In the second, the limited breadth necessitating the 
adoption of screw —- four models were exhibited, 
two twin and two treble screws, none apparently equal to 
the emergency set forth in the conditions. 

The problem here seems to be one of power for towi 
purposes. We find in the catalogue. No. 1 has 160 an 





No. 3 has 120 indicated horse power, both being treble 
screw designs, the others not being stated. 

Now it is doubtful whether the judges, in this class 
especially, were oe to consider the subject of resis- 
tance of floating ies, 80 we assume they are 
of some reliable data of the towing a of tugs on 
which to base their decision; it is, therefore, to be re- 
gretted that they decline to enlighten the competitors on 
the deficiencies of their designs. As from a knowledge of 
the ormances of the double-ended screw tugs on the 
Clyde, I consider it apenas whether the condemnatory 
decision was deserved by all the designs submitted. 

Asa proof that model of tug No. 1 fulfilled the condi- 
tions as far as dimensions are concerned I send you a cop 
of the design, the model being, by request, now exhibite 
at the South Kensington Museum. The late exhibition 
being advertised as a competitive one, the withholding of 
the prizes seems at variance with the acknowledged inten- 
tions of the Shipwrights’ Company, which was ostensibly to 
promote the advancement of naval design, instead of, as ap- 
pears to have been the case in these two instances, to ob- 
tain the best designs possible to serve some particular ends 
and then refuse the competitors the satisfaction of know- 
ing which possessed the most merit. 

, "ang the visitors were entitled to some consideration to 
enable them to verify their own judgment of the various 
models in each class; indeed if the worshipful company 
meditate another venture of a similar nature it would be 
as well if they gave both competitors and visitors a chance 
of criticising the soundness of their awards at an earlier 
date than the one preceding the close of the exhibition, or 
it is to be feared that the good intentions of their object 
will be defeated. 

I remain, Sir, yours truly, 
Gzo. Scorr. 
147, Govan-road, Govan, Glasgow, June 25, 1877. 








HIGH-PRESSURE STEAM. 
To THE EDITOR OF ENGINEERING. 

Srr,—Will you allow me to supplement the figures given 
y Mr. Wilson in your last number by the following short 

able, showing the size of engine, and the coal per indicated 
horse power, with different pressures and rates of expansion. 
(These figures I should add are abstracted from the 
‘** Theory and Action of the Steam Engine.””) The boiler 
efficiency is taken at .71. 
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Although on the one hand I quite think that pressures of 
from 60 to 80, and rates of expansion of from 6 to 8 are at 
resent the most commercially economical, yet on the other 
d I fully believe that pressures far in excess of 300 lb., 
and rates of expansion far exceeding 75, will eventually be 


employed advantageously. Whether any further gain will 
3 _ from allstylee cylinders appears very 
ou “ 


I am, Sir, your obedient servant, 
W. H. Norrucorr. 
8, Union-court, E.C., June 27, 1877. 








PERMANENT WAY FASTENINGS. 
To THE EpITOR oF ENGINEERING. 

Sir, — Referring to the letter of pry correspondent 
**P. A, M.”’ in your number of the 18th of May, under the 
heading of ‘‘ Permanent Way Fastenings,’’ it would appear 
by his criticism of my » which was described in your 
journal of the 6th of April last, that he does not appreciate 
all the points of difference between it and the permanent 
way used on the Great Western ilway, or, in other 
words, that he has overlooked some of the chief advantages 


claimed for my system. _ 
The Great Western rail having so narrow a base was 
found to sink into the longitudinals, and required a trouble- 


some and expensive system of poke. 

I desi my rail to overcome this serious objection, 
and with a bearing of Sin. cr 9 in. in width, there is no 
fear of the rail sinking into the timbers. Any practical 
man will at once see that there is no difficulty in properly 
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THE PENNSYLVANIA RAILROAD; SAND DRYING FURNACE. 
(For Description, see Page 494.) 
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filling the hollow of the rail, which isa perfect rectangle, | Pty * Hiau Pressure STEAM” : Reneune ay oleae 
so as to utilise the full width for bearing surface. i phical error the re ‘6’ was introduced in the top line of 
At the joints I have an angle-piece of wrought iron O the second table of Mr. Wilson’s letter on ‘‘ High Pressure 
filling the hollow of the rail exactly, in addition to the Steam,”’ which appeared on page 479 of our last number. 








The figure ‘‘6’’ should be omitted, and the re ‘*8” in 
the top line ought to stand over the figures ‘‘40” and ‘‘}’ 
in the subsequent lines. 


| as used on the Great Western, and with four holding- 
own bolts this ought to make a perfect joint; or the 
joints may be formed with the steel clip plates which are 
now so extensively used. 

Then, again, the longitudinals used on the Great 
Western are la and costly balks of timber, for the 
reason that they have to carry everything, the cross pieces 
not supporting or being placed underneath them, but 


AMERICAN BripcEs.—During the year eating October; 
-T 1876, three spans of the Susquehanna ex and a bridge 
I | over the Big Elk on the Philadelphia, Wilmington, and 
L___ FRAME ALL WROUGHT TRON Baltimore railroad were rebuilt in iron. There remain but 





















































simply acting as distance pieces or ties. rai hanna bridge to be 
P In —/ system =, _ ties oe > seal transverse | u See Lette ey Ne be Ae pee work will be 
eepers forming the foundation of the road, answering, in | em ; : 
fact, to the sleepers in the present cross timber system, Anty freton Rollers for back end of Sand Dryer completed this year. 
and with a plank or longitudinal 4in. thick secured over — - 
them for a continuous bearing, a firm “ platform’’ road is | Fug 9 Tue Jersey Harsour Works.—At a recent meeting 
made at - much less cost, and which is obviously an im- ¥ ] | of me a ~— — eg it Hoey ery 
rovement i ‘ eae | to ti } ress a er: ‘imes, decid 
With sagned to Tastegings, I do not confine myself to} | jreoeww- Hh delay of two months, fixed by Act of the States of the 
coach screws or fang bolts, but can use any fastening that > + 6th April, 1877, for suspending the works, having expired : 
experience has proved the most suitable. Engineers on ane L.-J That the plans proposed to be substituted for the prosecu- 
different lines have strong preferences for certain kinds of sreai)L_| __ tion of said works would entail a | ture than 
ee. . thle is, therefore, a detail in which some the revenues of the ictend = justify 5 Be beeen —— 
itude is . aaa tances it is advisable to cease a xpen 
pe om Sir, your obedient servant, * 33) with peapest ‘to the said works. The States have authorised 
W. Szaton. 5 the Committee of Harbours to notify to Sir J. Coode and 
P.S.—Absence abroad has prevente1 me sending this to the other engineers employed on the said works that the 
communication at an earlier date. States will dispense with their services at the expiration of 
London, June 25, 1877. three months. 
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THRUST BEARING OF THE U.S 












































. REVENUE STEAMER “ RUSH.” 
(For Description, see Page 498.) 





Fig 35. 
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HALL’S COMBINED STONE BREAKER AND ENGINE. 


CONSTRUCTED BY THE SAVILE STREET FOUNDRY AND ENGINEERING COMPANY, SHEFFIELD. 


On page 434 of our twenty-second volume we published 
an illustration and description of Hall’s stone-breaker, 
manufactured by the Savile Street Foundry and Engi- 
neering Company, of Sheffield. One of the features of 
these machines is forming the movable jaw in two pieces, 
each worked by independent toggle levers and eccentrics 
set on the same shaft to make alternate strokes. The 
object of this arrangement is to reduce the strain on the 
frame, only one half the width of jaw being in operation 
at one time. Mr. Hall also introduces loose cutting faces 
on the movable jaws, which can be easily removed and 
replaced with others when worn out, thus saving the 
expense of a new jaw. The serrations on the lower part 
of the fixed jaw are also placed ata closer pitch than in the 
upper part, with a view to improving the cubing action 
of the machine. The rubber spring employed in the 
Blake stone-breaker is also abandoned, and two rods are 
substituted, so arranged that the motion of one jaw with- 
draws the other. The annexed illustration shows this 
form of machine fitted with an engine which is bolted to 
a bracket on top of the frame. On each side of the 
bracket are two sets of slide bars in which work the 
slides of the crosshead. The latter is a long tubular 
casting with a collar shrunk on at each end, where the con- 
necting rods to the flywheels are attached. The engine 
and working parts are securely cased in to preserve them 
from dust, and it will be observed that the engine being 
entirely self-contained, can be added without difficulty to 
any of the belt-driven machinery if desired. The whole 
arrangement is compact, and possesses many features to 
recommend it. 
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THE MANCHESTER STEAM USERS’ 
ASSOCIATION, 


WE make the following extracts from the last report— 
referring to the period between April 21 and June 22—of 
Mr. L. E. Fletcher, the chief engineer of the Manchester 
Steam Users’ Association. 

‘* On the present occasion I have nine explosions to re- 
port, by which twenty-three persons have been killed and 
eleven others injured. Not one of these explosions arose 
from boilers under the charge of this Association. Though 
as many as twenty-three lives have been sacrificed by these 


explosions, all of these catastrophes were due to the | sugar 


simplest causes and might have been prevented by com- 
petent inspection and the exercise of due care. _ 

** Some of these explosions arose from wasting of the 
plates, the metal being so reduced that it was no thicker 
than an old sixpence, while others arose from excessive 
undue pressure of steam which my have been avoided 
by ordinary care, and others again from the neglect of the 
simple precaution of strengthening furnace tubes with en- 
circling hoops to enable them to resist collapse, on which the 
late Sir William Fairbairn wrote so much, the adoption 
of which is open to all. In two cases the boilers were old 
and second-hand, having teen worked first by one owner 
andthen by another, and soon. One of these wasa little 
boiler that had been used for driving a ‘ roundabout,’ after 
which it had been sold for 12l., then re-sold for 5l., and 
then sold again for 161., when it burst the first time steam 
was got up in it by its new purchaser, killing two people, 
one of whom was the owner himself. Had explosion 
occurred when the boiler was employed in driving the 
‘*roundabout,”’ no doubt a number of lives would have 


been sacrificed. It is by no means uncommon to employ | miles 


small boilers at fairs for driving ‘‘ roundabouts,” and they 
are placed in such a oa nee that an explosion arising from 
them would be most di us. There are no such boilers 
under the inspection of this Association, but a case was re- 
to me some time since in which a safety vaJve on a 
iler in the midst of a fair was ina dangerously overloaded 
condition, so that the lives of a number of people must have 
been in jeopardy. : 

“*In every case where ‘coroners’ inquests were held the 
usual verdict of ‘‘ accidental death’’ was brought in, one 
coroner stating in his summing up, that although the 
boiler was clearly not fit for the Memon at which it was 
worked, and though it looked as if it was intended more for 
scrap iron than anything else, yet that the man who had 
sold it, reporting it to be safe for the pressure at which it 
was about to be worked, had nothing to do with the cause 
of the death, because it was the purchaser’s duty to see 
that the boiler was Bed tested before getting steam 
up. It is always well to know what the law is, and this 
seems highly in favour of second-hand boiler di » who 
would appear from the above to be at perfect liberty to 

m off old worn out boilers on any one they can to 

uy them, and then, when the boilers burst with fatal con- 
sequences, to rely upon the coroner to pronounce them 
innocent, and to ch the jury that they had nothing to 
do with the cause of the explosion.”’ 





THE INSTITUTION OF CIVIL ENGINEERS, 

Tun following is the list of premiums awarded by the 
Council of the Institution of Givil Engineers for papers 
contributed during the past session : 

1. A Watt M and a Telford Premium to William 
Worby Beaumont, Assoc. Inst. C.E., for his paper on 
** The Fracture of Railway Tyres.”’ 

2. A Watt Medal and a Telford Premium to William 
Cawthorne Unwin,* B.Sc., Assoc. Inst. C.E., for his paper 
on “‘ The Resistance of Boiler Flues to Collapse.”’ 

3. A Telford Premium to Robinson Souttar for his 

r on “‘ Street Tramways.” 
A Telford Premium to Isaac John Mann for his paper 
on “ The Testing of Portland Cement.”’ 

5. A Telford Premium to William Anderson, M. Inst.’ 
C.E., for his ‘‘ Experiments and Observations on the 
Emission of Heat by Hot-water Pipes.’’ 

6. A Telford Premium to John Baldry Redman, M, Inst. 
C.E., for his paper on ‘‘ The River Thames.’”’ 

7. A Telford Premium to Henry Robinson, M. Inst. C.E., 
. his paper on ‘‘T'he Transmission of Power to Dis- 

ces.” 

8. A Telford Premium to Alexander McDonnell, M. Inst. 
C.E., for his paper on “‘The Repairs and Renewals of 
Locomotives.”’ 

9. A Telford Premium to Richard Henry Brunton, 
M. Inst. C.E., for his paper on ‘‘ The Japan —. 

10. The Manby Premium to Charles Norman Bazalgette, 
Barrister-at-Law, for his paper on ‘‘ The Sewage Question.”’ 

The Council have likewise awarded the following prizes 
to Students of the Institution : 

1. The Miller Scholarship to Percy Ruskin Allen, Stud. 
Inst. C.E., for his paper on ‘‘ Machine Tools.’’ 

2. A Miller Prize to Arthur Cameron Hurtzig, Stud. 
Inst. C.E., for his paper on ‘‘ Submarine Foundations.” 

3. A Miller Prize to Charles Graham Smith,+ Stud. Inst. 
C.E. for his paper on ‘‘ The South Reserve Floating Land- 
ing rp and Piers at Birkenhead.’’ 

4. A Miller Prize to Richard John Gifford Read, Stud. 
Inst. C.E., for his ‘‘ Comparison of the Merits of Wrought- 
— Plate and Trussed Girders for Single-span Railway 

ridges. 

5. A Miller Prize to Nicholas Watts,+ Stud. Inst. C.E., 
othe paper on ‘‘ Mechanical Puddling in the Manufacture 
of Iron.’’ 

6. A Miller Prize to William James Chalk, Stud. Inst. 
C.E. for his paper **On Waves, and on Structures designed 
to resist their Force.”’ 

7. A Miller Prize to John Charles Mackay, Stud. Inst. 
C.E., for his paper on ‘‘ Engineering Explosives.’’ 


* Has ewiewy | received a Telford Medal. 

+ Mr. Graham Smith and Mr. Watts have been elected 
Associates of the Institution since the date of the presenta- 
tion and reading of their papers. 





Tue Frency Coat Trapz.—A slight improvement has 
been noticed in the coal trade of the Pas-de-Calais and the 
Nord. This improvement is attributed to the change which 
warmer weather has made in the appearance of this year’s 
crop of sugar-beet, a change which has induced beetroot 

manufacturers to give out some orders. The 
troubled state of the labour market in some of the lish 
coal districts has also not passed unnoticed in the north of 


* New ZzaLtanp Rattways.—The Government of New 
Zealand has ordered surveys to be made for a railway be- 
tween the Thames and Waikato. Itis proposed to carry 
the line through a district of which a fying survey was 
made by Mr. D. Simpson in 1873. Mr. Simpson’s flying 
survey commenced at the terminus of the Grahamstown 
and Tararu line going along the beach to Shortland, cross- 
ing the Kauwaeranga river, thence to the crossing of the 
Thames between Te Rae o te Papa and Te Aroba, a dis- 
tance of 294 miles, the whole of the distance being practi- 
cally level. With the exception of about 6000 yards 
cutting near Te Au o Waikato, . Sim 
the whole of the line was level. The 

of the line from the crossing the Thames 

ilton is estimated at 29} miles, so that 
the whole line from Grahamstown would 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 
William Corbitt and Company (Limited), Stove Works, 
Rotherham.—The annual report of this company has been 
published and shows a profit of 2681. only on the year’s 
working, which has caused the vendor to be called upon to 
make up the nteed dividend of 10 per cent. The 
plant and buildings have been kept in thorough repair. 


New Water Works at Curbar.—Some months ago a re- 
quisition signed by the inhabitants of Curbar, was pre- 
sented to the Duke of Rutland (who is the chief local land- 
owner) asking that he would consent to a scheme for pro- 
viding the vi with a good supply of -water, which it 
had hitherto lacked. The duke at once consented, and the 
works have now been completed in a satisfactory manner 
under the superintendence of Mr. David Roberts. 


Experiments with Toniteat Leeds.—Last week a series 
of interesting experiments with the new explosive “ tonite’ 
were made at Farnley Wood, near Leeds, by Mr. J. Dineen. 
There were present, amongst others, Mr. Ezra Woodhead 
(chief manager, Low Moor Iron Works), Mr. H. Tempest 
(manager at Beeston), Mr. S. Robertshaw (chief manager, 
Farnley Iron Works), Mr. to (coalowner), Mr. Wil- 
kinson (coalowner), Mr. D. Nichols (builder), Mr. Bigkley 
(brick manufacturer), and many others. The experiments 
were on a comprehensive scale, and tended to show not 
only the great power but the absolute safety of the explo- 
sive. It was shown that the tonite would not explode 
except when a cap or detonator specially made for it is 
inserted in a cartridge with a lighted fuse attached, and that 
roperly exploded was in excess of any 
other material. special desire of some of those present 
the tonite was tried on a piece of rail made from the best 
Farnley Yorkshire iron, which measured 6 ft. by 4 in. by 
2in., and completely splintered it to pieces. 


The Ilkeston Gas Works.—By an ment just made 
between the Ilkeston Local Board and the Ilkeston Gas 
Works Company, the works of the latter are to be sold to 
the former for the sum of 25,0001. This result has arisen 
out of a parliamentary application by the company for ad- 
ditional powers. 


Proposed Reduction of the Price of Gas at Leeds.— 
At the monthly meeting on Monday of the Leeds Corpora- 
tion Gas Committee, the estimates presented by Mr. 
Woodall, gas engineer, showed that the price of gas might 
be lowered by 6d. per 1000 ft. It was, therefore, resolved 
to reduce the price from 3s. 3d. to 2s. 9d. per 1000 ft., 
and that a uniform discount of 2} per cent. be allowed on 
all accounts paid within one month of delivery. With the 
reduction of last July ithis will constitute a drop of 1s. per 
1000 ft. within the year, or an estimated economy of 50,0001. 
a year to gas consumers. The tenders of Newton Cham- 
bers, and Co., were accepted for the new apparatus at the 
York-street extension. 


its power when 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—The demand has slackened 
considerably this week, and prices have been more in 
buyers’ favour, as weak holders have been obliged to sell, 
and have come down to the prices that consumers were 
prepared to give, indeed in some cases iron could be 
obtuined for 1s. per ton less money than last week. The 
market is indeed quite disorganised, and stocks are increas- 
ing instead of decreasing, as they should do at this period 
of the year. No. 3, though nominally quoted 41s. 6d., has 
been sold at 40s. 6d. net, and grey forge is generally 
disposed of at 39s. 6d., though it might be obtained for 1s. 
less than this. The South Durham Iron Company are 
blowing out their three furnaces at Darlington, but Messrs. 
Bolekow, Vaughan, and Co. have lighted two new furnaces 
at their steel works at Eston, and these will produce about 
400 tons of iron each per week. They are each 75 ft. high 
and 23 ft. diameter at the bosh. At first they will turn 
out ordinary Cleveland iron, but afterwards they will be 
put upon Bessemer pigs for the steel works, which are not 
yet completed. A dhird furnace is nearly ready, and three 
other furnaces will be erected at some future time, also 
spiegeleisen furnaces. 


The New Terms of Payment by Merchants.—The iron- 
masters of this district are fully determined to carry out 
their resolution to shorten the credit given to merchants, 
and some of the latter are opposed to the move, but this 
will not prevent its being adopted. On Tuesday the iron- 
masters held a meeting, at which they withdrew their 
former notice on this matter, and defined the arrangements 
more clearly, They resolved that after the Ist of July the 
term ‘‘ cash’’ in the Middlesbrough iron trade shall signify 
* cash against apoay= A order,”’ and that in those cases in 
which cash terms as above defined are net agreed upon, the 
settling day shall be the Monday following the delivery of 
the iron. 

The Manufactured Tron Trade.—The depression has 
increased, but no change has m made in prices during 
the last fortnight, as they are already said to be low 
enongh. ‘lhe wages question is the chief item of interest 
just now, as the ironworkers do not seem disposed quietly 
to accept the claims of the masters, which would reduce 
some of the men 15 per cent. and others only 5 per cent. 
A meeting of the Board of Arbitration will be held on 
Monday to discuss the matter. The Iron Workers’ Asso- 
ciation will consider the advisability, if the reduction is 
enforced, of applying the funds of the association to as- 
sisting the best men to emigrate. 

Mr. Waterhouse’s Statistics.—These have been issued for 


the quarter ending May 31, and show that during the 
three months 104,883 tons of finished iron were produced, 


the average net price realised being 61. 17s. lid. per ton, 
as compared with 6/. 18s. 3d. in the February . 
The output was 10,000 tons more than during the Feb- 
ruary quarter. Plates formed the balk of the output, being 
52 per cent. of it, while rails only formed 10} per cent. 


Redcar and Coatham Philosophical Society—The first 
session has just been brought to a close. ring the 
winter a course of seven lectures upon ‘‘ Physical Geo- 
graphy’’ has been delivered by the Rev. J. Davey, M.A., of 
Coatham Grammar School, seven upon ‘‘ Geology,” by 
Mr. T. D. Ridley, C.E., and ten upon “Inorganic Che- 
mistry,”” by Mr. Jeremiah Head, F.C.S. The lectures 
were amply illustrated by diagrams, specimens, and ex- 
periments, the expense being borne by the lecturers re- 
spectively. 

The Coal and Coke Trades.—The coal trade has fallen 
off, and prices are lower, especially for household and 
manufacturing qualities. In the Newcastle district most 
of the pits are closed this week owing to the races. 


NOTES FROM THE NORTH. 
GuLasaow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday last the 
warrant market was very strong, and a further advance 
was obtained, and prices closed 14d. higher than on the 
previous day. Business was done in the morning at 
54s. 14d. to 54s. 2d. cash, and at 54s. 3d. one month, closing 
buyers at the higher figures, and sellers 1}d. per ton more. 
Prices advanced in the afternoon to 54s. 3d. and 54s. 4d. 
cash, and 54s. 44d. and 54s. 6d. one month, and the market 
closed—sellers at 54s. 4d. and 54s. 5d. cash and one month 
respectively, buyers offering 1d. less. The market was 
again firm on Friday, and holders secured a further advance 
to the extent of 1}d. per ton. A quiet and steady business 
was done in the morning at 54s. 4d. cash, but in the 
afternoon 54s. 44d. cash and 54s. 6d. one month were paid. 
The market closed—sellers at 54s. 6d. cash and 54s. 7}d. 
one month, buyers 14d. less. Over the week there was an 
improvement to the extent of 7id. per ton, as compare 
with the closing prices of the previous Friday. There was 
a firm market on Monday forenoon, when business was 
done in warrants at 54s. 6d. prompt cash, the market 
closing with buyers still offering that price, and sellers 
asking a shade more. The market continued firm in the 
afternoon, buyers at the close offering 45s. 6d., and sellers 
asking 54s. 7d. Yesterday’s forenoon market was also 
firm, with business done at 54s. 6d. and 54s. 7d. cash, 
closing with sellers at 54s. 7id. prompt, buyers very 
near. The afternoon market was strong, and a gi 
business was done at from 54s. 7}d. to 54s. 8d. one month, 
closing buyers at those figures, sellers 54s. 9d. There was 
a quieter feeling in the market to-day. Business was done 
during the forenoon at 54s. 8d. down to 54s. 6d. cash, 
closing with sellers at the lower quotations, buyers offering 
the same price with fourteen days to pay. The afternoon 
market was flat. A small business was done at 54s. 6d. 
one month, closing sellers at that price and 54s. 4}d. cash, 
buyers 14d. per ton less. A large amount of business has 
been done during the last week or so, and the advance in 
prices has been steady and well maintained. It is antici- 
pated that the generally increased wages now paid or 
promised to the miners, together with a somewhat im- 
proved export demand, will lead to a further advance in 
prices. Shipping iron is in better demand than it was, 
and shipments compare very favourably with those of the 
same period last year, and are likely to do so for a week or 
two toeome. Makers’ prices are firm, though as yet there 
has been no advance, and second-hand parcels are prett 
well cleared out of the market. At the end of last weak 
the number of blast furnaces in operation was reduced to 
106, as against 116 at the same time last year, the other 
three having been blown out in the course of the week. 
The number is again altered, as the three that were 
recently blown out for repairs to the engine at Lugar Iron 
Works are now in operation, and one has been blown ont 
at Carnbroe. Last week’s shipments from all Scotch ports 
amounted to 13,342 tons, as against 8071 tons in the corres- 
ponding week of last year. The imports of Middlesbrough pig 
iron into Grangemouth are still very large, the total increase 
for the present year as compared with last, being 32,898 tons. 


Locomotive Power on Tramways.—A special meeting of 
the Govan Police Commissioners was held in the Burgh 
Chambers this forenoon for the purpose of receiving 
Major-General Hutchison, the inspector appointed by the 
Board of Trade to witness the trial of a steam locomotive 
in connexion with the Govan Tramways. The trial took 
place in presence of the provost, magistrates, and com- 
missioners, anda number of other gentlemen, including 
representatives of the Vale of Clyde Tramways Company. 
The locomotive, which is the patent of Messrs. Hughes 
and Co., Loughborough, was attached to one of the or- 
dinary cars and run from Govan to Paisley-road Toll, and 
afterwards from the Toll to Linthouse. All the journeys 
were performed very satisfactorily, and only one or two 
horses exhibited any marks of fear—a feeling which may be 
expected to die out on the more general adoption of steam 
on the line. The locomotive, it may be stated, has been 
running on the line for about a month, and by the begin- 
ning of August the arrangements for conducting the traffic 
by means of steam will be pretty well advanced. It is the 
intention of the ee ually to dispense with the 

they 








use of their horses unti have their full complement 
of locomotives, the patentees having undertaken to furnish 
the entire haulage power required for the proper carrying 
on of the traffic. 

Proposed Harbour Improvements at Greenock.—On 
Friday last Sir John Hawkshaw, consulting engineer to 
the Greenock Harbour Trustees, held a long conference 
with that body in regard to certain proposed improvements 








on the river line and the contemplated wet dock at Garvel 
Park, The proceedings were private, but it is stated, with 











reference to the question of the river line, that the trust 
and their consulting engineer did not approve of the plan 
of Mr. W.K. Kinipple, the harbour engineer, preferring 
that of Messrs. Stevenson, Edinburgh, the engineers to the 
Clyde Lighthouse Trust, and which closely resembles in its 
general character the plan propounded by Mr. Kinipple in 
1868. Should it be decided to carry out that plan, the fact 
that it is proposed and favoured by the engineers to the 
Clyde Lighthouse Trust will doubtless facilitate the 
negotiations with that body. It is stated this week that 
since the consultation just referred to, the Harbour 
Trustees have decided, on the motion of Provost Lyle, to 
proceed immediately with the preparation of the working 
plans for the new wet dock at Garvel Park. 


Chair of Applied Mechanics: in Anderson’s College.— 
The annual meeting of the trustees of this institution was 
held last Friday—Mr. James Young, F.R.S., president, in 
the chair. It was stated in the annual report submitted to 
the meeting, that the Chair of Applied Mechanics, instituted 
last session, had been most successful, the number of 
students being 97. In connexion with this chair three 
bursaries—two of 501. each, one of them by Mr. James 
Stevenson, of Woodside-crescent, Glasgow, and the other 
by Mr. Matthew Gray, of Cannon-street, London ; and one 
of 201., by Mr. David Wilson, of 19, Woodside-crescent, 
Glasgow—all tenable for three years, had been competed 
for. The 20l., or junior bursary, had been awarded to 
John Campbell, aged 14, a pupil in one of the Glasgow 
School Board schools, who sec 122% marks out of 
a@ maximum number of 150. The result of the competition 
for the 501. senior bursaries will not be ascertained until 
after the science and art examination in October next. It 
may be mentioned that the occupant of this chair is Mr. 
W. T. Rowden, a distinguished associate of the Royal 
School of Mines, and latterly of the Elswick Institute, 
Newcastle-on-Tyne. 


Demolition of Railway Bridges.-On Sunday last two 
railway bridges were blown up with dynamite, one of them 


q| near Glasgow and the other near Edinburgh. They were 


both stone structures. The former spanned the Glasgow 
and Paisley Joint Railway at a point where a bridge is no 
longer of any use. The other one, which was over the 
Caledonian line at Lixmount, near Edinburgh, was de- 
molished in order to be replaced by an iron bridge at a 
point where another double line of rails is to be laid. The 
bridge was a strongly built one, measuring 50 ft. in length, 
by 28 ft. in breadth, and was bared by workmen to the 
springing line. A groove, 3in. in depth, was cut in the 
keystone, and in this cavity were placed the dynamite car- 
tridges intended to destroy the erection. The first charge 
only served to carry away a small portion of the masonry. 
Subsequent charges failed to make much impression ; but 
at one o’clock in the morning the whole structure was 
totally destroyed by an explosion which was heard all over 
the town. No damage was caused by any of the stones, 
which were driven a considerable distance. The new bridge 
will be 60 ft. long and 50 ft. wide, supported on iron girders, 
the level of the roadway preventing an arch being made. 


Granite versus Iron for Bridges.—Aberdeen has been 
much “ exercised’’ during the last few weeks regarding the 
question of preferring iron instead of granite for the new 
bridge which it has m resolved to construct over the 
Dee in connexion with the suburb of Torry. This day 
week a meeting of the joint committee of the Town Council 
and the Land Association was held in reference to the 
proposed bridge, Lord Provost Jamieson presiding. Mr. 
Willet, C.E., submitted a report on the proposed granite 
bridge, in which he recommended alterations, bringing the 
cost of the bridge from 17,0001. up to 21,2001. Mr. Willet 
also submitted an amended design by himself and Mr. 
Clyne of an iron bridge across the river, the construction 
of which could be carried out at 17,5007. The committee, 
after a considerable amount of discussion, resolved to re- 
commend the Town Council to adopt the latter plan. A 
special meeting of that body was held on Monday—the 
Lord Provost again presiding—when the subject was 
brought up for consideration on the report of the joint 
committee, which recommended the rejection of the pro- 
posal to erect a granite bridge, and the erection of an 
arched iron bridge with granite piers. A considerable 
amount of discussion took place, extending over several 
hours, and eventually judgment on the report was reserv 
until the opinion of a competent engineer, with no local 
connexion, shall have been obtained. Granite being the 
most important natural production of the district, one can 
scarcely wonder at a genuine Aberdonian fighting vigorously 
1s Rang use of that material in the construction of the 
bridge. 








Iron Coan Cars.—The Philadelphia and Reading Rail- 
road Company has decided on building 50 iron coal cars. 
The cars are to be made at the company’s own shops. 





Cureap INDIAN Ratitways.—Three exceptional ex- 
amples of cheap railway construction on a 5 ft. 6 in. 
gauge in India may be quoted. The Kattiawar exten- 
sion of the Bombay, Baroda, and Central India Railway, 
76 miles in length, constructed at a cost of 52811. per mile, 
yielded for 1876 a net return at the rate of 5.14 per cent. 

annum upon the capital expended upon it. A branch 
rom Anund to Dakor, 18} miles in length, also constructed 
by the Bombay, Baroda, and Central India Company at a 
cost of 45781. per mile, yielded for 1876 a net return at the 
rate of 6.23 per cent. per annum upon the capital expended 
upon it without taking into consideration the profits de- 
rived by increased traffic over the main line. An exten- 
sion just opened from Dakor to Pali, 14 miles in length 
has been constructed by the Bombay, Baroda, and Cen 
India at a cost of 40761. and mile. e presume that these 
examples will be quoted by the opponents to the introduc- 
tion of the narrow gauge system in India, 
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) BOILER OF THE “RUSH,” AND BOILER OF THE “GALLATIN.” 


SS., FROM THE DESIGNS OF MR. CHARLES EMERY, ENGINEER, NEW YORK. 


Description, see Page 497.) 
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THE “INFLEXIBLE.” 

THE controversy as to the stability of Her 
Majesty’s ship Inflexible still remains in the same 
unsatisfactory state as it was in when we wrote on 
the subject last week. Mr. Barnaby has added 
nothing to his statement that with the unarmoured 
ends entirely removed the vessel would have a 
certain amount of stability. Challenged to be 
ay | explicit about the stability of the vessel 
when the flotative power of the two unarmoured 
ends has been destroyed without entirely carrying 
away the wreck of the iron structure, Mr. Barnaby 
still remains silent, The latter condition is surely 
more likely to arise in action than the former, yet 
Mr. Barnaby freely gives figures for the ship under 
the former condition, and refuses to face the other, 
or to say whether she has stability or not under that 
state of affairs, Mr. Goschen, who ordered the 
vessel, states most distinctly that it was represented 
to him by the Constructors’ Department that the 
armoured citadel would provide sufficient stability 
for the ship whatever might happen to the un- 
armoured ends, and quite independently of any 
cork or any system of subdivision that might be 
adopted. Is it too much to ask Mr. Barnaby 
whether this promise has been fulfilled, or is likely 
to be fulfilled? Mr. Goschen read extracts from 
reports made to him on the subject by the con- 
structors before the vessel was commenced. The 
constructors then said: ‘* We hope by subdivision 
and cellular sides to prevent any appreciable in- 
crease of immersion or decrease of stability, but we 
should’ not be satisfied with the ship if we could 
not say, as we now can, that with any possible amount 
of damage to the unarmoured ends by shot or shell, 
the ship will continue to float in perfect safety 
before any damages are made good.” And they 
again say: ‘On this last point it is to be observed 
that to make the ship capable of entering the 
Devonport and Bermuda Docks it would be neces- 
sary to reduce the breadth so much as to deprive 
her of stability when the ends are so perforated and 





injured as to add nothing to it, and we do not think 
this sacrifice should be made.” 

And further they say: “It is possible that both 
cork and canvas will be used to some extent outside 
the battery or citadel, but the security of the ship will 
not be dependent upon them.” ‘The italics in the above 
quotations are our own. 

We have here the most distinct assurances that 

the safety of the ship wasin no way to be dependent 
upon the cork or canvas placed in the unarmoured 
ends. It seems a simple enough issue to decide 
whether this is really the case in the ship as designed. 
Even that wonderful refuge, the model, which their 
lordships have a fondness for, and from which they 
have probably received their first lessons on stability, 
could be made to decide the matterin a few minutes, 
supposing of course itis accurately weighted in ac- 
cordance with the ship. 
Mr. Reed has seen the model perform, but he says 
it does not represent the conditions under which the 
vessel would become dangerous. The ends are per- 
forated and water is admitted, but the cork is sup- 
posed to be intact, and lends stability and buoyancy 
to the ship. But, say the constructors, or rather 
said the constructors three years ago, for they care. 
fully avoid saying so now, ‘‘ the security of the ship 
will not be dependent upon” the cork. If there 
happens to be an inquisitive member at present on 
the Board of Admiralty, he may be expected one of 
these days, when their lordships are musing around 
the water-tank upon the performances of their minia- 
ture ironclad, to suggest testing the said model with- 
out the cork ends, just to gratify his own curiosity. If 
such an incident were to occur the mystery would at 
once be solved. Perhaps some of the members of 
Parliament invited to Whitehall to inspect the model, 
and satisfy themselves thereby of the safety of the 
ship, will make the suggestion. The Admiralty could 
scarcely refuse to comply with such a request after 
inviting them to investigate the matter for them- 
selves. It seems a ridiculous way of settling a great 
public question, but what else is to be done? The 
Admiralty refuse to let the matter be investigated 
by a Select Committee ; Mr. Barnaby, after saying 
enough to excite the gravest apprehensions, has 
become as silent and mysterious as the Sphinx; and 
Mr. Ward Hunt continues to look on the bright side ! 
The model is therefore the only available resource. 
Never before did so much depend upon a model, 
Model experiments are usually derided, and are sup- 
posed, even more than figures, to be capable of 
proving anything. Matters seem to have changed 
considerably however in this respect at the Admiralty 
recently, andthe model era in naval architecture 
has apparently set in. If we remember rightly it 
was the present Chief Constructor of Portsmouth 
Yard, the builder of the Inflexible, who distinguished 
himself somewhat by the exhibition of models show- 
ing how the Captain did capsize. It would be 
interesting to inquire whether the present model 
showing that the Inflexible will not capsize, even if 
she ought to do so, emanates from the same source, 
Mr. Ward Hunt stated in the House of Commons 
that the Inflexible is capable of withstanding success- 
fully three blows from Whitehead torpedoes. Is 
this astonishing piece of information also obtained 
from the model? 

In all seriousness the mystery which at present 
surrounds the Inflexible is one of the most remark- 
able episodes ever witnessed, even in connexion 
with the administration of the Admiralty. If we 
had not the most entire confidence in the integrity 
of the Constructors of the Navy we should say at 
once that the whole of this model business was 
entirely worthless and unworthy a moment’s serious 
consideration. To distribute the weights in a small 
model. exactly like those in a large ship, so as to 
insure proportionate stability, requires great nicety 
of manipulation, and as, in the Prey case, the 
position of the centre of gravity of the ship herself 
will not be known with precision until the vessel is 
heeled over in still water some time hence for the 
purpose of ascertaining it with certainty, there is 
an obvious possibility for the model to raise, to say 
the least, a very sanguine prophecy about the ship. 
It should be mentioned, however, that the position 
of the centre of gravity has been carefully estimated 
in the Constructors’ Department, and that it has also 
been estimated independently by Mr. Reed’s staff, 
and as the results agree Mo | closely we may con- 
clude that they afford a g approximation to the 
actual position of the centre of gravity of the com- 
— ship. The model, therefore, in all proba- 

ility, represents the ship fairly enough, and this in- 
duces us to believe that the mere removal of the 





cork in the perforated ends would throw light upon 
the important question whether the v in that 
state would capsize with her armour untouched, or 
whether as the constructors stated, ‘‘ the stability of 
the ship will not be dependent upon the cork,” e 
possibility must not be lost sight of, however, that 
the centre of gravity may prove to be higher than 
it is estimated to be, and in this case the mg: | 
would presumably be even worse than Mr. Ree 
anticipates, 

So i the reticence of Mr. Barnaby, as well as 
the admissions of his supporters in the press who 
appear to be acquainted with the Admiralty figures, 
go to support Mr. Reed’s belief that without the 
cork, and with the ends perforated, the vessel would 
have little or no stability. If such is the case, it 
should be admitted frankly, and then the question 
whether the cork can be trusted to provide safet 
in action against modern shells would receive f 
discussion, At any rate, the urgent necessity for 
extensive oe on the subject would become 
apparent, the cork is put into the unar- 
moured ends, as the constructors at first reported, 
merely as an auxiliary to the stability in action, well 
and good; it will probably be found useful as such, 
and expensive experiments to prove its utility may 
be unnecessary. But if, as appears not improbable, 
the integrity of the cork is a vital element in the 
safety of the ship, an enormous change has been in- 
troduced into our unarmoured fleet, and one 
which even an irresponsible body like the Committee 
on Naval Designs shrunk from recommending with- 
out experiments being made, and of which they said, 
‘¢in the absence of any practical experience of the 
effect of large shells or torpedoes upon such a 
structure as that we have in view, it is impossible to 
say with confidence that the object aimed at would 
be thus attained,” 

If the Inflexible without the aid of the cork is 
in the state depicted by Mr. Reed, clearly the experi- 
ments, foreshadowed by the Committee on Designs 
should be undertaken at once. But if she is in that 
state, what confidence can be placed in Mr. Ward 
Hunt’s statement that she is able to withstand the 
blows of three Whitehead torpedoes? If the torpe- 
does could be assumed to strike one after the other 
in the same drag andina of the ship where the 
injury could be localised, it probably would be the 
case; but if the vessel can be reduced to a state of 
doubtful stability by means of shot and shell, so that 
‘her commander would have enough to do to keep 
his vessel safely afloat,” what chance would she have 

ainst guns and torpedoes combined, to say nothing 
of the ram? If ever there was atime when there 
should be no doubt about war vessels having plenty 
of stability and to spare, it is the present, when the 
torpedo has assumed a prominent place in naval 
warfare. 

The latest theory advanced in defence of the 
constructors is that if by-and-bye the ship is found 
not to have sufficient stability, some hundreds of 
tons of ballast can be put into her hold to cure her, 
Her case, however, is unfortunately one that 
scarcely admits of such acure. Ballast that would 
under ordinary circumstances put the vessel down 
12 in. would put her about 3 ft. deeper in the water 
in action when the ends are perforated, and this 
would have so serious an effect in reducing the 
armoured freeboard as to make it doubtful whether 
much advantage could be gained in that way. 

We are glad to find that in reply to Mr. Reed’s 
motion for papers on the subject the Admiralty 
have promised to lay before Parliament certain 
documents. We notice, however, that all the 
reports made on the ship by the constructors have 
not been promised, However, we must be thankful 
for small mercies. It is apparently going to be a 
work of time to get the state of affairs entirely 
cleared up, but no one can doubt that it must be 
cleared up sooner or later. ‘If the ship were ready for 
sea, and war imminent, not a day would be allowed 
to pass without steps being taken to have the 
questions at issue immediately decided, Fortu- 
nately things have not come to this yet, but 
still the matter is sufficiently serious if we regard 
simply the loss of time and the expense that may 
have to be incurred in — or four of our 
most powerful ironclads, perhaps when they are 
most needed for service abroad, 


THE NEW HEALTH BILL. 

Tue Government has recently introduced into 
Parliament a Bill, whose object is chiefly to repeal, 
amend, or consolidate such portions of the Public 
Health Act of 1875, so far as the metropolis is alone 
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concerned. In other words, it is proposed that 
London should have for its own an Act similar to 
that of 1875, which extended to all England. About 
eleven Acts affecting the metropolis will be repealed, 
the most valuable portion, however, being retained 
in the new Bill, which consists of over one hundred 
clauses. Local authorities under it will be the 
Commissioners of Sewers for the City of London, 
certain inns of court, together with the vestries 
and district boards of all the metropolis exterior to 
the City. 

It would appear under the new Bill that in cases 
where any of these authorities are remiss in their 
action, the Local Government Board may authorise 
any officer of police, acting within the district in 
question, to take any proceedings that the default- 
ing authority has neglected to institute, to abate 
nuisance, the authority to be liable for all expenses, 
the Metropolitan Board of Works being excepted, 
that body not being defined as a “‘ local authority.” 
The Local Government Board will, therefore, have 
the power to enforce the provisions of the new Bill, 
with or without the consent of any interested party. 
Hence we may at last have some chance of remedy 
for a number of sanitary evils that have been left 
untouched either by previous Acts, or through the 
neglect or obstructiveness of the authorities who 
have been entrusted to carry them out. 

Looking over the list of nuisances specified in 
the new Bill, it would seem that most will be touched, 
including the over-crowded or badly drained house, 
nuisances of all kinds caused by factories, badly 
kept stables, cow-houses, &c., and, in fact, almost 
any form of evil injurious to health, dairies and cow- 
houses being especially provided for, so as to protect 
from the great danger that has hitherto existed in 
their sending out impure milk. The Local Govern. 
ment Board will be able to authorise certain bye- 
laws for the regulation of houses, not called lodging- 
houses under the official sense, and governed by 
existing Acts, but also such houses and parts of 
houses let in lodgings, or occupied by members of 
more than one family. Numerous other|matters of 
detail are provided for, which, if properly carried 
out, will be of the highest service in a sanitary point 
of view. 

Last week the Earl of Beaconsfield, at the open- 
ing of some new buildings erected at Battersea by an 
association to be called in future the Victoria Dwell- 
ing Association by special request of the Queen, 
drew attention to the state of health in the me- 
tropolis, and strongly urged that the first duty of 
every Government was to look after the health of 
the people, for no matter what material prosperity 
may be enjoyed, if the general sanitary condition of 
a nation be lowered, its doom was already fixed. 
He also urged that while the present London death 
rate for the whole metropolis did not exceed 23 to 
24 per 1000, there are localities where the rate rose 
to from 40 to 60 per 1000; while, on the other hand, 
some of the best conducted model lodging houses 
gave arate of but 14 per 1000. He very justly 

raised Mr. Cross’s Artisans’ Dwellings Act, whic 

as admirably succeeded, since it came into opera- 
tion, in clearing out rookeries and fever dens, and 
eee them with healthy dwellings. 

t must be admitted that the present Administra- 
tion has done much by way of sanitary improvement, 
but our daily increase of knowledge of the actual 
state of large towns leads to the conclusion that all 
that has been done and is doing is little better than 
the palliation of a gigantic difficulty, which it will 
take years to reduce to within comparatively safe 
limits. It is, in fact, admitted that the Public 
Health Act of 1875 and the measure now before 
Parliament, of which we have given a brief analysis, 
are mere temporary expedients to prevent the 
growth rather than to cure the evils now incident 
to health in London. 

It does not require much penetrat’on to perceive 
that vestries and local boards have, to a large 
extent, neutralised both the text and the spirit of 
most of the sanitary Acts that have been passed dur- 
ing the last ten years. Although, as we have re- 

eatedly pointed out, the ratepayers have the power 
in their own hands to compel action on the part of 
the authorities, this plan has rarely, if ever, been 
had recourse to. Hence the Acts themselves have 
been practically dead letters. There seems to be 
but one remedy for this, and that is to largely re- 
inforce the powers of the Local Government Board, 
This Board has already done great service to the 
ublic health, both under the presidency of Mr. 
tansfeld and the present President. It has each 
year enlarged its appointments both in regard to 





medical officers and inspectors; it has liberally 
authorised loans for sanitary improvements, with, 
however, such precautions as will insure a proper 
use of the money; and in certain cases it has en- 
forced its —— in such a manner as to give fair 
warning of its future intentions in reference to neg- 
lectful or obstructive authorities. 

The new Bill to be really effective should enforce 
a sanitary inspection of every house, from the mansion 
to the cottage. It is notorious that some of the 
largest and most recently erected buildings in the 
metropolis, including Government offices, are entirely 
deficient in their sanitary arrangements. How much 
more so must premises be that are erected either at 
the fancy of the proprietor or the builder for the 
purposes of general occupation. It is needless to go 
over ground which has already afforded frequent 
subjects of discussion in our columns. Taking 
London exterior to the City, we may briefly point 
out foundations of houses erected on house-refuse, 
drains badly or not at all connected with the main- 
drainage system ; houses without traps to the drains, 
dust-bins at the back doors ; overcrowded dwellings, 
ill-ventilated buildings and rooms—all matters that 
have hitherto been scarcely touched by the vestries 
and district authorities. 

There is little doubt but that the Bill will meet 
with vigorous opposition on the part of some of the 
authorities whose interests, feelings, or obstinacy 
may betouched. But this will be a matter of little 
importance if the Government show vigorous action. 
They must not follow the example they set them- 
selves in regard to the pollution of rivers, but rather 
take example from Mr. Cross, one of their most 
business and intelligent members, and thus force the 
passage of the Bill through Parliament during the 
present session, so that no time be lost. The Bill 
gives little, but what it gives is wholesome and pro- 
gressive in its character. 


THE WOKING RAILWAY ACCIDENT. 

THe Woking railway accident affords an apt 
illustration of bow far a railway company may pro- 
ceed in the application of modern appliances for the 
protection of its traffic, and yet, for the want of one 
very necessary qualification—brake power—fail to 
reap the benefit of the large outlay incurred to 
secure that object, Dating from the Ascot races 
accident, now some years since, perhaps no railway 
company has displayed a more active and well 
directed energy than has the London and South- 
Western in the application and extension of the 
block system, and of late in the introduction 
of locking frames and the more modern appliances 
of signal fittings and signal arrangements, With 
the exception of a very few miles of single-line 
branches, worked by single engines, the whole of 
that company’s system is now, and has been for 
some time, fitted with and worked under the most 
approved form of block-signalling, and this is parti- 
cularly so with regard to its system of junction 
working. It wiil be gathered from this that the 
accident in question is in no way the result of in- 
adequate signalling arrangements at Woking, which 
is the junction for the Portsmouth direct and main 
Southampton lines. But a short time since, 
apparently recognising the possibility of such an 
accident as that which absolutely did occur on the 
11th inst., a new signal-box for the more complete 
protection of the junction points was erected. But 
perhaps, in order to make the facts more clear, it 
may be as well to explain what are the steps taken 
for the protection of the traffic at this point. 

First, then, on entering the station, or rather on 
approaching it, from the London side, we find a 
signal-box some 300 yards to the west of the station 
which commands that end of the station, and which 
also, by block signals, governs the admission. of all 
up trains to the station a Some 600 yards 
below this box is another, called the middle yard- 
box, but which is actually the junction-box, as from 
it are worked the points of the junction for the 
Guildford and Portsmouth direct line. Formerly 
these two boxes controlled the whole work of the 
station and junction; both were provided with 
interlocking frames, block signals, and all improved 
appliances, the distant signals in each direction 
being repeated electrically to the box from which 
they are worked. At this time the latter box com- 
municated with a signal-box at Worpleston, inter- 
mediate between Woking and Guildford, on the 
Portsmouth direct line; and with Brookwood, a 
station on the Southampton main line. Recently, 
however, a third box has been erected some three- 
quarters of a mile below the second-named box. 











This box is called the junction-box, and it stands 
opposite the point at which the Portsmouth direct 
and main lines, after running parallel for the dis- 
tance named, diverge in their respective directions. 
This box, as regards block signalling, occupies the 
ne in connexion with the middle yard-box that 

rookwood and Worpleston did previously, and, as 
will readily be seen by our railway readers, its 
object is to hold at that point instead of at Brook- 
wood or Worpleston, a distance of two to three miles, 
all up trains during such time as the up line metals for 
the section between the middle yard-box and the 
west-box (that at the London end of the station) 
are occupied. Thus prior to crossing a train from 
Worpleston to the main line metals it was the duty 
of the signalman in the middle yard-box to block 
the junction-box, and so hold all up main line trains 
at that point. Similarly the same course would be 
pursued with regard to the west box as regards 
down trains ; nothing down would be allowed to pass 
the west signal-box, and nothing up the junction 
signal-box, during such time as an up-branch train, 
which would foul both lines, was being crossed 
over, that is, so far as block signals, electric re- 
peaters, locking frames, and signals could intervene 
to preventit; but we see that all these acquisitions, 
good as they are, and doubtless useful as they have 
over and over again proved, are not in all cases 
sufficient to prevent disaster. 

The evidence of the signalman on duty at the 
middle box, as given before the coroner, places us 
very clearly in possession of the facts which accom- 
panied the accident. At 10 0’clock the man went 
on duty, when the first signal he received was from 
the junction-box at 10.13, informing him that the 
4.27 Exeter train had left Brookwood. The signals 
were on against this train, and he cleared them to 
admit it. The train arrived at 10.17. At 10.22 
came the signal for the 4.55 up Portsmouth goods. 
The signals were also on against this, and they were 
cleared in due course. At 10.26 the train came in. 
The signals put on behind it were retained on as 
were these for the up Exeter train, Thus the up 
signals for trains from the branch and main lines 
were on at ‘“‘ danger.” No further signals were re- 
ceived until the collision, about which time—10.35— 
or an instant before, the junction-box sent him the 
‘“‘ attention” signal. 

We must now refer to the evidence of the head 
guard of the 5.20 Southampton goods. The train 
consisted at starting of forty-two trucks and two 
brake vans, one of which was next the engine 
and the other in the rear. The head guard—Daniel 
Flint—occupied the former. Having stopped at all 
stations on its way, their train left Winchfield at 
9.58. It passed Farnborough and Brookwood with- 
out stopping, but the guard did not record the time. 
About a mile off, the distant signal worked from the 
Woking junction-box was seen standing at danger, 
and the guard applied his brakes without, however, 
for a considerable distance, producing any percep- 
tible effect on the speed of the train. Having no 
means of communication, he was unable to call the 
attention of the driver. Next the junction signals 
came in view, and these were at danger. The speed 
was then 10 or 12 miles an hour. The junction was 
passed, and between the junction-box and the middle 
yard-box the brake whistle was applied. At 10.35 
the middle yard-box was passed, and immediately 
the up Southampton goods was in collision with 
the up Portsmouth, which had been standing be- 
tween the latter box and the west box under the 
protection of the signals of all three boxes. Thirty- 
one trucks were smashed more or less, some being 
broken to pieces. The consequences, such as they 
were, were bad enough, but had the collision been 
between the heavy goods and a passenger train the 
result would probably have been one of the most 
serious on record. The evidence of the driver is that 
he saw the signals and applied his brakes, but had no 
control over his train ; that on passing the Brook- 
wood station his speed was from 20 to 25 miles an 
hour; that the signals were partly on and partly 
off ; the tender was light and there was a falling 
gradient; rain had fallen and the rails were 
slippery. Close to the stop signal he reversed his 
engine. At the moment of the collision, he consi- 
dered the speed to be about six milesan hour. The 
train was the heaviest he hadeverhad. (At the time 
of the accident the train consisted of fifty trucks, 
three of which were empty.) 

The guard in the rear van also saw the signals on 
against him, and applied his brakes without apparent 
effect. He, the si , and the wheel-tapper, all 
confirm the evidence as to the whistle being sounded 
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only momentary to the accident, Mr. Hilditch, the 
station superintendent, spoke as to the sobriety of 
the driver at the moment, and also to having 
known him asa steady man for some time. The 
two trains were required by the time tables to 
stop at the Woking station, and on no previous 
occasion had they run through the signals. ‘The jury 
were unable to arrive at a verdict, and were ulti- 
mately discharged. 

Whatever may be the view taken of the case by 
the jury, there can be no doubt from the evidence 
produced that the signals were on against the 
train from Southampton; that it came into col- 
ligion with that from Portsmouth, and that at a 
speed which would have debarred it from stopping 
as set down in the service time tables at the 
Woking station; that it held this speed with the 
brakes of the only two vans with which it was 
provided, on. Considering that the distant signal 
was observed by the two guards fully a mile be- 
yond it, it may, perhaps, be as well to leave to 
those who composed the jury, or rather to the 
two who could not agree, still to consider whether 
such facts are at all compatible with a free and 
proper use of the engine brakes. To us it remains 
to point out that had the train been fitted with 
efficient brake power, or with such a brake system 
as would have given either of the guards a means of 
applying it throughout the train, it must have been 
brought to a stand long ere it was, and the col- 
lision avoided. Its use in this case would probably 
have rested with the guards, one or the other of 
them, but in either case there is evidence it would 
have had timely use, and thus its efficiency can only 
be a question of its power, and of this recent as well 
as previous trials have given us sufficient proof. In 
that the collision was not with a passenger train 
the company has much room for self-congratula- 
tion. Let us hope it will serve as another induce- 
ment to hasten forward the adoption of what must 
eventually be conceded—a thorough and efficient 
brake power available to the hand of every official 
in charge ofa train. I[t can hardly be doubted that 
a railway company which has shown itself so ready 
to adopt other recognised precautions should ignore 
that which would strengthen and complete the pre- 
cautions with which it has already so wisely provided 
itself. 








EXPLOSION ON BOARD THE §&.S. 
“ PALESTINE.” 

A FATAL explosion of a very singular kind occurred 
on board the s.s. Palestine during her last voyage 
from America to Liverpool, this explosion resulting 
in the death of one man and the serious injury of 
two others. The Palestine arrived in Liverpool last 
Friday, the 22nd inst., and the explosion having oc- 
curred when the vessel was about two and a half 
days from Queenstown, the man who was killed was 
buried at sea, and there will thus be no inquest 
held and probably no public inquiry. Under these 
circumstances the following particulars of the ex- 
plosion will be of interest. 

The Palestine is fitted with two cylindrical boilers, 
each about 15 ft. long and 11 ft. in diameter, these 
boilers being of the double-ended type, and each 
containing four furnaces about 3 ft. 3 in, in diameter. 
The boilers were made by Messrs. J. and J. Thomson, 
of Glasgow, in 1872, and were constructed to work 
at a pressure of 60 1b. In each furnace the inner 
ends of the firebars are supported by a cast-iron 
bearer or partition, which extends across the furnace, 
and which is not, as is usually the case, pierced by 
any opening. ‘The combustion chamber in the 
centre of each boiler is about 3 ft. 6 in. long, and 
the cast-iron bearers just mentioned about range 
with the tube-plates, so that the bearers for each 
pair of furnaces which are in line with each other, 
are about 3 ft. 6 in. apart. ‘The space between the 
bearers is bridged over by a cast-iron bridge plate, 
and on this are firebricks, there being at the middle 
of the length of the combustion chamber a dwarf 
wall of firebricks, of which the top is level with the 
first row of tubes. 

It will be seen from the particulars we have given 
that the cast-iron bearers and the bridge plates to. 
gether form a kind of closed box, the top of which 
was rendered tight by the brick bridge built on it, 
while the joints between the bearers and furnaces 
had, in the case of one boiler, been perfectly 
closed by an accumulation of salt resulting from a 
leakage at the joint of one of the bottom furnace 
= Under these conditions and owing to the 

eakage, steam seems to have been generated in the 





closed box, and eventually the steam thus formed 
blew the firebrick bridge up into the combustion 
chamber, at the same time driving the cast-iron 
bearer plates out towards the furnace fronts and 
blowing the fire over the men. The immediate 
cause assigned for the explosion is the slicing off of 
the clinker at the back, this clinker taking a fast 
hold of the bricks and requiring heavy thumping to 
clear it away. This thumping is supposed to have 
shaken the bridge plate, when the accumulated steam 
did the rest. It appears to us, however, by no 
means certain that the slicing off of the clinkers had 
much to do with the matter; under the circum- 
stances the explosion is quite explainable on the 
supposition that the generation of steam went on in 
the closed box until a sufficient pressure had accu- 
mulated to accomplish the work of destruction. 

It will be seen from what we have stated that 
this was not a boiler explosion in the ordinary sense 
of the term, as there was nothing* wrong with the 
boilers beyond the slight leakage mentioned. They 
were being worked, we may add, at 47 lb. per square 
inch at the time of the accident. The disaster, 
however, points out the necessity of guarding 
against the construction in a furnace or combustion 
chamber of any closed chamber into which leakage 
can take place. Had the bearer plates in this case 
been provided with the usual pigeon holes the ex- 
plosion would not have occurred, 








A NEW CANAL FROM THE RHONE. 

Tue design of Monsieur Dumont for constructing 
an irrigation canal about 300 milegin length, and at 
a cost of about three and a half millions sterling, is 
one of no small importance, when we learn that the 
State will give aid to the extent of one-third of the 
capital, and that some portion of the rest has been 
already subscribed, under arrangements that the 
whole capital will be redeemed in ninety years at 
4} percent. This, in conjunction with the fact that 
portions of this canal may be rendered remunerative 
long before the whole is completed, removes this 
important work from the class of paper projects 
with ill-defined futures, and renders it practically 
as well as scientifically interesting. 

The Rhone valley is, it may be noted, cne of the 
most unfortunate regions in French territory ; three 
important branches of industry have successively 
been almost entirely ruined : the production of silk 
by epidemic among the worms, the gattine; the 
vintages by the phylloxera; and the madder culti- 
vation by the substitution of aniline, or alizarine, 
dyes for their more expensive predecessors ; the re- 
sult is estimated to be a loss of a quarter of the 
population by emigration, and of material property 
to the extent of three million pounds sterling per 
annum. 

There is one well-known and sure remedy for 
the phylloxera, while there are several very doubtful 
and more expensive chemical methods of applying 
powder, gases, &c., which are all very inferior—it is 
flooding the vines for a few weeks in winter. This 
winter irrigation also largely increases the yield of 
the vines, and thus insures enormous profits, Under 
these circumstances it seems surprising that the 
French have delayed commencing a Rhone canal 
till now, and that the approval of the Conseil- 
Général of the Ponts et Chaussées, and the public 
enthusiasm in the neighbouring population, should 
have been so long forthcoming. Recently, that is, 
in the spring of this year, subecriptions have been 
raised to defray the expense of watering 13,000 
hectares, about 32,140 acres, the project is approved 
by the Council of State, and 24 local syndicates have 
been formed to regulate the division and control of 
the water. The prospect of turning the dry and 
rather melancholy lower Rhone valley and littoral 
into verdant grass meadows, occupied by plenteous 
herds of cattle, and of almost doubling the yield of 
the vine-growing districts of the coast departments, 
has raised at last an enthusiasm, which is of a 
practical nature, in the breasts of the landholders 
and cultivators, 

This is the more remarkable as so many canal 
projects in France have met with cold indifference, 
or sulky discord over prospective profits, which put 
a stop to all harmonious working; on the Garonne 
especially this has been frequently noticed. The 
class feeling of ignorant obstructiveness, sometimes 
called or rather misnamed republicanism, which is 
so often illustrated near Bordeaux, is also a serious 
drawback ; the man who designedly blocks up a 
public road with his cart, and refuses to move it to 
let a carriage pass, on the ground that the road 





pe ny pe to him as to es person in the 
carriage, is of course a creature with whom 
thetic interchange of ideas and comida. “totien 


action 
is nearly impossible. The peso, bere. there- 
fore, is with the dwellers on the Rhone, or rather 


the Mediterranean littoral, and it will this time, it 
is hoped, remain with them. 

The canal, from which so many benefits and 
such large profits are expected, though long, is not 
by any means a large one; it is about the size 
of the Cavour Canal, or a quarter of that of the 
Ganges Canal, but from its position and circumstances 
it is likely, under good engineers and management, 
to be more important than either of the former. 

The canal will have its offtake at the Roches de 
Condrieu, near Vienne, and passing Valence and 
Montélimart on the left bank of the Rhone, with 
a fall of 24 centimetres oe kilometre, or 1 in 
4000, will after a distance of about 100 miles cross 
from the left to the right bank of the Rhone, near 
Pont-Saint-Esprit in the Department du Gard, On 
both banks large reservoirs will be made, and the 
sheet-iron syphon carrying the water will be nearly 
two miles long ; the cost of this crossing will be about 
300,000/. his amount might perhaps be saved 
entirely by taking the canal along the right bank, but 
for reasons in connexion with an intended navigable 
communication with Marseilles, as well probably 
as for others not mentioned, the intended course is 
universally agreed to as the best, 

On entering the Department du Gard, the canal 
will commence its important function of watering 
the vineyards ; the remainder of its course of 200 
miles from the crossing of the Rhone to its extremity 
beyond Narbonne, is through the littoral depart- 
ments of Gard, Herault, and Aube, where it passes 
by the important towns of Nimes, Lunel, Mont- 
pellier, and Beziers, and will command an irrigable 
area of 220,000 hectares (543,961 acres). Its supply 
at the offtake will be 30 cubic metres (or 1064 aade 
feet) per second, and this will be doubled by sub- 
sequent supply from other sources; its dischar 
during the summer season, from the 15th of April to 
the 15th of September, will be 930 millions of cubic 
metres (or 1216 million cubic yards), and during the 
winter period 700 millions of cubic metres (or 915 
million cubic yards; the Rhone and its eastern 
affluents being snow-fed rivers. Of this it is calcu- 
lated that one-sixth will be lost by evaporation and 
other causes, one-sixth will be used for town supply, 
and the remaining two-thirds utilised in watering 
meadows or flooding them as may be required, 

The summer waterings will generally be twenty 
in number, given once a week, and representing a 
total depth of 1 metre; they thus correspond to a 
supply of 10,000 cubic metres per hectare (or 
873,950 cubic feet per acre) ; a proposed modifica- 
tion of this amount by the Conseil-Général fixes the 
larger supply at 1 litre per second per hectare (or 
0.0874 cubic feet per acre), which throughout the 
summer season of 180 days amounts to 15,500 cubic 
metres per hectare (or 1,356,617 cubic feetper acre), 
in fact about half as much again, Hence as the 
total irrigation water of the summer season only 
amounts to 622 million cubic metres (811 million 
cubic yards), the total area that can be irrigated 
with this amount will be only 40,000 hectares 
(98,902 acres) or one-fifth of the irrigable area under 
command. 

This seems certainly to be a very small useful 
effect for so extended a canal; if four times the 
amount of supply intended, that is 120 cubic metres, 
instead of 30 cubic metres, were drawn from the 
Rhone in its high flood periods of summer season, 
the results would bear far better comparison with 
the total costs of construction, 

During the winter season the canal will only carry 
a volume of 6 million cubic metres for flooding vines. 
A depth of 60 centimetres of water, or 6000 cubic 
metres per hectare (524,370 cubic feet per acre) is 
according to M. Faucon, sufficient for the purpose 
of keeping a hectare submerged, and asphyxiating 
the phylloxera. But this is probably a minimum 
amount, and some reserve will perhaps be kept for 
special cases. 

The price of asummer’s irrigation will be identical 
with that of a winter's irrigation, that is 63 francs 
per hectare (nearly 1/. per acre) per season, This 
appears a rather low rate, as generally in the South 
otf seve dry lands are farmed at 50 francs, and 
irrigated lands at from 150 to 200 francs per 
hectare, and again in Italy, 75 francs per hectare 
is paid under very similar conditions as water-rate 
per season. 

The sale of water for motive power will be 
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effected at a rate of 8/. yearly per horse power; 
the horse power being considered as the effect of 
100 litres per second with a fall of 1 metre, and its 
cost when obtained by steam power being estimated 
at 20/. 

While entering into the subject of irrigation from 
the Rhone, a river whose navigation from Lyons to 
Marseilles is at all times rather difficult, more 
especially in the low-water winter season, the sub- 
ject of the improvement of the Rhone itself becomes 
naturally involved with it. The embankment of 
the river through its deltaic, and its improvement in 
its upper courses, are believed by the warmest 
partisans to render navigation possible for vessels 
of a draught of only 5ft. 3 in. as a maximum; 
and while they at the same time admit that a draught 
of 9ft. 10in., or at least 8 ft. 3in., is necessary 
for economic through transport on a large scale, 
without breaking bulk, it seems that the expense 
of improving the navigation of the Rhone would 
not repay itself. 

The Rhone has not any of the advantages of the 
Seine—a steady regime, a small inclination, and a 
firm bed—and the passage from its mouth to Mar- 
seilles is dangerous and troublesome ; any attempt to 
make use of movable barrages therefore seems quite 
inapplicable, and the navigation of the river may as 
well be considered as a thing of the past, that should 
not be allowed to stand in the way of the extension 
of irrigation. The proposed canal of M. Dumont 
may with some enlargement be made very well to 
serve as a navigable canal from Vienneto Pont-Saint- 
Esprit, or for about half the distance between Lyons 
Pa Marseilles, and thus may answer an important 
additional object. Since then the only objection 
to drawing a sufficiently large supply fromthe Rhone, 
of about 4260 cubic feet instead of 1060, is entirely 
met by the fact that the Rhone has a mean discharge 
of 14,200, and that the navigation of the river may be 
almost neglected, we cannot but hope that no chimera 
will be allowed to bar the enlargement and im- 
| etme of this canal of M, Dumont, which seems 

estined to bring permanent prosperity to an un- 
fortunate region. 








THE WEST KENT MAIN DRAINAGE 
WORKS. 

For many years past, the want of a thorough 
system of sewerage has been keenly felt in most 
towns in the West Kent district, and no less in 
others situated in the valley of the Thames. ‘The 
towns and villages situated in the valley of the Cray 
have also suffered from the want of effective drain- 
age, and the means of disposing of their sewage. 
Rivers here are unavailable, being protected by the 
Thames Conservancy Acts, under which heavy fines 
can be imposed in cases of pollution. Recourse 
has therefore been had to the purification of sewage 
by deposition, and to its disposal byirrigation. But 
the efforts of the authorities of Beckenham, Bromley, 
Chislehurst, and other towns in the district to carry 
into effect one or other of these plans have been 
unavailing, having been thwarted by local posi- 
tion. Of course the {metropolitan main drainage 
system has as much as it can do in dealing with the 
sewage of the 117 squares miles of area it serves, 
so that no relief can be obtained from that source, 
At length after years of struggling, and the ex- 
penditure of large sums of money in litigation 
and inquiries, it was resolved to effect a com- 
bination of the various towns in the West Kent 
district with the view of ing out a comprehensive 
scheme of sewerage which should enable the sewage 
of the whole district to be carried away to some 
distant point where it should cease to be a nuisance. 
As bearing on this question we may mention that 
in 1868 Sir Joseph Bazalgette prepared a scheme for 
the combined drainage of all the towns in the valley 
of the Cray, and the plans were deposited, but the 
Bill was opposed and defeated. In 1871 Sir Joseph 
prepared and deposited plans for a combined system 
of sewerage, and the disposal of the sewage of all 
the towns in the Thames Valley from Windsor to 
London on Bagshot Heath. The scheme, however, 
was not proceeded with, owing to the want of 
unanimity amongst the town authorities interested 
in the matter. 

In 1874, however, the Bromley Rural Sanitary 
Authority instructed Sir J. gette to prepare 
plans for the drainage of their district, which re- 
sulted in the oy of parliamentary plans for the 
construction of a main intercepting sewer from 
Beckenham, forming an outfall for the sewage of 


Joseph's Cray Valley scheme of 1868 comes in as a 
branch to this main line ‘of sewer, which it joins at 
Bourne Bridge, Bexley, whence the main sewer is 
continued on to a reservoir situated on Dartford 
Marshes on the banks of the Thames at Long Reach. 
Here the sewage is discharged into the river upon 
the ebb-tide, at a point some seven miles below the 
outfalls of the metropolitan main sewers. In de- 
vising this scheme in 1874 Sir Joseph proposed 
that the main sewer should be continued from 
Beckenham westward by Croydon, Mitcham, and 
Merton to Kingston. By this means an outfall 
would be provided for the sewage of the towns in 
the Thames Valley. A provisional order of the 
Local Government Board for the combination of 
these places into one district has recently been ob- 
tained, and it is, therefore, probable that this out- 
fall sewer will in time become the outfall for the 
principal towns in the Thames Valley. In this way 
will be solved a difficulty which has for so many 
years thwarted all the efforts of the Thames Con- 
servators and the local authorities, and has imposed 
such heavy penalties on the latter. The details of 
the West Kent sewer have been designed so as to 
meet this eventuality, ample capacity having been 
given for any such requirement. The sewer will 
carry off the sewage alone, the rainfall and land- 
water being left to find their way as at present, to 
the natural outfalls. 

The works of the West Kent main sewerage 
scheme consists of the main sewer 15 miles in length, 
and the Cray Valley branch 6} miles in length. 
The main sewer commences at. Beckenham, close by 
the Elmers Station of the Mid-Kent Railway. It 
asses through Lewisham, Mottingham, Eltham, 
Sexier, Crayford, Dartford, and on to the Dartford 
Marshes. The branch sewer commences at Orping- 
ton, and passes through St. Mary Cray, St. Paul’s 
Cray, Foot’s Cray, and North Cray to its junction 
with the main sewer at Bexley. The levels of 
both main sewer and branch are variable, jthe 
scheme being a gravitation one the fall is of course 
towards Dartfo The flattest fall in the main 
sewer is 3 ft. per mile, and in the branch ] in 1000, 
The main sewer will be partly in tunnel, partly in 
deep cutting, and partly in embankment. In the 
first two cases the sewer will be egg-shaped in 
section, 6 ft. high by 4 ft. wide internally, and 
9 in. thick. It will be constructed of Portland 
cement concrete blocks to the springing of the 
arched roof, which will be of brick in cement. In 
embankments the sewer will have a circular section 
5 ft. 6 in. in diameter and 9 in. thick, and will be 
constructed in solid concrete. When thesewer passes 
under the River Cray it is divided and carried under 
the river by means of two iron tubes, each 4 ft. in 
diameter, uniting into one on the opposite side of the 
stream. The sewer is to be carried under Dartford 
Creek by a syphon arrangement, two iron tubes 
with penstocks at each end being employed. The 
Cray Malley branch at its commencement will be a 
pipe sewer only, gradually increasing in size until it 
reaches a diameter of 2 ft. 6in. near its junction 
with the main sewer at Bexley. At the outfall on 
Dartford Marshes there will be a concrete reservoir 
500 ft. long and 120 ft. wide and divided into com- 
partments for filtering the sewage prior to its dis. 
charge into the river. The filtered sewage will be 
conveyed through two lines of iron pipes extending 
for a distance of 250 ft. into the river, and opening 
several feet below low-water level, Sir Joseph 
Bazalgette is the consulting engineer to the scheme, 
and Mr. Alfred Williams, of Westminster, the engi- 
neer, the contractors being Messrs. John Neave and 
Son. 

The works were commenced rether more than 
four months since, and they are now fairly opened 
up in the neighbourhood of Sidcup. At present 
eight shafts have been sunk down to the level of 
the sewer to depths of from 40 ft. to 50 ft. below 
the surface, and three others are being sunk and 
will shortly reach the sewer level. The sewer in 
tunnel already executed is over 800 ft. in length, 
and about 1700 ft. of sewer have been constructed 
in open cutting at depths varying from 9 ft. to 25 ft. 
below surface. .The ground opened up extends over 
two miles of the route, and the construction is pro- 
gressing satisfactorily both as regards the amount 
and quality of the work done, the latter being de. 
cidedly good. An official inspection of these works 
was made yesterday week by the members of the 
various boards interested in the scheme, and who 
expressed their satisfaction at what te | saw. They 
were headed by Colonel Lennard, the chairman 


Union, to whose. zealous perseverance and public 
—_ is mainly due the success of the West Kent 
ain Sewerage Bill. 








PROFESSIONAL ACQUAINTANCE, 
PARLIAMENTARY COUNSEL. 

Ir any specimen of the fine old English gentle- 
man, as depicted in that long-admired piece of har- 
mony which bears his name, still exists, it must be 
in some remote and seldom frequented part of the 
country, where he is most probably fast dwindling 
into the fossil stage, and is regarded as good for 
no other purpose than that of a butt for the witef 
some professor of popular slang. Whatever his 
merits may be or have been, he has no place in 
modern society ; the fine old English gentleman of 
the present day has shot so far ahead of his proto- 
type as to retain no vestige or trace of him; £8. d. 
are the initials of his status, and. all traditional 
associations exceeding those limits are simply bosh. 

The general and estimable qualities which our 
forefathers reverenced have departed, and arro- 
gance and self-assertion reign in their stead. There 
is however one type of English gentleman which 
has always maintained its position, and still does 
so—the barrister ; educated, courteous, and affable, 
the refinement of his demeanour is a natural at- 
tribute; he may be found at the Old Bailey, or 
even in the police court, advocating the cause of 
the lowest and the vilest, but he remains intact, 
and passes through the ordeal untainted. 

A barrister rises to popularity and eminence 
purely by ability, no amount of patronage or lead- 
ing by the hand can avail without brains. Tact 
and coolness also are necessary acquirements. He 
is a roving lance open to all comers; plaintiff and 
defendant are alike to him, and it often happens 
that a rising counsel in carrying his case to a suc- 
cessful issue, not only improves his fame with his 
present followers, but secures the solicitor on the 
opposite side for a future client. 

Counsel are a mixed species, and may be classed 
under divers heads. There are first conveyancers, 
who spend their lives poring over intricate titles, 
drawing verbose documents, and always confining 
themselves to chambers; then others possess a 
faculty for common law practice, with its little 
quibbles as to literal readings of statutes and other 
documents, and further aim at success through their 
reliance upon the impressionability of that bulwark 
of the English constitution, a jury of one’s country- 
men, 

For some, equity has peculiar charms, where the 
text is capable of more liberal construction, and 
something tantamount to fair play seems to govern 
the proceedings. Arbitrations and special jury cases 
on land questions, and matters referred from the 
courts, afford another field. Divorce, Privy Council, 
and appeal cases, have also their special adherents, 
and lastly, though by no means least, there is the 
parliamentary bar. 

But the parliamentary bar, although possessing 
many attractions, especially to juniors, is at this dis- 
advantage when compared with other branches of 
the profession, it leads to nothing else. Most of a 
barrister’s previous training, what he has learned of 
the law of the land as laid down by statutes and 
precedents, is wasted here ; all the legal knowledge 
requsite for this purpose may be found in the public 
Consolidation Acts, fringed by the Standing Orders, 
No chancellorship, judgeship, or other legal dig- 
nity will reward the parliamentary barrister’s 
labours and acknowledged ability ; his opening and 
closing career are on a level, barring a slight dif- 
ference in the fee on his brief, and the emolument 
arising from increased practice ; but as far as posi- 
tion goes, it is only a slight paraphrase of what is 
continually dinned in one’s ears with respect to 
another profession. Once a parliamentary counsel 
always a parliamentary counsel, And ceasing to be 
a parliamentary counsel, when age and riches prompt 
retirement, he glides into the quiet country gentle- 
man, and Cincinnatus like, tends his flocks and 
herds, or otherwise ruralises himself. 

A parliamentary counsel’s practice has three fields 
for exercise, viz., the Court of Referees, and the 
Committee on the Bill in the Commons, and the 
Committee in the Lords, The referees consider only 
cases of locus standi upon petitions against a Bill, 
and the practice before them turns much upon pre- 
cedent. Considering the small number of points 
that can be supposed to arise upon the right of peti- 
tioning against a private Bill as laid down by the 
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to find what a number of cases have been stowed 
away as precedents in books compiled upon this 
subject, But precedents open the area for counsel 
to move in, though perhaps the perplexities of the 
referees are never greater than in extricating them- 
selves from these entanglements, when trying to 
give a fair interpretation of what the Standing 
Orders intended to prescribe. 

The merits of the Bill are wholly excluded from 
the jurisdiction of this court, and some amusement 
may be derived from observing the tactics of an ex- 
perienced practitioner at the climax of his opponent’s 
eloquence, in swooping down upon him with the 
short enunciation ‘‘ that’s its merits,” and thus ob- 
literating the whole argument from the mind of the 
court. Previously to going before the Committee, 
there is always a consultation between the counsel 
retained and the solicitor, engineer, pein 
agent, and others interested in the Bill. 

The leader generally gauges the Committee by 
scanning their names in his brief, when he often 
spots an old acquaintance and will cite his peculi- 
arities. The chairman, however, is the central star, 
his experience placing him upon a level with the pro- 
fessional men, so far as a knowledge of the existin 
railway systems, and the prominent antecedents o 
the leading companies, is useful, 

Later on in the case some racy anecdotes often 
enliven the proceedings and eke out the time 
allowed for a consultation, which in the height of 
the session rarely exceeds a quarter of an hour. 

The opening speech upon a private Bill is of course 
sutmeal with a view of placing the promoters’ case 
in its most favourable;aspect before the Committee. 
For instance as regards a railway Bill, explaining 
the course of the line, enlarging upon its utility as 
an addition to the existing system, and the accom- 
modation it will afford to that benighted portion of 
the British public at present lying hidden in the 
district about to be traversed; making light of en- 
gineering difficulties, and making much of a traffic, 
which up to the present time has been content with 
the modest service of a carrier’s cart; the advantages 
to be derived from facility of access to the nearest 
market town, assume pantomimic proportions, and 
the parties who have dared to object to the scheme 
by petitioning against it come in for a good amount 
of castigation. 

The next stage is the examination of witnesses in 
<—e of the Bill, which varies according to their 
kind. Engineers and traffic managers are left pretty 
much to themselves im their examination in chief, 
their previous experience enabling them to judge 
where to tread lightly, where heavily, and to deter- 
mine that most difficult of all points with some of us, 
where to stop, but always bearing steadily in mind 
the rod of cross-examination that is hanging over 
them, every sprig of which is culled from previous 
evidence, "The examination of local witnesses in 
chief requires careful attention and tact, a sharp 
curb being often necessary to restrain their hymn of 
praise within such limits as can with safety be tested 
by the other side. 

Then the opponents’ witnesses have to be tackled, 
and lastly comes the reply, when the leader rushes 
into the room and astonishes the Committee with 
one of the most remarkable versions of what has 
taken place that art and invention combined could 
possibly produce, without entirely ignoring those 
inconvenient articles called facts. 

Leading parliamentary counsel are very hard 
worked at certain periods of the session. Take aday 
in May when committees are sitting in both Houses. 
There are perhaps twenty Bills down for consider. 
ation ; a popular counsel will be on one side or other 
in every one of them, and will generally so manage 
matters as to visit each room once in the course of 
the day, where he will certainly be appealed to for 
advice in the emergency which is sure to have arisen 
in each case, for it is one of the remarkable charac- 
teristics of parliamentary proceedings that they are 
always at a crisis. 

__A parliamentary counsel, like all other lawyers, 
identifies himself with the case he is for the time 
being engaged upon, and shifts his argument in 
accordance with the side he is advocating—hence, 
after throwing a Bill out before one committee on 
the ground that not a shilling has been subscribed 
towards constructing the intended railway, it is 
quite a matter of course that he should enter the 
next room and meet a similar argument from his 
antagonist with the assertion that what he has just 
so successfully denounced is the rule instead of the 
exception, and in fact that in these times no capital 
could possibly be raised unless the undertaking to 


which it was to be applied was backed by the 
sanction of Parliament, 

A leading member of the present parliamentary 
bar will be easily recognised in the following quo- 
tation from one of his s e8 : 

‘¢ Now, then, I beg to say something about the 
D. Railway case. What was Mr. E.’s evidence yes- 
terday about? You will remember it was rather 
startling evidence. Mr, E. is in the habit of start- 
ling us all occasionally, except that I have got too 
old now to be surprised at anything. He said at 
page 46—I remember it without looking at it—but 

ere it is, at question 588, ‘ the coal traffic alone 
on this line will pay 44 per cent.’ I am going 
to use that, to test the value of Mr. E.’s evidence 
upon other points, as to which we cannot apply the 
numerical test quite as well as in this case. The ca- 
pital for this line, to say nothing of the borrowin 
powers, which I might throw in, is 300,000/., aa 
4} per cent, upon that is 16,200/.; it is a very easy 
calculation to take maximum rate for toll which is 
given in their Bill, namely, twopence a mile, and 
bearing that in mind, it would take, how much do 
you think, to produce 16,200/. a year? 1,720,000 
tons, if I have not done it wrongly, and I think 
I have not. The coal traffic alone would pay 44 per 
cent. he says. If that does not mean on this line, 
then all I can say is, the answer was a deceptive 
one, and one calculated to mislead any committee 
or any counsel who heard it. This is East-end 
traffic you know. I give you that as a test which 
one is able to apply in this case to Mr. E.’s evidence 
or pel A witness that makes statements of that 

ind, cannot expect the very slightest credit to be 
given to his evidence in other things, which cannot 
be tested in that way. If we add one-fourth more 
for borrowing yee the result is that we get at 
this, that Mr. E. expects his East-end coal traffic to 
be of the value of 2,000,000 tons a year, nearly 
one-half of all the coal traffic that comes into 
London, and a great deal more than one-half of 
what all the railway companies bring into the whole 
of London, east, middle, and west, according to 
well-known figures. Is not that a fair test to apply? 
I now say that my learned friend may, if he likes, 
mean coal traffic other than traffic belonging to this 
railway. I say that the result is still absurd. The 
figures are utterly monstrous and ridiculous. I say 
that that test is a very simple one of the value of 
Mr. E.’s evidence upon many other points which we 
cannot test in the same way.” 

Another leader is equally conspicuous here : 

‘Therefore I say again that if the A. Company 
had come to Parliament seeking to do what they 
did in reference to the B. Railway proper, namely, 
had come, and there was a clause introduced into 
the Act providing that they should not go upon 
that line until two additional lines were made, and 
they had their own station at C., for Parliament was 
anxious that the great B, Railway traffic, consisting 
of millions, should not be affected by the introduc- 
tion of these foreign companies, and a special clause 
was introduced into the Act of Parliament to of 
that they should not come upon the B. system ti 
the additional lines were made to take them to 
D.-street, to go there upon an independent line, so 
as not to interfere with that underground traffic, 
And yet you are called upon to pass,” &c, 

The following shows how advantage is sometimes 
taken of a popular topic. 

‘* Will you sanction the slightest interference 
with Muddle Common? Ido not care if it is a 
quarter of an acre. I shall call before youa gentle- 
man of great intelligence who is the secretary of a 
committee formed at Muddle to protect this common, 
They are jealous that an inch should be taken, and 
I wil tell you why, because if there are to be de- 
viations you are sanctioning a principle with refer- 
ence to dase open spaces, I say if that other line 
did not go near Muddle Common, and if those open 
spaces are to be protected, committees of the House 
of Commons must not allow the slightest interference, 
because if you allow the slightest interference 
you give up the principle. I say if there is a matter 
which requires the laying down of some principle 
which is not to be deviated from, do not allow those 
open spaces to be interfered with to the extent of 
one single inch,” &c, 

One of the most prominent peculiarities of par- 
liamentary counsel is the mis 
make in names of persons and places, which, how- 
ever, is not surprising when it is borne in mind that 
they are carrying the details of so many different 
cases in their heads throughout the day. This is 





an illustration : ‘“‘ Now take an instance of the igno- 


es they frequently | of 





rance displayed by some of the promoters’ witnesses 
as to the present facilities which actually lie at 
their very doors. There was that gentleman who 
was in the habit of driving because fis son (being a 
big boy I suppose) had once been charged the full 
fare before he was legally bound to pay it. I be- 
lieve he was called some such name as Barking. No, 
by-the-by, that was the _— he came from. 
Simpson? ah, eke Yes his name was Simpson, 
and ah! oh yes, I that he did not’ come from 
Barking but Barnes,” 

Some counsel have a clever knack of leading a 
witness on to his own destruction by self-condemna- 
tion, Edwin James was an adept at this—we re- 
member an instance. A man been laying down 
the law ina very pompous manner to the Committee 
in his examination in chief; he was a vestry clerk 
but by tradea tailor. Edwin James in cross-examin- 
ing him smoothed him down so as to divest his mind 
of all suspicion and questioned him thus: ‘‘I believe 
although you perform the duties of vestry clerk 
with so much ability, you also follow some other 
profession?” Witness, ‘‘Ido.” E. J., ‘You are 
probably either a barrister or solicitor.” Witness 

rather flattered), ‘‘No I am not.” E. J. (after 

odging through a few other callings), ‘‘ Now pray 
don’t be ashamed of owning your profession, surely 
you are not a tailor.” 

A different way of bringing about a similar result 
is exemplified by pretending to put a hypothetical 
case, and after obtaining a full admission of the 
iniquity of the transaction referred to, turning upon 
the witness with, ‘‘ You will probably be surprised 
- nag that that evidence was given by yourself in 

There is sometimes a fifth wheel added to the 
coach in parliamentary contests by giving a brief to 
a relation or friend of the chairman or some director 
of the company interested in the Bill. The discre- 
tion of these young gentlemen is not always co- 
equal with their zeal. We remember once a parlia- 
mentary solicitor of a nervous temperament on see- 
ing one of them rise to address the Committee (who 
were waiting the reply on the Bill) rushing at him 
with this exclamation : ‘‘ My dear Mr, A., whatever 
are you going to do?” ‘To which the other replied : 
‘T was only just going to observe——” The soli- 
citor, with increasing nervousness, ‘‘ Oh pray do 
not observe upon anything at all; do ae sit 
down.” ‘‘ But,” persisted the counsel, ‘‘ 1 was only 
going to tell the committee that my leader had been 
sent forand would be here directly,” which he was 
allowed to do, and this was the sole contribution of 
that learned friend to the argument in support of 
the Bill, 

The leaders who bore the brunt and earned the 
emoluments attaching to the great parliamentary 
contests for the existing railways have all passed 
away. ge among them were Austin, Tal- 
bot, and Wrangham, who flourished during the 
railway mania, Hope Scott commenced his parlia- 
mentary career about that time. No parliamentary 
counsel in our time ever stood so entirely alone and 
held such a towering position over all competitors as 
this gentleman, who was as much respected for his 
geniality of disposition and urbanity of manner as 
admired for his eloquence and ability. Calvert (the 
nominal leader during Hope Scott’s reign) and 
Merewether will both be well remembered, Of 
the latter it may be said, though he may sometimes 
have failed in carrying a Bill he never lost an op- 
portunity of making a joke. Sir William ‘Alexander 
must stand alone; none but himself could be his 
parallel, 

We conclude as we began by asserting that the 
true type of an English gentleman is to be found at 
the Bar, and take him for all in all there are few 
more ne specimens than a parliamentary 
counsel. 





Tur BRooxiyn Brrpex.—The wire for the cables of the 
Brooklyn bridge has been taken to the top of the tower on 
the Brooklyn side. The elevating process was carried out 
by means of drums or windlasses. Of these there were 32, 
each cable moquising Se™. A coupling of metal joins 
coil every 1000 ft. e strength at the point where the 
coils are joined is increased by the application of a powerful 
screw. 





ANGLESEA BripGE, Cork.—It will be remembered 
that in the autumn of last year the corporation of the ved 
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LOCOMOTIVE CRANE. 


CONSTRUCTED BY MESSRS. DUBS AND COMPANY, ENGINEERS, GLASGOW. 
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Some years ago (vide ENGINEERING, page 19, vol. v., | 
and page 303, vol. vii.) we gave illustrations of the 
ingenious locomotive crane, which had then been de- 
signed by the late Mr. Henry Dubs, of the Glasgow 
Locomotive Works. A number of examples of this | 
crane were subsequently manufactured by his firm, and 
some time prior to his death Mr. Dubs brought out 
a locomotive crane of the same general design, but which 
differs very materially in the details of the crane portion 
of the engine. In the first instance, the crane pillar was 
fixed directly to the boiler and formed part of it, the 
hollow interior being steam space, while the reversing gear 
for lifting and lowering, together with the counexions for 
letting on the steam to the crane cylinders, also passed 
up the centre of the pillar. In the new crane engine, 
however, of which we now give an engraving, the main 
frames A are carrried up to the base of the pillar, which 
base is a wrought-iron slab B, 2} in. in thickness, on which 
there is planted the crane-post C. The engine, which 
we formerly described and illustrated, was calculated to 
lift 6 tons with an 8 ft. range of jib, while the new en- 
gine, on the other hand, as at present designed, and now | 
illustrated by us, is capable of lifting weights of 24 tons | 
with a jib range of even 14 ft. inlength. The platform or 
tank support is made of thick cast iron so that it may be | 
used to form a counterbalance to the weight being lifted ; 

| 


and by increasing the weight of this counterbalance it is 
very easy to make such an engine as we have figured to lift | 
even much heavier loads. It was thought by Mr. Dubs 
that, by modifying the jib in the way we have mentioned, 
and giving it a lighter lifting power, there would be | 
opened up a more extensive use for this crane locomotive | 
engine. By means of these modifications the crane engine | 
can now command a much greater area for laying and lift- 
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Hallside, near Glasgow. They are chiefly employed for 
setting the casting pits. Each crane has from 4000 to 
5000 lifts per week, the work including the lifting of 
ingots, ingot moulds, slags, &c., changing the ladles, 
loading the scrap, &c. Another of the same type has 
recently been made for the Panteg Steel Works, near 
Pontypool. One capable of lifting 7 tons was sent some 
time ago to Moscow, and one of smaller lifting capacity 
has been supplied to the harbour of Libau. Altogether 
there are now about a dozen of them in use. For such 
work as we have already referred to, as also for harbour 
works, bridge building, quarry work, timber yards, 
timber ponds, &c., they are eminently serviceable. 








NOTES FROM THE SOUTH-WEST. 

The Sewage of Stroud.—The sewage of Stroud has been 
worked for upwards of ten years upon Dr. Bird’s plan of 
precipitation of sulphated clay, various modifications of the 
tanks being from time to time made to perfect the effect of 
the precipitation and the filtration of the sewage. During 
the last twelve months the system has been found to work so 


| satisfactorily, that, notwithstanding the heavy rains and 


flood, nearly 400 tons of dried solid sewage have been kept 
out of the brook, and no solid matters have been allowed 
to flow into it. 


ye Factory.—Much excitement is still felt at Key- 
ham Factory respecting the discharges which are being 
made, especially on the’ circulation of a statement that 
120 menare to be dismissed. On the other hand, it is 


affirmed that what is taking place is only an ordinary weed- 
| ing out of indifferent workmen and men who have lost 


time, a course which is adopted just now because the ex- 
penditure in wages this year so far exceeds the due propor- 
tion of money voted. There is no doubt that the contracts 
now being made with private firms puzzle the employés and 


“pr weights for railway working and similar purposes. | increase their anxiety. One of the latest instances of the 


the locomotive crane as modified there is likewise 
introduced a slewing arrangement, this consisting of 
the wormwheel F operated by the worm G, which is 
worked by means of a separate engine ; and there is this 
advantage attending its working, namely, that all the 
operations are referred back to the footplate, and are under 
the direct control of a single workman. At the hinder 
part of the crane there is a tank H for collecting all 
water from the waste-water cocks of the crane engine, &c. 
Such an addition is especially desirable in cases where the 
engine is used upon a platform or staging underneath 


kind is afforded by the Invincible. The engines and boilers 

of this vessel are to be repaired, and although the Invincible 

is lying in the north basin at Keyham, the work is to be 
| done by Messrs. Rennie, who have to send men to Devon- 
| port to do it. 


Aberdare.—With the exception of the Werva Colliery, 
where the men only worked three days daring the past 
week, the whole of the collieries of the Aberdare Valley 
have been going very steadily. At the Bwilfa Colliery, 
| belonging to Messrs. Brogden, notices have been issued to 
| terminate all contracts. The notices will expire on Satur- 
| day, and it is feared a reduction in the wage rate will be 


where men may be working. The tank is so arranged that | demanded. Much uneasiness prevails among the men in 


when it is full its contents can be discharged by means 
ofa large cock into the side tanks of the locomotive. | 
A couple of these 24 ton crane engines are in constant 
use at the works of the Steel Company of Scotland, at 


| consequence. 
Lundy Island.—Telegraphic communication with Lundy 
Island was the subject of a discussion at the mong of 
the Cardiff Chamber of Commerce on Wednesday, and it 








was generally thought that what the Government had 
refused to do might, without any great risk, be effected by 
a private company. A resolution was passed requesting 
the president of the chamber and the chairman of the 
Shipowners’ Association to confer together, and take such 
steps as they might consider expedient to carry out the 
object in view. 


Engineer Students.—A new Admiralty warrant having 
reference to the entry of engineer students directs that ap- 
pointments are to open to public competition, and 
candidates must be between 14 and 16 years. The 
scholastic examination will consist of arithmetic, writing 
from dictation, composition, grammar, geography, algebra, 
up to and including quadratic equations, geometry, the 
first six books of Euclid’s elements, translation of French 
and French grammar. Candidates who fail to pass in 
arithmetic, writing, and composition will be disqualified. 
Successful candidates must join with their parents in giving 
a bond of 3001. to enter the service if, at the expiration of 
their training, they should be deemed competent to do so. 
In the first three years students .will have to pay 251. per 
year. Board and lodging will be provided for them, and 
they will be required to reside in one of the dockyards. 
Their term will extend over six years, and in the first year 
they will receive 1s. per week; second, 2s.; third, 3s. ; 
fourth, 5s.; fifth, 8s.; sixth, 10s. In addition to their 
practical training they are to receive instruction in iron 
ae. On the completion of their sixth year 
students will be eligible for admission to the Royal Naval 
College as acting assistant engineers, provided they can 
pass an examination. They will be rovided with quarters 
at the colloge, and will receive 6s. a day and 1s. 6d. towards 
mess expenses; but if they remain more than one term 
they will receive full pay as acting assistant engineers, and 
ls. 6d. a day for messing. No assistant engineer who has 
passed three terms at Greenwich will be allowed to leave 
the service within seven years of the completion of his term, 
unless he shall pay 500/., and defray the charges of his 
education ; such resignation in each case to be subject 
the approval of the Admiralty. 


Devonport.—Orders have been received at Devonport 
that no vessel likely to occupy a dock for any length of 
time is to be wn | in either of those at Devonport or 
Keyham yards, but that the docks are to be kept as clear 
as possible for any emergency which may arise. To provide 
for this, arrangements have been made with private firms 
to execute the necessary extensive repairs to several ships 
P mmed for repairs during the present financial year 
at Devonport. 

The Turquoise and the Resistance—A new crankshaft 
is to be supplied to the Turquoise, 12, screw corvette, the 
makers guaranteeing that it shall have no defects for 
twelve months. The Admiralty have ordered the pressure 
on the boilers of the Resistance to be reduced from 23 lb. to 
18 1b. to the square inch. 
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CLARK AND STANDFIELD’S AIR CUSHIONS FOR DOCKS. 





Some time since (see ante page 369) we published a 
description of a shallow water ship float, designed by 
Messrs. Clark and Standfield, of Westminster, in which 
one of the special features was the introduction of air bags 
which, when distended, served to support the vessel 
within the dock. The annexed engraving shows the ap- 
plication of similar cushions to ordinary graving docks. 
The cushions are composed of layers of canvas and 
rubber, capable of resisting a strain of about 40 lb. to 
the inch, and they are inflated by means of air com- 
pressors worked by engines at the side of the dock. They 
are protected outside with rope matting. Fig. 2 shows 
the form of the bag when inflated, as well as the inlet 
and relief pipes, the latter employed to allow the air to 
escape after a given pressure has been exceeded. Access 
to any part of the ship’s bottom can be gained by allow- 
ing the air to escape from one or more bags, and so mak- 
ing it clear of the ship, while the latter is supported by 
the adjacent cushions. 








GOVERNMENT AID TO SCIENTIFIC 
RESEARCH. 


WE publish below a list of the endowments for the 
present year, made by the Government in the aid of scien- 
tific research on the recommendation of the Royal Society. 


PERSONAL PAYMENTS. 

Mr. J. A. Broun.—For Correction of the Errors in the 
published Observations of the Colonial Magnetic Obser- 
vatories, 150 

Dr. Joule.—For Experimertal Investigations into the 
Mechanical Equivalent of Heat, 2001. 

Prof. Parker.—For Assistance in Researches on the 
yy A of the Vertebrate Skeleton and the Relations 
of the Nervous to the Skeletal Structure, chiefly in the 
Head, 3007. 

Rev. W. H. Dallinger.—For Microscopic Investigations 
of Monads, Bacteria, and other low Forms of Life, 1001. 

Rev. F. J. Blake.—For compiling and publishing a 
‘* Synopsis of the British Fossil Cephalo »”” 1001. 

Prof. A. H. Garrod.—For Aid in preparing for Publi- 
cation an Exhaustive Treatise on t tomy of 
Birds, 1001. 

Dr. Murie.—For completing and publishing three Me- 
moirs :—‘‘ Anatomy of the Kingfisher,” 4to., with five 
plates ; on ‘‘ Extinct Sirenia,’’ 4to., with six plates; ‘‘ Os- 
teology of the Birds of Paradise,” folio, three plates, 1501. 

Mr. H. Woodward.—For Continuation of Work on the 
Fossil Crustacea, especially with reference to the Trilo- 
bita and other Extinct Forms, and their Publication in the 
Volumes of the Palzontographical Society, 1001. 

Prof. Schorlemmer.—For Continuation of Researches into 
(1) the Normal Paraffins, (2) Suberone, (3) Aurin, 2001. 

Dr. H. E. Armstrong.—For Contin#ation of Researches 
into the Phenol Series, and into the Effect of Nitric Acid 
on Metals, 3001. 

Profs. King and Rowney.—For Researches to deter- 
mine the Structural, Chemical, and Mineralogical Cha- 
racters of a'certain Group of Crystalline Rocks represented 
by Ophite, 607. 

Mr. W. J. Harrison.—Towards the Expense of ene 
and describing Specimens of the Rocks of Charnw 


Forest, 501. 
Non-PERsONAL PAYMENTS. 

In aid of Apparatus, Materials, and Assistance. 

ir. J. Kerr.—For Aid in Electro-Optic and Magneto- 
Optic Researches, 2001. 

Mr. J. E. H. Gordon.—For Experimental Measurements 
of the Specific Inductive Capacity of Dielectrics, 501. 

Prof. Guthrie.—For Apparatus and Assistance in (1) the 
Determination of the Latent Heats of the Cryohydrates 
and the by se Tensions of Colloids; and (2) the Exa- 
mination of Heat Spectra and Radiant Heat by means of 
eS Sa Resistance in Thin Wires, 1501, 

r. J. T. Bottomley.—To aid in carrying out a Series 
of Experiments for determining the Conductivity for Heat 
of Various Liquids and Solutions of Salts, 1001. 

Sir William Thomson.—For Assistance and Materials 
for a Continuation of Experiments on the Effects of Stress 
in Magnetism, 1601. 

Mr. z: per ger ,Ansistehee in contiening. his 
Researches connected wi . ulsion resulti rom 
Nesotion, 2008. Top _ 

Messrs. Riicker and Thorpe.—For a Comparison of the 
Air and Mercurial Thesenstem, 501. 

Mr. F. D. Brown.—For an Investigation of the Physical 
V Te — of te Hoel and pomerie Liquids 
7, ension, omologous iqui 

of the CnH2n-+-1 Series, 1001. _ 

Prof. Roscoe.—For Continuation and Extension of the 


Fig -1. 








Fig. 2. 


. . 


Experiments on the at Bogie tering Method of measuring 
the Chemical Action of Light, 1001. , 

Sir William Thomson.—For Investigation and Analysis 
¢; a Observations and Periodic Changes of Sea Level, 


Dr. J. B. Balfour.—For the Expense of Illustrations for 

a “‘ Monograph of the Pandanacem’’ 501. 
. H. T. Stainton.—For Aid in publishing the “‘ Zoolo- 
— Record,’’ 1001. 
. J. G. M‘Kendrick.—For A us for a Research 
into the Respiration of Fishes, 751. 
Prof. Gamgee.—For a more Complete Survey than has 
et been made of the Physiological Action of the Chemical 
Tenentaond thelr meselien le Compounds, with the Object, 
in the first instance, of establishing a Physiological Classi- 
fication of the Elementary Bodies, 501. 

Dr. Brunton.—For Researches into the Physiological 
Action of the most important Compounds of Nitrogen, 
and into the Action of certain Poisons, and for Apparatus, 
80 





| 











l. 
Mr. E. A. Schiéfer.—To pay the Wages of an Assistant 
to give Mechanical Aid in Histological and Embryological 
Research, 501. 

Dr. Burdon Sanderson.—For an Investigation of the 
Normal Relation between the Activity of the Heat-Pro- 
ducing Processes, and the Temperature of the Body, 701. 

Prof. Schorlemmer.—For Continuation of Researches 
into (1) the Normal Paraffins, (2) Suberone, (3) Aurin, 
1001 


Ba i ems he Tt 
ic Spectra o ic Su ces, in e Phosp’ 

or rium, the Conditions under which Liquid Carbonic 
Acid is found in Rocks and Minerals, the Double Salts of 
Cobalt and Nickel, and for other Investigations, and for 
Assistance, 1001. 

Dr. Burghardt.—For a Research into the Origin of the 
Ores of Copper and (if possible) of Lead, their Mode of 
Formation, and the Chemical Connexion (if any) between 
the Ore and its Matrix, 501. 

Prof. Church.—For a Research into the Colouring 
Matters of Colein, of;Red Beet, and for the Study of Plant 
Chemistry, 501. 








THE MINERAL WEALTH OF JAPAN.* 
By Henry S. Munrog, E.M. 


(Concluded from page hag 
Kanaba Gold Mines—Okuzo, ita i, Akita ken. 
At the time of my visit, these mines were under the direc- 
tion of Mr. Robert G. Carlyle, an engineer of the Mining 
Office. Since the death of Mr. Carlyle, the mine has been 
under the superintendence of Mr. R, J. Frecheville, of the 
same Office. 
These gold mines have been worked for many centuries, 
and hun 
every direction. A number of these old workings have 
been reopened and surveyed. Tunnels over two miles in 
length have been found, and drifts and stops innumerable, 
—all driven with imperfect tools, before the time of gun- 
powder ; and affording, especially in the carefully dressed 
walls and squared corners of some of the tunnels, 
evidence of slow and patient labour. One of these tunnels 
is said to have been the scene, many years ago, of a 
desperate hand-to-hand fight between the rival miners of 
two provinces, whose workings, driven from opposite sides 
of the mountain, met in this place. The connecting winze 
was afterwards blocked up; and has been only recently 
reo} for ventilation. Z 
he gold occurs in small veins, traversing a porphyritic 
rock he veins vary in thickness from 3 ft. to a mere 
sheet. The gold is associated with copper and iron pyrites, 
blende and galena. The thin veins contain the richest ore, 
while the larger veins are usually too 
These large veins contain copper and ; 
are they rich enough in these metals to be worked. 
fissures are quite regular ; run north and south, and 
dip from 45 deg. to 70 deg. W. are 
with decomposed porphyry, often in 
clay. The copper ore occurs in 
extent, near the foot wall. 
*A paper read before the American Institute of Mining 
ineers. Reprinted from the New York Engineering 
Mining Journal. 








reds of tunnels and adits penetrate the hills in | 1 
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oe not the richest, is better than the average of 
Japanese gold mines. We shall therefore await with 
interest the result of this iment 


stamp mill, built in France, and 
believe, by the advice of M. Coignet, is bei # 
under the superintendence of a Japanese machinist from 
the Ikuno mines. The mill will be run by a large turbine, 
and will treat 24 tons of ore ° 

There are al mining di in this vicinity. The 
mines of Ni , in the neighbourhood of the mill, are at 
present 1 ed, and work has been sus . ing the 
completion of a new drai tunnel. This, with its 
branches, it is said, will be about 2} miles in length, and 
will requ 30 years i ion. 

whieh ‘will bo drained by this tunnel are reported to be 


v ls 

In the mean time the supply of ore is drawn from the 
mines of Yamagano and ieee 

artz veins traversing a stratified tufa rock. This tufa, 
which is quite soft, alternates with a hard, dark blue 
crystalline quartzite, and in the vicinity are beds of sand 
stone and . Both the quartzite and the shales con 
Seen gies et iinet maples and other deciduous trees. 
The strike and a the ne veins correspond 
usually with the strike and dip of the stratified rocks, and 
they are apparently bedded veins, thongh without doubt 
true fissures. The general direction is east and west, the 
dip towards the south. 

At Yamagano the veins are rarely more than one-tenth of 
a foot in thickness, and when thicker, are too poor to work. 
The average yield of the ore is about three-tenths of an 
ounce, or 6 dols. to the ton of 2000 lb., which, it is said, 
does not pay expenses. 

At Musoyama there is a vein 5 ft. to 6 ft. thick, filled for 
the most part with fragments of wall-rock, cemented by 
thin seams of gold-bearing quartz. The yield of this ore 
is nearly one-half of an ounce of gold, or 9.70 dols. to the 
ton. As the vein is so exposed that it can be quarried in the 
open air, 25 workmen, mostly boys, produce 6 tons of ore 
per day. At another mine, Yamanokamiyama, small 
quantities of ore are obtained, which is said to yield 
wey — dols. to — — 

‘ amagano ugoyama there are large 
deposits of gravel containing gold quartz. These ts 
are washed for gold and the q icked out by ° 
One cubic yard of this gravel yields about 11 cents worth 
of gold by pacar and the quartz picked out, when 
crushed treated by the Japanese process, yields about 
as much more. 

Sado Gold and Silver Mines.—The mines of the Island 
of Sado are said to be the richest and most valuuble in 
Japan. They have, it is said, been worked for more than 
years, and formerly yielded much gold. The bullion 
produced by the mines S .. age t Ran. silver, gold 
occurring in s proportions only. would seem proper, 
therefore, to class the mine smong those of silver, though 
describing it in this place. They are now in the control of 
the Office, and under the superintendence of Mr. 
Alexis Janin. 

From a short account of the principal mines given by 
Mr. Gubbins, of the British tion, in a paper 

I extract the 


before the Asiatic Society in April, 1875, * 
following details : 

The mines are situated near Aikawa, towards the 
southern extremity of the island. The old workings, 
which are woes, Geen wy are of the most primitive kind, 
and the mines have, for the most » been abandoned for 
want of means to control the . About 60 years ago 
300 miners are said to have lost their lives by a sudden 


flooding of one of the principal mines, caused b 
+ | the accidental tappi pp ed oe a pe iy 4 


.pping collected in 
some older workings. 

Of the character of the ite, the richness of the ores, 
and the nature of the work now going on, Mr. Gubbins 
gives no information. He mentions a , how- 
ever, which illustrates the difficulty sometimes a i 
the introduction of labour-sa and new 

of working. It a few years ago a 


to bring the ore from the mine 








* Trans, Asiat. Soc. of Japan, vol, iii. part ii, p. 96. 
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Paper § en Py vate the ore on their 

is to drain the mines 

mg order. It is —— 
cay 

pore ongees Sewn Mphay seer 


i ing north and 
These veins divide into a number of er branches, 
in former times. Of the many 
are in working order ; these follow veins 
ft. thick. The ore contains gold, silver, 
tis | beer to oink tebe ehafta, two feb the 
is p i shafts, oisti ore 
and one for pean isting combined. One hattinte 
dept t., wit tal galleries 2000 ft. 
long, at intervals of 100 ft. Another shaft -vill be 902 ft. 
leries 2500 ft. long. The whole work will 
be completed within 12 . It has been estimated that 
inrve yours following wa gvevage 08,90,008 tons ar your. 
years ing an average A ms per year. 
At present the whole of the ore mined cannot be treated, 
as the smelting works are incom > 1873 fully 
ormer 


, tons remained from the wor' , 
and during the same an additional amount of 1867 tons 
was produced. Of this but 1217 tons were treated, ok 
ducing 24,549 oz. of silver and 592.27 oz. of gold, which 


be worth at present prices of ion about 
40,000 dols. The ore would thus seem to average nearly 
88 dols, per ton (2240 Ib. ?), and to be rather an ore of 
silver than of gold. 

Tin.—Tin is found in but three of the 35 ken of Japan. 
According to Mr. Godfrey, the total. yield in 1874 was 
16,800 lb. In the same year four permits were ted for 
tin mining. In two of these tin was apparently of secondary 
importance, being associated in the one case with copper 
and in the other with lead. 

Tin occurs in Japan, so far as I know, only in veins; 
though in 1874 two permits for exploration were gran 
to parties who claimed to have discovered deposits of stream 
tin. 

Taniyama Tin Mine.—Taniyama kéri, Kagoshima ken. 
Nearly the whole of the tin produced in Japan is from this 
place. The mine is said to be owned by the Prince of 
Satsuma, but is under the control of the company that 
works the Yamagano gold mines. There are twenty-one 
distinct veins of tin averaging 14 ft. in thickness, 
but varying from a few inches to 4 ft. These veins tra- 
verse a series of sedimentary rocks similar to the formation 
at Y 0, composed of soft tufas, shales, and sand- 
stones, with occasional beds of hard, dark blue quartzite. 
The surface is almost everywhere covered with a deposit of 
modern pumice, and exposures of volcanic rock are of com- 
mon occurrence. 

The general direction of the veins is north-west and 
south-east, while the strike of the rocks is north-east and 
south-west, sometimes approaching an east and west direc- 
tion, The veins are sometimes bedded between hard and 
soft strata, but usually traverse both. The ore is cassi- 


terite, found in microscopic crystals scattered 
through a e of quartz. As mined, the a rich- 
ness is 12 to 18 per cent. of tin, tho imens of nearly 


pure cassiterite are occasio! found. e rich specimen, 
assayed by one of my students, yielded 56.7 per cent. of 
niétallic tin. The ore is crushed, and is ground between 
millstones in the same manner as ores containing gold. It 
is then concentrated by washing on the ita to a richness of 
about 50 per cent. e first grinding and washing yields 
about 15 per cent. of concentrated ore; the second, 5 per 
cent. ; the third, 2 per cent. ; and the final treatment, after 
’ exposure to the weather, one-half of one per cent. 

used for washing are similar to those used in 
the treatment of gold. They are of circular form and very 
shallow—2.2 ft. in diameter and 0.08 ft. deep. This 
elaborate system of concentration is very expensive, requir- 
ing for the treatment of a single ton nore than eighty dagy’ 
work, nine-tenths of which is expended in the slow and 
laborious washing of the ore, a little at a time, on these 

= ind b 


wooden pans. 
The washed ore is the following process : 
1. Roasting of the ore in ki 
2. Fusion of roasted ore in low hearths. 
3. Remelting of tin, in an iron kettle, for purification. 
4. Washing and remelting of slags 





the production would be 15 to 16 tons a year, nearly double 
Mr. Godfrey’s estimate for the whole country. The state- 
ment, however, can hardly be correct, for the average 
ya Rage hy the workmen would, at this rate of pro- 
duction, be fully double the — ordinarily paid in this 
rt of the country. m another source I learn that in 
870 the product was 8 tons, which is probably nearer the 
a ann’ ield of the mine. 
Antimony.—Antimony is reported to occur in six of the 


.| ken of Japan. Four mines were producing ore in 1874, 


No ore has, to my knowledge, 


but only in small quantity. 
shipments only have 


been smelted in the country, and small 
been made to England and elsewhere on speculation. 
visited one of the most important localities, that of Tak 
hama, on the Island of Amakusa, but found the deposit 
quite insignificant. The stibnite occurs in small and irre- 
_ veins, yew pure and free from gangue, and in seams 

in. to 1 ft. thick The country rocks are hard sandstones 
and dark-blue shales. There are at work here three or 
four miners, who had several tons of dressed ore on hand 
awaiting the orders of their agent in Nagasaki. 

Mercury.—According to Mr. Plunkett, cinnabar occurs 
in two localities, but neither of these deposits is now 
worked. One mine in the northern part of Nippon is said to 
be very promising, but the present proprietors are not now 
inclined to expend money for its development. The other 
mine is near Ainoura, on the peninsula of Hirado (not on 
the island of the same name), in Matsura k6ri of Nagasaki 
ken. Mr. Gower, who formerly superintended the work- 
ing of this deposit, reports it to be valuable. The mine 
was opened under his direction some years ago, and a retort 
furnace was erected for the distillation of the metal from 
the ore. The furnace was worked successfully, and mer- 
a produced in some quantity. During the absence 
of Mr. Gower, however, the workmen, by careless firing, 
melted the iron retorts, and disco y this acci a 
the owners decided to abandon the undertaking. 

The cinnabar occurs here as a local impregnation in 
sandstones of the coal measures, and filling small seams 
and fissures in the rock. 

Sulphur.—As might be expected from the volcanic 
nature of the country, deposits of sulphur are of com- 
mon occurrence in Japan. i 
seventeen different ken, and in four of the provinces of 
Yesso. It is found usually in superficial deposits in the 
craters and on the flanks of inactive volcanoes, and in 
solfataras. A small quantity is also found deposited from 
the water of certain hot springs. 

In 1875 about 670 tons were exported from Hakodate, 
Yokohama, Hiogo, and Nagasaki. The annual production 
of sulphur, making allowance for that consumed at home, 
and that sent abroad from other ports, must be much more 
than this. In 1874 there were twenty-one productive 
mines, and three permits for exploration were issued by the 
Mining Office. 

A description of the pon deposits of Yesso will serve 
to illustrate the manner of occurrence of sulphur in Japan. 
These deposits have been examined and described by Mtr, 
ss and the following notes are condensed from his 


reports : 
Superficial incrustations, where the sulphurous fumes 
a escaping from fissures in the mountain condense 
in the cooler earth and volcanic scoris of the surface, are 
found near the tops of three volcanoes, viz., Esan, in 
Oshima province ; Tarumai, in Iburi province ; and Iwa- 
onobori in Shiribeshi province. The richer portions of the 
sulphur-bearing earth yield about 40 percent. The sul- 
phur is extracted by heating the earth in iron kettles, and 
is afterwards purified by repeated meltings in the same 
vessels. The beds are quite thin, and the amount of sulphur 
in sight at each place is small. Mr. Lyman estimates the 
ovale ble amount of ray at these places at about 140 
tons. At the time of his visit the deposit at Esan was 
alone being worked. Remains of old furnaces, however, 
were seen at the other places. The yield at Esan was 
about 16 tons per year, though the work was carried on 
only in the three summer months. The expense of working 
was very large; and, according to Mr. Lyman’s data, the 
sulphur was produced at a large er. 

aperficial deposits are also found in Horoleets kéri, in 
the province of Iburi, at Nuburibets and at Oil Lake in the 
immediate vicinity. At Nuburibets the sulphur is found 
in a small valley about 900 ft. above the sea. Oil Lake is 
a large l of boiling water, one quarter of a mile wide, 
apparently occupying an old crater. The sulphur is found 
on the banks of thelake. Mr. Lyman estimates the amount 

of sulphur at these places at 100 and 35 tons tively. 
ded deposits of sulphur occur at Kobui, in Oshima 
province, not far from the volcano of Esan, and about 27 
miles east of Hakodate. The sulphur, as a rule, is of a 
iar gray colour; and, for this reason, though quite 

are, is not merchantable and has not yet been mined. 

bed of yellow sulphur was found in the same vicinity, but 
has been exhausted. The beds appear to have de- 
posited from sulphur waters, and are probably of small 
extent. The bed of yellow sulphur was 1 ft. thick, and 





I} national power and 


It oceurs in no less than | pos 


A|and diminished 


condense, and the sulphur is distributed over the surround- 
ingearth. In the bottom of this cavity is a small crater, 
20ft. by 15 ft., apparently filled with melted and boiling 
= ofa dark brownis grey colour; through which gas 
and fumes of sulphur are continually escaping with great 
violence. 


Mr, Lyman estimates the pe in sight, on the surface 
of the ground, at 3200 tons. He , moreover, that 
an inexhaustible supply migh obtained from the 


crater by means of a proper derrick with a dredge-like 
scoop, ‘‘ or perhaps by means of a pump.” 

Resumé.— Coal is, in our day, the main source of 
ess 
apan. as the 
principal generator of steam, moves the machinery which 
so largely multiplies the power and the usefulness of human 
labour, and transports the products of the soil and of in- 
dustry py land and by sea ; coal aids in the extraction of 
the useful metals from their ores, and gives us heat, light, 
and other comforts of civilised life. It has been estimated 
that the coal product of Great Britain is equivalent to the 
labour of 133 millions of tives working without wages 
for her enrichment.* Japan, in the ikari eld 
alone, has stored up and available for at least two centuries’ 
use the labour of an equal body of men. 

To secure the full advantage of this store of fuel, a 
wees iron is necessary ; for, in the construction of the 
machinery by which the power of steam is utilised, no 
available substitute for this metal has been found. It is 
therefore fortunate that rich deposits of iron ore of the 
finest quality are so abundant. 

Next in importance, perhaps, to coal and iron, are the 
porcelain clays, which form the basis of a very considerable 
industry. The deposits of sulphur, also, are by no means 
unimportant. 

Of metallic minerals other than iron, ores of copper and 
silver alone occur in considerable quantity, and in deposits 
that can profitably be worked. and gold are found 
in many parts of the country, but the deposits are almost 
always poor—and as a rule, not worth working. Tin and 
mereury are of rare occurrence ; while other metals, such 
as antimony, cobalt, &c., occur only in unimportant de- 


rosperity ; and few countries 
a richer supply of this mineral than J 


its. 
The universal wealth of Japan, therefore, lies not, as we 
formerly supposed, in inexhaustible deposits of the precious 
metals, but chiefly in its abundant stores of coal and iron. 








ECONOMY AS APPLIED TO THE MANU- 
FACTURE OF WROUGHT IRON.+ 
By James RonAupD, Woolwich. 
(Concluded from page 488.) 

WE are approaching a crisis when a severe change is 
looked for, and the direction in which it is coming is rer 
—no transformation could more complete than that of the 
smelting furnace, both in form and detail; its economy is 
not more striking than its better aspect, the rude ex- 
pedients of the pioneer have given place to the more 
sightly combinations of science, and the change must 
extend further. Furnaces for puddling and reheating con- 
tain the most exalted means of economy. To develop it in 
the direction of steam generating is to waste it on a system 
at once deceptive and Games 

The puddling furnace can be made a source of marvellous 
economy as com: with existing practice—the passionate 
attachment to single puddliing furnace has its causes in 
an nee ee fe - it = to fae aun ene on the 
grounds of quality yield. It is simply preposterous ; 
quality is not due to any limit of povoes ty but to the 
means at the disposal of the puddler for performing his 
work efficiently ; quantity or yield is due to the efficiency 
of the furnace. Though for purposes of comparison I have 
assumed the coal requisite for 1 ton of iron to be 9 cwt. 
per ton of puddled bar, yet the amount of coal really re- 
quisite is 6;cwt. per ton. The puddling of the future 
will, I believe, be done in 15 ewt. charges, with mechanical 
puddlers, and in 8 hour shifts, and the result of one furnace 
will be 50 tons of iron per week with 6} cwt. of coal per. 
ton. The quantity of fuel necessary to the production of 
1 ton of bars including steam (under a system governed by 
engineering experience), should be 15 cwt.—at present it is 
nearer to 40 cwt. 

If this was purely visionary, a mere speculative opinion, 
with the data drawn from the fancy, it might be disre- 
garded. But the puddling of 1 ton of iron from 
the cold pig is being done far under 7 cwt. per ton, and 
the reduction to six is quite within reach ; re-heating 
isbeing done for 4 ewt. per ton, and wash-heating for 
1} cwt. per ton, facts that are as daily demonstrable as 
the operation is visible. A matter of not less importance— 
this immense economy of fuel is attended by increased yield 
cost in repairs; these alone represent a 
saving that would justify a change even in the absence of 
the saved fuel—204 cwt. of pig is only requisite for 1 ton 
of puddled bar in the “retort furnace’ with 15 cwt. 
charges, 21} cwt. of pig is necessary for 1 ton of puddled 
bars in the ordinary single furnace. The of 
an ordinary single furnace are 3s. per ton, those of a 
retort furnace for 15 cwt- charges are 1s. per ton: this is 
a chapter of reform so apparently fabulous that credence 
in such statements can scarce be hoped for, were it not they 


daily chall investigation in the Royal Gun Factories. 
AsI the ‘‘ double puddling”’ working from 15 ewt. 
to 18 cwt. charges as representing the most matured condi- 


tion of the “‘ retort system,” I have had it re ted by a 
drawing, so that you may follow its . I think it 
calculated to exercise a very marked effect on the iron 
trade of the ki , and an explanation of its provisions 
for working with cheapness and efficiency of some interest. 





* J. 8S. Newberry, Keport of Progress, Ohio Survey, 
1869, page 33. 
+= read before the London Association of Foremen 








In the case of impure ores, the fi-st ‘roasting is some- | was followed by a drift for a distance of 240 yards, when it 
times repeated. In the fusion on the low hearth the ore is | became too poor to be worked. The grey sulphur occurs 
charged between dampened of old straw matting, |in a bed 12ft. thick, exposed for a distance of 100 ft. 
and the operation is conducted with t care to avoid | There are also exposures of smaller beds, 2ft. and 4 ft. in 
mechanical loss of fine ore. The slags from this operation | thickness, of unknown, but probably small, extent. 
and from the refining of the tin are quite pasty, and con-| The most remarkable deposit of sulphur in Yesso is that 
tain much metal in fine " are crashed and | of Itashibeonai, in Shari kéri, in Se pee of Kitami, 
washed before —— final of the tin is a | near the north-east extremity of the island. The sulphur 
sim) puncte, Gang the surface is kept covered with | is found in a small valley, about two miles from the coast. 
fine charcoal to prevent oxidation. An area of about 8 acres on the slope at the head of the 

The mine and smelting works give t to'about | valley is covered with a superfi deposit of sulphur, 
120 men and = by amount of tin | ave: 6in. in thickness. In the centre of this it, 
produced, a 16 per ee ere 2 ft. lower than the of the ridge, isa 
partly in The yield of the mine, at the time of my yee 100 ft. in diameter and 30ft. deep, from which 
visit, was said to be over 2500 lb. per month. -At this rate of sulphur fumes_ are. con rising. These 

bad : stamp mill also? Ld Reports, 1871 to 1875, pp. 5, 143-148, 

+ Ofleal Cotalogee, Japanese Section, Phil. 1876, p. 41. 1470-473. 
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It has a hearth of 8ft. square fitted with the usual 
frame for the puddling pan, with a door on each side, in 
which are the working holes for the rabbles ; on the one 
side of the hearth is the firegrate and on the side of the 
firegrate is the retort chamber, in which is the retort sup- 
ported by a central pillar, which pillar is an air chamber, 
and around the sides of the chamber inserted in a culvert 
in the wall, are the air pipes leading from the blast to the 
air chamber and from thence to the ash pit; provision is 
made for the heat passing around the air pipes and air 
chamber for heating the air, by as being left between 
the brickwork and the pipes and chamber. On the other 
or opposite side of the hearth is the neck or flue bridge, 
over which the products of combustion pass on leaving the 
hearth (on which the c e for heating rests) on their 
way to the stack; this neck leads into another chamber 
with another hearth—it is designated the ‘‘ dandy,’’ not by 
any means a new feature but one not in prevalent use ; 
this is heated by the escapi roducts, and in this each 
succeeding charge to be puddle is heated almost to melting 
point, while the preceding charge is undergoing process’ of 
conversion, this pre-heating materially hastening the melt- 
ing of the charge and generally aiding the saving of both 
time and fuel. The products on leaving the dandy pass 
into an overhead flue, connecting the dandy with the retort 
chamber, then pass on through the flue into the retort 
chamber envelop the retort, giving up a vast amount of 
their heat, first to the ‘‘charge’”’ in the “‘ dandy,’”’ second 
to the retort by which the fuel is heated and the hydro- 
carbons evolved, third to the air pipes by which the ingoing 
current takes up 500 deg. Fahr., and then passing off from 
the underside of the retort chamber into the stack. The 
gases may be estimated as leaving the neck of the first 
hearth at 3000 deg. Fahr. and passing ae Bee into the 
stack at 800 deg. Fahr., the remainder being almost entirely 
arrested and returned back into the furnace, forming a 
continuous process of working up its otherwise unspent 
fugitive forces. By this arrangement we have reduced 
the consumption of fuel, fettling, and iron as compared 
with our best puddling in the single furnace. 


Large Retort. Single Furnace. 
ewt. cwt. 
Coal, 7 per ton. Coal, 24 per ton. 
Fettling,6 ,, Fettling,8 ,, 
Iron, 20.2 ,, Tron, 21.2 ,, 


And this is the measure of economy claimed in conjunction 
with a saving of firebrick. The sole residue of combustion 
is the weight of ash and clinker found by analysis to be 
associated with the coal, some 7} per cent. 

Nor can we end this summary of advantages without esti- 
mating the comparative cost of the plant to accomplish 
them. Referring again to a 500 ton of output weekly, 50 
single furnaces at an average cost of 1001. each would be 
5000/., 12 furnaces of the type I have described, includi 
the mechanical rabble and all gearing, would not exce 
4501. each, or 5400/., and but half the space, so that the 
fullest tide of economy costs at the outset but little more 
than the system which embraces all that prodigality can 
encompass. The cost of replacing a retort is not more 
than 2d. per ton on the iron puddled, and by the use of the 
overhead fiue that carries the current of gases into the top 
part of the brickwork and descend in their exit, so that 
the action of the current. comes against the bricks only, 
the part of the retort most given to wear, that of the cast 
iron, has the period of its existence increased, and ina 
furnace of 15 cwt. charges the cost will not exceed 1d. 
ton, while the great virtue of the overhead flue facilitates 
the formation of a “‘dandy,”’ offers easy means of repair, 
has its exterior kept cool _ atmospheric action, lessens 
the cost of the furnace considerably, and effectually dis- 
places the evil of cutting the cinder out of the neck or flues 
from overflow. It is needless that I should longer continue 
on this phase of the question. 

The puddling with heavy charges tly reduces the 
fuel consumed per ton, and Mr. James Whit , of Leeds, 
has in the most enterprising and courageous spirit worked 
this out to the extent of 20 cwt. charges. He commonly 
puddles 15 cwt. charges with 15 cwt. of fuel, but witha 
**retort furnace”’ he has worked 15 ewt. charges with 74 cwt. 
per ton, a reduction of 50 per cent., while his waste of an 
8 per cent. average was reduced to about 3 per cent. “I 
have dilated rather freely on this theme, but my purpose is 
to show that my prediction that the future would see fur- 
naces turning out 50 tons of iron per week, that the trying 
labour of the puddler should be saved by the use of me- 
chanical agency, that the fuel should be one-third of what 
is commonly used, and that the production of puddled bar 
generally should be from 10s. to 14s. per ton lower than at 
present. 

We are now rising from a depression of most unusual 
duration in the iron trade; we had what might have been 
termed a paroxysm of high prices and a violence of demand 
that shook labour from its propriety, and went far to un- 
mooring much of capital’s vast fleet; time came with its 
reaction, and ruin and destitution has been widespread ; 
we have been slow to recover, and a sharp sense of neglected 
opportunity sits heavy on us. We have lived out the 
sovereign sway of the iron market which for half a century 
has beenourexclusive royalty, we awake to a keen conscious- 
ness of competition, and find we are not armed with fittest 
panoply for the contest. Many of our expensive habits and 
modes of manipulation are superseded. Our enterprise 
and ingenuity have been employed in increasing output, 
not lessening cost, little recking that any day of ad- 
versity could cloud a Pa. so fair for permanence as 
that ornamented with the black diamonds, the symbol of 
our secret forces. It has not only come, but with swiftness 
and a mighty shock. America, once a creditor of large 
means and vast consumption, has started on her own ac- 
count, owns a manufacture unrivalled in the rapidity of its 
development or the extent of its resources, and destined to 

e the iron mart of the future. Her annual yield has 





reached to 3,000,000 tons of pig iron, her steel plant is 


waxing large and lific, the ingenuity and enterprise of 
her people are seaidbne un ta the etiee off atehapinpal title and 
reduced labour charges. ; 

Belgium, though at best a frail competitor owing to the 
limit of her resources, has proved a rival worthy of imita- 
tion; she has brought to her work a better intélligence, 
and a resolute spirit in the making of iron; she has hus- 

her means by the culture of science and followed 
the teachings of its economy, they have repaired the 
deep ru with the conventional tread of practice, and 
have beaten us in the terms of supply. 

France widens the area of her productions and 
the necessity of import, and she pursues with 
the offerings of economy. They have done much to solve 
the question of mechanical puddling and fuel economy, and 
several novelties of rare invention and utility establish 
with reeegie a a that sade ry os emo tion of 
with practice, an under a uraging se 
their minerals enables them. to hold their own. 

Germany and Austria are both increasing their iron in- 
dustries, and Russia threatens to prohibit the purchase of 
foreign goods with a view to encouraging native oppor- 
tuni' 


ty- 

If then we desire to hold our own in the face of such re- 
solute enterprise and prudent thrift, and determine to open 
new sources, by the requirements of nations our 
aim, and treating iron as a commodity indispensable to the 
programme of civil wants, we must combine the investiga- 
tions of science and the issues of practice. We have not 
hitherto felt the pressure of our improvidence or the poverty 
of our practice, and hence the veatiees expenditure of fuel 
both in heating and steam 
wantonness on to the serious attention as it is now doing. 
If we wish to occupy that: proud pre-eminence we have 
hitherto held we must husband our resources, reduce our 
fuel, and increase our yield, waste heat cannot be permitted 
to continue. The riches of our min kingdom are too 
precious and limited to be spent or sacrificed at the shrine 
of a narrow and unyielding practice, but their utility ex- 
acted to the fullest extent by a deference to the laws that 
favour their eee ree and m4 —— advan- 
tages we possess, will bring us back much of the prestige 
we have lost. Itis inthe hope of promoting this end I 
have presumed to dilate so freely on furnace economy, as 
I believe it lies at the root of the evil. 


contracts 
ing zeal 





FOREIGN AND COLONIAL NOTES. 


Scandinavian Railways.—It appears that in 1875 
Sweden, Norway, and Denmark possessed between them 
3285 miles of railway. The capital sunk in this mil 
was 21,778,0001. The revenue acquired upon the lines in 
1875 was 2,192,000l., while the working expenses of the 
year were 1,392,000U. 


The Suex Canal.—The transit revenue of the Suez Canal 
Company in 1870 amounted to 206,3601, In 1871, the 
corresponding revenue was 359,7201.; in 1872, 656,2801. ; 
in 1873, 915,9801. ; in 1874, 994,3601. ; in 1875, 1,155,4401. ; 
and in 1876, 1,198,9601. The number of ships which 
passed through the canal in 1876 was 1457, and the aggre- 
gate weight of goods carried through it during the year 
was 3,072,000 tons: In the first five months of 1877, 766 
vessels passed through the canal, and the transit revenue 
collected amounted to 600,9291. ‘The corres; ing move- 


Per} ment in the corresponding period of 1876 comprised 692 


ships, while the transit revenue collected-in the first five 
months of 1876 was 549,315/. It will be seen that the 
transit revenue increased last year to the extent of 43,5201., 
as compared with 1875, while in the first five months of 
this year, as compared with ‘the corresponding period of 
1876, the corresponding increase was 51,614. 

Steel Rails on the Northern of Canada.— About 
20 miles outwards from Toronto on the Northern Railway 
of Canada have now been continuously steel railed. 


South Austrian and Upper Italy Railway.—The aggre- 
ate length of the lines conceded to the South Austrian and 
pper Italy say ty Bed is 2701¢-miles, and the 
length remaining to be constructed is just 50 miles, 26514 
miles being now in operation. Important works of trans- 
formation have been executed of late at the Trieste 
station. A second line of rails has been completed for a 
distance of 64 miles between Kalsdorf and Lebring and for 
a further distance of 5 miles between Lebring and Leibnitz. 
There are now only 6% miles of single line on the whole dis- 
tance from Vienna to Trieste. The rolling mill owned by 
the company at Gratz delivered in 1875, 5918 tons of ordi 
iron por en ty 6452 tons of steel or mixed rails. 


American Locomotives.—This month (June) has wit- 
nessed the despatch from the Baldwin Locomotive Works, 
Philadelphia, of 19 engines for Brazil. The total number 
of locomotives pro’ 
to Brazil in the course of this summer is 41. A number 
of engineers, firemen, and machinists accompany the 
engines. 

A Large Compound Engine.—The new American steam- 
ship Saratoga, built for the West Indian trade, is to have 
one compound engine of 1650 horse er, which will be 
supplied with steam from four large boilers, carrying 80 lb. 
of steam to the square inch, 

Rolling Stock on the South Austrian and U; 
—At the close of 1876, the South Austrian and 


Italy. 
pper Italy 


Railway oe | owned 1275 locomotives, 3353 a Cc 
pany 


carriages, and 25,927 goods trucks. The com 


owned at the same date eight steamers suitable for lake 
navigation. Ascompared with 1875, the company’s rolli 
stock was reduced last year to the extent of 23 engines 
five passenger carriages. 

Northern Pacific Railroad.—The yice-president of the 





has not pressed: its | Northern 


posed to be despatched from the works |- 





Northern Pacific Railroad Com 

in good condition, and that its 
stockhol has 

the cost of constructing the road from Bismarck 

Westfinto Montana Territory, and to propose a plan for 

furnishing the means for purpose. 

merican Locomotive P nae New York 


states that the road is 


A 
Central and fiadgon, Rive a page oy 
making experiments for some we 
ascertaining how long a ‘ectealiee on run, with due 
to economy without repairs. It has been ascertained that 
the company’s locomotive No. 90 ran 70;000 miles in eleven 
months ‘without going into a repairing shop. 

The German Goal Trade.—Tho demand. for coal has 
become rather more active in the Dortmund district. 
Several cargoes of coal have been’ forwarded of late to 
Russia, Sweden, Belgium, and Holland. 

Iron Sleepers.—The Paris, Lyons, and Mediterranean 
Railway Company is about to ean @ tal trial 
of the sleepers of MM. Brunon , of Rive-de-Gier. 


Great Northern Tele; h omepents ie the first five 
months of this year the Great Northern 7m 
2 seme yy ding period of 1876. ‘The 
in the correspon: " 
revenue collected by the company in the first five months 
of this year amounted to 76,1561.,. a8. compared with 
73,994. in the corresponding period of 1876, showing an 
increase of 21621. this year. . : 
Working Ewpenses on the Northern. of Canada,—The 
ratio of the working to the traffic ipts on the 
Railway St Ounada | amounted in 1876 te 88.42 per 
cent., against 63.64 per cent. in 1875, showing a reduction 
Sie r ca me year. Notwithstanding the ae 
us indicated in working c propert; 
been maintained in first-rate condition and the iture 
incurred for repairs in 1876 was‘even larger than in some 
former years. . 


American Mechanical Industry.—Messrs. Mellert and 
Co. are employed on a contract let by the city of Phila- 
delphia for water mains. Work bao-boun commenced by 
Messrs. Carroll and Co. upon a new dredge boat for Captain 
Eads, to be used in improving the mouth of the Mississippi. 
The Buckeye Engine Company, Salem, have shi) a 
100 horse power automatic cut-off engine to the Centennial 
building at bing om The same works have orders 
for an engine of 100 horse power, with a saw-mill, to be 
shipped to Hamburg, ; for an of 115 
horse power, for the Scho’ rolling mill, Atlanta, 
Georgia ; an engine of 80 horse power for Messrs. Hast 
and is, Lima ; an engine of 130 horse power for Messrs. 


eage | O, P. Chapman and Co., of Pittsfield, Illinois, &c. 


American Ordnance.—The South Boston F has 
cast a 12-in. rifled gun. The weight of this piece of 
he pera when ss ting 7 a | and it 

a projectile weig abou’ “ Ch) 
charge of pepe in firing it, will be from 110 Ib. to 140 lb., 
with which the projectile will pierce a ‘solid mass of iron 
from 12 in. to 15 in. thick at a distance of 1000 yards. The 
gan will be made of cast iron lined with a wrought-iron 


Steam on Street Railroads.—The Officers of the Third 
Avenue Rai Company of New York have made a 
formal application to the mayor of that city for permission 
to run their cars by an improved motive power, or noiseless 
steam engines, such as are now in use in Philadelphia. 

The St. Gothard Railway.—A conference recently held 
by commissioners representing Germany, Italy, and 
Switzerland with reference to the present position of the 
St. Gothard Railway (and tunnel) has come to the conclusion 
that a plans must be modified and reduced. The 
St. Got’ Railway properly so called is proposed to be 


proceeded with, but sundry affluents are to be abandoned 
for the present. \ Notwithstanding this abandonment 
iti capital is still requi to the extent of 


1,840,0001, 


er 7 wre Aya qnetion | A the permanent 
res’ n of a great bridge carrying the Bombay, Baroda, 
and Central India Railway over the Nerb river, 
1560 ft. of which were carried away by heavy floods in 
September, 1876, has been receiving much consideration ; 
and it has been decided to erect an entirely new bridge just 
above the old bridge on a design furnished by Sir J. 
Hawkshaw. A contract has been entered into for the 


the new bridge, which 6 
on piers of two large ironcylinders. Until this new bridge 
over bo rn he — er oad traflic, herr will a 
tinue over the o idge, crossing the gap by a 
Seesdars ripucteive which has been erected with skill and 

romptitude by the Bombay, Baroda, and Central India 
a engineers. 


Peruvian Railways.—We learn that the work of rail- 
road building in Peru is about to be actively resumed, and 
that the silver mines of Cerro de Pasco, inthe Andes, east 
of Lima, are to be developed ona scale hitherto un; 
cedented. The Pacific Railroad of Peru commences at 
Callao on the coast and runs “gg ngage agyon Fe 
seven miles; it then strikes bo! y in among the wildest 
and most t: us mountains of the globe. 

The Proposed Channel Tunnel.—A provisional associa- 
tion formed for constructing a tunnel under the British 

hannel between England and France has held a meeting 
in Paris to receive a report on certain geological explora- 
i ings executed last year. The report stated 
zone through which it was proposed to 
continuous and homogeneous 
considered the contemplated 


tions 

that oe oe 
tunnel was 

and the engi 


tannel quite practicable. 
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